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MINUTES   OF  MEETINGS 
OF   THE  SOCIETY 

April  16th,  1913.— The  meeting  was  called  to  order  at  <s.;50  P.  M.  ; 
Vice-President  J.  Waldo  Smith  in  the  chair  ;  Chas.  Warren  Hunt,  Sec- 
retary ;  and  present,  also,  94  members  and  10  guests. 

A  paper  by  C.  J.  Tilden,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Kinetic  Effect  of  Crowds,"  was  presented  by  the  Secretary.  The 
paper  was  discussed  orally  by  Messrs.  Henry  S.  Prichard,  E.  D. 
Coombs,  and  J.  B.  French.  The  Secretary  read  communications 
on  the  subject  from  Messrs.  Frazer  C.  ITilder  and  Henry  H. 
Quirnby. 

A  paper  by  Messrs.  Arthur  Taylor  and  Thomas  Sanborn,  entitled 
"Some  Experiments  with  Mortars  and  Concretes  Mixed  with  Asphaltic 
Oils,"  was  presented  by  the  Secretary.  A  discussion  on  the  subject 
by   Logan  Waller  Page,   M.   Am.    Soc.   C.  E.,   was  read  by  Mr.  A.   T. 
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Goldbeck,  and  the  paper  was  discussed  orally  by  Messrs.  James  Owen, 
W.  J.  Boucher,  and  A.  T.  Goldbeck. 

The  Secretai-y  announced  the  following  death: 

Griffith  Morgan  Eldridge,  elected  Associate  Member,  June  1st, 
1892;  Member,  September  3d,  1902;  died  August  30th,  1912. 

Adjourned. 

May  7th,  1913. — The  meeting  was  called  to  order  at  8.35  p.  M. ; 
President  George  F.  Swain  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary; and  present,  also,  165  members  and  22  guests. 

The  minutes  of  the  meetings  of  March  19th  and  April  2d,  1913, 
were  approved  as  printed  in  Proceedings  for  April,  1913. 

The  following  resolution  was  presented  by  the  Secretary  in  behalf 
of  John  H.  Lewis,  Assoc.  M.  Am.  Soc.  C.  E. : 

"Moved:  That  the  Board  of  Direction  of  the  American  Society  of 
Civil  Engineers  be  and  is  hereby  authorized  and  directed  to  appoint 
a  special  committee  to  investigate  the  advisability  of  drafting  a 
National  Water  Law  applicable  to  all  navigable,  interstate  and  other 
waters  within  the  jurisdiction  of  the  United  States,  and  embracing 
all  uses  of  water,  and  that  such  committee  be  directed  to  prepare  a 
preliminary  draft  of  such  a  law  for  submission  at  some  regular  meet- 
ing of  the  Society,  if,  in  their  judgment,  it  appears  advisable." 

On  motion,  duly  seconded,  the  resolution  was  referred  to  the  Board 
of  Direction. 

The  following  motion,  offered  by  Allen  Hazen,  M.  Am.  Soc.  C.  E., 
was  adopted: 

"That  the  Board  of  Direction  consider  the  matter  of  the  appoint- 
ment of  a  Special  Committee  to  study  the  question  of  Floods,  Flood 
Prevention,  and  other  allied  subjects." 

A  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  entitled  "Tidal 
Phenomena  in  the  Harbor  of  New  York,"  was  presented  by  the  author, 
who  illustrated  his  remarks  with  lantern  slides.  The  paper  was  dis- 
cussed by  Messrs.  T.  Kennard  Thomson,  George  A.  Soper,  Allen  Hazen, 
James  Owen,  and  E.  F.  Robinson. 

On  motion,  owing  to  the  lateness  of  the  hour,  and  to  the  absence 
of  the  author,  the  paper  entitled  "Colorado  Eiver  Siphon,"  by  George 
Schobinger,  Jun.  Am.  Soc.  C.  E.,  was  not  read,  but  was  presented  by 
title  only. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  May  7th,  1913 : 

As  Members 

Sheldon  Byrne  Clement,  North  Bay,  Ont.,  Canada 
Leicester  Durham,  New  Paltz,  N.  Y. 
Christopher  Harrison,  Everett,  Mass. 
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Edwin  Wesley  Hess,  Clearfield,  Pa. 
Charles  Edwin  Jenkins,  Easton,  Pa. 
Robert  Vonartievklde  Leeson.  Topeka,  Kans. 
Edward  Rowland  Lewis,  Duluth,  Minn. 
John  Bell  McRae,  Ottawa,  Ont.,  Canada 
Bernard  Herman  Prack,  Hamilton,  Ont.,  Canada 
Oscar  Leonard  Schlumpf,  Pittsburgh,  Pa. 
William  Craven  Watson,  West  Haven,  Conn. 
George  Henry  Wells,  New  York  City 

As  Associate  Members 
Richard  Cecil  Bayne,  McKeesport,  Pa. 
William  Bryant  Bennett,  Portland,  Ore. 
Alexander  Blair,  Summit,  N.  J. 
Joseph  Hugh  Brooking,  Springfield,  Mo. 
Arthur  Culver,  Buenos  Aires,  Argentine  Republic 
Ralph  Bruere  Daudt,  Toledo,  Ohio 
Eugene  Frank  Delery,  New  Orleans,  La. 
Fred  Calvin  Dunham,  Spokane,  Wash. 
Frederick  William  Epps,  Kansas  City,  Kans. 
John  Ashley  Ferguson,  Pittsburgh,  Pa. 
Frank  Hoyt  Fowler,  Seattle,  Wash. 
Daniel  Carlos  Hayne,  Indianapolis,  Ind. 
Thomas  Stewart  Johnston,  Chicago,  111. 
Frances  William  Kellogg,  Dobbin,  W.  Va. 
Homer  Virgil  Knouse,  Marble,  Colo. 
Clarence  Herbert  Kromer,  Sacramento,  Cal. 
Henry  Clinton  McRae,  Colgate,  Md. 
George  Miles  March,  Wilson,  N.  C. 
Horace  Guy"  Merrick,  La  Crosse,  Wis. 
Charles  Henry  Moorefield,  Washington,  D.  C. 
Ben  Sto<:;dex  ^roRROA\',  Portland,  Ore. 

Wallace  Cromwell  Allen  Palmer,  Manila,  Philippine  Islands 
Richard  Edward  Phillips,  Albany,  N.  Y. 
Fred  Alexis  Post-Nikov,  Berkeley,  Cal. 
Harry  Robinson,  Atlantic  City,  N.  J. 
Robert  John  Ross,  Hartford,  Conn. 
John  Pierce  Ryan,  Hamilton,  Cal. 
Percy  Augustus  Shaw,  Lancaster,  Pa. 
Louis  Newton  Sperry,  Watertown,  N.  Y. 
Jay  Alvord  Stilson,  Detroit,  Mich. 
George  Birrill  Stone,  Salt  Lake  City,  Utah 
Samuel  Edwin  Stott,  Boston,  Mass. 
Frederick  Peter  Swartz,  Springfield,  Mo. 
Franklin  James  Van  Hook,  Cincinnati,  Ohio 
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William  Tibbitts  Webb,  Newburgh,  IST.  Y. 
Walter  Wallace  Weir,  North  Yakima,  Wash. 
Andrew  Perry  Wenzell,  Port  Arthur,  Ont.,  Canada 

As  Associate 
Daniel  Ellis  Douty,  New  York  City 

As  Juniors 
Ira  Leonard  Collier,  Olympia,  Wash. 
William  Mack  Eliot,  Austin,  Tex. 
Harold  Wiley  Griswold,  Tuscaloosa,  Ala. 
Irving  Van  Arnam  Huie,  New  York  City 
Harry  Lichtenstein,  New  York  City 
Howard  Perry  Michener,  New  Haven,  Conn. 
Howard  Samuel  Porter,  Hartford,  Conn. 
William  Henry  Eedlien,  Eichmond  Hill,  N.  Y. 
Charles  Gilbert  Eeilly,  Pittsburgh,  Pa. 
Edgar  William  Eossig,  Weehawken,  N.  J. 
Donald  Hefley  Eowe,  Tacoma,  Wash. 
Edward  Burchard  Sandelands,  Quintana,  Tex. 
Ernest  Walker  Sawyer,  San  Francisco,  Cal. 
Frederick  Holman  Waring,  Cincinnati,  Ohio 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  May  7th,  1913: 

From  Associate  Member  to  Member 
James  Edwin  Boatrite,  South  Bethlehem,  Pa.  i 

Brent  Skinner  Drane,  Charlotte,  N.  C. 
Paul  Howes  Norcross,  Atlanta.  Ga. 
George  Tilley  Seabury,  White  Plains,  N.  Y. 
Gabriel  Egberts  Solomon,  Atlanta,  Ga. 
Murray  Sullivan,  Salt  Lake  City,  Utah 
Arthur  Warren  Tidd,  White  Plains,  N.  Y. 
Garret  Edward  Tilt,  New  York  City 

From  Associate  to  Member 
Holger  Struckmann,  Kansas  City,  Mo. 

From  Associate  to  Associate  Member 
Jonathan  Ehodes  Smith,  New  York  City 

From  Junior  to  Associate  Member 
Lester  Bernstein,  Baltimore,  Md. 
Louis  Chevalier,  Baltimore,  Md. 
Walter  Louis  Drager,  Schenectady,  N.  Y. 
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William  Dollison  Faucette,  Portsmouth,  Va. 
Sidney  Twichell  Harding,  Washington,  D.  C. 
Roger  Tifft  Holloway,  New  York  City 
Clarence  Decatur  Howe,  Halifax,  N.  S.,  Canada 
William  Richard  Hughes,  Jr.,  Detroit,  Mich. 
David  Clayton  Johnson,  Brooklyn,  JST.  Y. 
Glenn  Vernon  Rhodes,  Oakdale,  Cal. 
Needham  Everett  Waddell,  Kansas  City,  Mo. 
Harland  Clark  Woods,  Boulder,  Colo. 
Howard  McClymonds  Yost,  Massillon,  Ohio 

From  Junior  to  Associate 
Stanley  Phister  Finch,  Austin,  Tex. 

The  Secretary  announced  the  following  deaths: 

Charles  Walker  Raymond,  elected  Member,  June  1st,  1892;  died 
May  3d,  1913. 

Henry  William  Vehrenkamp,  elected  Associate  Member,  June  5th. 
1907;  Member,  June  30th,  1911;  died  April  25th,  1913. 

Willlvm  Belden  Reed,  Jr.,  elected  Junior,  December  1st,  1896; 
Associate  Member,  June  5th,  1907;  died  April  3d,  1913. 

Charles  Harry  Tisdale,  elected  Associate  Member,  October  31st, 
1911 ;  died  April  30th,  1913. 

Adjourned. 


/ 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

May  7th,  1913. — President  Swain  in  the  chair;  Chas.  Warren  Hunt, 
Secretary ;  and  present,  also,  Messrs.  Bush,  Churchill,  Edwards,  Leonard, 
Ridgway,  Smith,  and  Snow. 

Acoustics  of  Auditorium. — A  report  was  received  from  the  Library 
Committee  to  which  this  matter  had  been  referred,  and  it  was  resolved 
that  the  Board  does  not  deem  it  necessary  or  expedient  to  take  any 
further  action  in  the  matter.* 

Conduct  of  Meetings  and  Presentation  of  Papers. — This  matter 
again  received  careful  consideration,  and  the  Special  Committee  ap- 
pointed to  consider  it  was  requested  to  prepare  a  draft  of  a  Report  of 
the  Board  on  the  subject  for  presentation  to  the  Annual  Convention. 

Licensing  of  Engineers. — A  report  was  received  from  the  General 
Conference  Committee  of  the  five  National  Engineering  Societies  pre- 
senting the  following  Resolution  recently  adopted  by  that  Conference 
Committee : 

"That  it  is  the  sense  of  this  Conference  Committee  that  it  is  ad- 
visable that  a  Joint  Committee  of  the  National  Engineering  Societies 
be  formed  for  the  purpose  of  drafting  a  Bill  for  the  Registration  of 
Engineers,  to  be  used,  if  necessary,  to  prevent  vicious  legislation;  and 
that  the  members  of  this  General  Conference  Committee  be  requested 
to  report  this  action  to  their  several  Societies." 

The  Board  declared  itself  in  accord  with  this  suggestion,  and 
appointed  Messrs.  Robert  Ridgway  and  Charles  Warren  Hunt  as  the 
Representatives  of  this  Society  on  any  Joint  Committee  which  may 
be  appointed  by  the  other  four  National  Societies. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
12  Members,  37  Associate  Members,  1  Associate,  and  14  Juniors,  and 
the  transfer  of  13  Juniors  to  the  grade  of  Associate  Member,  and 
1  Junior  to  the  grade  of  Associate. 

Eight  Associate  Members  and  one  Associate  were  transferred  to 
the  grade  of  Member,  and  one  Associate  was  transferred  to  the  grade 
of  Associate  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 

*  For  the  substance  of  this  report  see  page  346. 
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JOHN  FRITZ,   Hon.  M.  Am.  Soc.  C.  E.* 

"The  Board  of  Directors  of  the  John  Fritz  Mkdal  Fund  Corpora- 
tion, learning  with  sorrow  of  the  death  of  Mr.  John  Fritz  at  his  home 
in  South  Bethlehem,  Pennsylvania,  on  February  13th,  1913,  in  the 
ninety-first  year  of  his  ago,  desires  to  place  upon  its  records  this  minute, 
upon  the  completion  of  his  long  and  useful  life  of  effective  service  to 
his  Profession  and  his  country. 

"In  1902,  when  Mr.  Fritz  was  approaching  his  eightieth  birthday, 
his  friends  and  admirers  planned  to  give  a  dinner  at  which  he  should 
be  the  guest  of  honor.  A  dinner,  however,  was  felt  by  many  to  be 
inadequate  to  commemorate  so  great  a  man,  and  to  signalize  the  indebt- 
edness of  the  profession  of  engineering  for  such  a  life  so  lived.  A 
dinner,  moreover,  is  soon  forgotten  and  leaves  no  permanent  record. 
Out  of  this  thought  grew  the  idea  of  creating  a  fund,  by  gift  from  the 
many  who  could  attend  and  from  the  many  more  who  could  not  be  so 
assembled,  the  income  from  which  should  be  used  in  honor  of  .  Mr. 
Fritz,  to  i-ecognize  and  reward  achievements  in  engineering  similar 
to  those  which  had  made  his  life  so  valuable  to  the  Profession  and  to 
the  world.  The  result  was  a  substantial  subscription  from  the  mem- 
bers of  the  four  great  engineering  societies,  and  from  other  friends 
and  professional  associates  of  Mr.  Fritz,  and  the  creation  of  an  incor- 
porated body,  to  act  as  Trustees  of  the  fund,  and  the  judges  who  should 
award  a  medal  for  notable  scientific  or  industrial  achievement. 

"The  Directors  of  the  corporation  founded  in  April,  1903,  to  exe- 
cute this  trust,  do  not  feel  that  they  are  called  upon  on  this  occasion 
to  make  any  extended  reference  to  the  professional  achievements  of 
Mr.  Fritz,  or  to  his  fine  character  and  the  charm  of  his  personality. 
This  has  been  done  elsewhere  and  by  competent  hands.  But  it  will  be 
proper  to  refer  to  the  influence  which  the  achievements  and  the  char- 
acter of  the  man  whose  name  it  bore  has  always  had  in  the  award  of 
the  John  Fritz  Medal.  The  recipient  of  it  must  have  done  some  nota- 
ble thing  such  as  would  have  commended  itseK  to  the  clear-headed 
judgment,  and  the  kindly  approval,  of  the  man  in  whose  honor  the 
Board  was  created  to  act.  It  is  the  wish  and  the  ambition  of  the 
Board  of  Award  that  it  shall  ever  maintain  the  standard  set  by  the 
life  and  achievements  of  Mr.  Fritz  in  the  men  and  their  achievements, 
to  whom  the  John  Fritz  Medal  is  awarded. 

"The  Board  feels  that  the  ordinary  phrases  of  corporate  action 
would  be  inappropriate  upon  the  termination  of  such  a  splendid  life 
by  the  summons  to  yet  higher  service,  especially  when  such  Board 
exists  for  the  specific  purpose  of  perpetuating  and  making  influential 

*  Action  taken  by  tbp  John  Fritz  Medal  Board  of  Award  which  is  made  up  of  represent- 
atives of  the  American  Society  of  Civil  Engmeers.  the  Amei-icau  Institute  of  Mining 
Engineers,  the  American  Society  of  Mechanical  Engineers,  and  the  American  Institute  of 
Electrical  Engineers. 
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the  noble  spirit  and  high  ideals  of  such  a  life  by  rewarding  achieve- 
ment in  its  field. 

"What  it  may  properly  do  is  to  express  thankfulness  that  the  life 
was  spared  so  long,  and  to  record  its  pledge  that  this  Board  will  ever 
strive  so  to  carry  out  its  purpose  that  the  name  and  the  life  of 
John  Fritz  may  be  powers  for  good  through  the  years  to  come  and  in 
the  fields  of  Applied  Science  in  which  he  made  himself  so  eminent, 
and  that  it  shall  thus  help  to  keep  bright  the  luster  of  that  name. 

"Resolved:  That  this  minute  be  spread  in  full  upon  the  records  of 
the  John  Fritz  Medal  Fund  Corporation  and  that  copies  of  it  be  sent 
to  the  secretaries  of  the  four  engineering  societies  represented  on  that 
body  for  such  publication  as  they  may  deem  proper. 

"Respectfully  submitted, 

"Frederick  R.  Hutton, 
"Charles  Kirchhoff, 

"Special  Committee." 


ACOUSTICS  OF  THE  SOCIETY  AUDITORIUM 

At  the  Annual  Meeting  of  1913,  the  following  action  was  taken  re- 
ferring to  the  Auditorium : 

"That  the  Board  of  Direction  be  requested  to  employ  the  best  talent 
that  is  available,  and  do  something  to  make  it  more  satisfactory  to 
the  hearers  in  this  room  and  to  the  speakers  also." 

This  matter  has  been  under  careful  consideration  for  some  time, 
and  expert  advice  has  been  secured  which  in  effect  is  as  follows: 
That  the  room  is  not  at  all  bad  acoustically,  and  that  it  is  a  question 
whether  the  slight  annoyance  which  exists  is  worth  removing.  If  the 
walls  were  subjected  to  an  additional  treatment  by  the  placing  of 
specially  prepared  felt  in  the  vertical  panels  and  covering  this  with 
burlap,  it  would  tend  to  make  the  room  better  acoustically.  This  work, 
if  undertaken,  would  cost  $565. 

The  Board  of  Direction,  at  its  meeting  of  May  7th,  1913,  after 
carefully  considering  the  matter,  decided  that  it  was  not  necessary 
or  advisable  to  do  anything  further  in  this  matter. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M,  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE    MEFTINQS 

June  4th,  1913. — 8.30  P.  M. — This  will  be  a  regular  business 
meeting.  Two  papers  will  be  presented  for  discussion,  as  follows: 
"The  Philosophy  of  Engineering,"  by  Maurice  G.  Parsons,  Jun.  Am. 
Soc.  0.  E.;  and  "The  Elevation  of  the  Tracks  of  the  Philadelphia, 
Germantown  and  Xorristown  Kailroad,  Philadelphia,  Pa.,"  by  Samuel 
Tobias  Wagner,  M.  Am.  Soc.  C.  E. 

Mr.  Parsons'  paper  was  printed  in  April,  1913,  Proceedings,  and 
^[r.  Wagner's  paper  is  published  in  this  number  of  Proceedings. 

September  3d,  1913. — 8.30  P.  M.— A  regular  business  meeting 
will  be  held,  and  two  papers  will  be  presented  for  discussion,  as  follows: 
."The  Storage  of  Flood  Waters  for  Irrigation:  A  Study  of  the  Supply 
Available  from  Southern  California  Streams,"  by  A.  M.  Strong,  Assoc. 
M.  Am.  Soc.  C.  E. ;  and  "Modern  Pier  Construction  in  New  York 
Harbor,"  by  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

September  17th,  1913. — 8.30  P.  M. — At  this  meeting  a  paper  by 
J.  C.  Tlrich,  ]\r.  Am.  Soc.  C.  E.,  entitled  "The  Prewitt  Reservoir  Propo- 
sition." will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

October  ist,  1913. — 8.30  P.  M. — A  regular  bvisiness  meeting  will 
be  b.cM,  and  a  paper  by  W.  J.  Wilgus,  M.  Am.  Soc.  C.  E.,  entitled, 
"Physical  Valuation   of   Railroads,"   will  be  presented  for  discussion. 

This  paper  is  published  in  this  number  of  Proceedings. 


NEW  ORLEANS  MEETING 

The  Meeting  of  the  Society  scheduled  for  October  15th,  1913,  will 
be  held  in  New  Orleans.  La. 

The  object  of  making  the  announcement  of  this  meeting  at  the 
present  time  is  to  give  ample  notice  to  the  membership;  a  later  an- 
nouncement, covering  the  matter  more  in  detail,  will  be  published  in 
the  August  number  of  Proceedings,  and  quite  possibly  may  be  issued 
to  the  membership  in  the  form  of  a  circular. 
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It  has  been  realized  for  some  time  that,  with  only  one  Annual  Con- 
vention during  each  yea.r,  it  is  almost  impossible  to  hold  meetings 
which  will  be  accessible  to  the  rapidly  growing  membership,  and  there 
are  some  localities  in  which  it  is  perhaps  not  desirable  to  hold  a  Summer 
Convention.  It  is  hoped  that  by  this  plan  one  or  more  additional 
Society  Meetings  can  be  held  each  year,  and  that  these  will  serve  to 
bring  the  somewhat  widely  scattered  membership  into  closer  touch 
with  the  Society  and  its  work. 

The  only  announcement  as  to  the  programme  that  can  be  made  at 
the  present  time  is  that  a  paper  by  W.  E.  Fuller,  M.  Am.  Soc.  C.  E., 
entitled  "Flood  Flows,"  will  be  presented  at  that  meeting.  Mr.  Fuller's 
paper  is  printed  in  this  number  of  Proceedings. 


ANNUAL  CONVENTION 

The  Forty-fifth  Annual  Convention  of  the  Society  will  be  held  at 
Ottawa,  Ont.,  Canada,  from  June  17th  to  20th,  1913,  inclusive. 

The  general  arrangements  for  the  Convention  are  in  the  hands  of 
the  following  Committees: 


COMMITTEE  OF  THE  BOARD  OF  DIRECTION 

Charles  H.  Rust,  Chairman, 
Henry  W.  Hodge.  Chas.  Warren  Hunt. 


LOCAL  COMMITTEE 

Chas.  H.  Keefer,  Chairman, 
W.  H.  Breithaupt,         H.  Holgate,  John  Kennedy, 

S.  J.  Chapleau,  J.  A.  Jamieson,       William  McNab, 

C.  R.  F.  CouTLEE,  Phelps  Johnson,    C.  H.  Mitchell, 

A.  R.  Dufresne,  T.  C.  Keefer,  H.  R.  Safford, 

G.  H.  Duggan,  H.  G.  Kelley,        W.  F.  Tye, 

Sir  Sandford  Fleming,  G.  W.  Volckman. 

A  preliminary  circular  has  been  sent  to  all  members,  and,  as  soon 

as  arrangements  have  been  completed,  an  additional  circular  will  be 

issued. 
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INTERNATIONAL    ENGINEERING   CONGRESS    IN    1915 

In  connection  with  the  Panama-Pacific  International  Exposition, 
which  will  be  held  in  San  Francisco  in  1915,  there  will  be  an  Inter- 
national Engineering  Congress,  in  which  engineers  throughout  the 
world  will  be  invited  to  participate. 

The  Congress  is  to  be  conducted  under  the  auspices  of  the  five 
National  Engineering  Societies,  namely:  the  American  Society  of 
Civil  Engineers,  the  American  Institute  of  Mining  Engineers,  the 
American  Society  of  Mechanical  Engineers,  the  American  Institute 
of  Electrical  Engineers,  and  the  Society  of  Naval  Architects  and 
Marine  Engineers. 

These  Societies,  acting  in  co-operation,  have  appointed  a  perma- 
nent Committee  of  Management,  consisting  of  the  Presidents  and  Sec- 
retaries of  each  of  these  Societies,  and  eighteen  members  resident  in 
San  Francisco. 

As  thus  officially  constituted,  the  personnel  of  the  Board  is  as 
follows : 

Representing  the  American  Society  of  Civil  Engineers: 

George  F.  Swain,  President, 
Charles  Warren  Hunt,  Secretary, 
Arthur  L.  Adams, 
W.  A.  Cattell, 
Charles  Derleth,  Jr., 
Charles  D.  Marx. 

Representing  the  American  Society  of  Mechanical  Engineers: 

W.  F.  M.  Goss,  President, 
Calvin  W.  Rice,  Secretary, 

W.    F.    DURAND, 

R.  S.  Moore, 
T.  W.  Ransom, 
C.  R.  Weymouth. 

Representing  the  American  Institute  of  Mining  Engineers: 

Charles  F.  Rand,  President, 
Bradley  Stoughton,  Secretary. 
H.  F.  Bain. 
Edward  H.  Benjamin, 
Newton  Cleaveland, 
William  S.  No  yes. 
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Representing  the  American  Institute  of  Electrical  Engineers: 

Ralph  Davenport  Mershon,  President, 
F.  L.  Hutchinson,  Secretary, 
J.  G.  De  Remer, 
A.  IL  Hunt. 

Representing  the  Society  of  Naval  Architects 
AND  Marine  Engineers: 

Robert  M.   Thompson,  President, 
D.  H.  Cox,  Secretary, 
George  W.  Dickie, 
William  R.  Eckart, 
H.  P.  Frear. 

The  Committee  has  effected  a  permanent  organization,  with 
Professor  William  F.  Durand  as  Chairman,  and  Mr.  W.  A.  Cattell  as 
Secretary-Treasurer,  and  has  established  executive  offices  in  the  Fox- 
croft  Building,  68  Post  Street,  San  Francisco. 

The  ten  members  of  the  Committee,  consisting  of  the  Presidents 
and  Secretaries  of  the  five  National  Societies,  will  constitute  a  Com- 
mittee on  Participation,  through  which  all  invitations  to  participate 
in  the  Congress  will  be  issued  to  Governments,  Engineering  Societies, 
and  individuals. 

The  personnel  of  this  Committee  is  as  follows : 

Committee  on  Participation  : 

Charles  F.  Rand,  Chairman, 
Charles  Warren  Hunt,  Secretary, 
D.  H.  Cox,  Calvin  W.  Rice, 

W.  F.  M.  Goss,  Bradley  Stoughton, 

F.  L.  Hutchinson,  George  F.  Swain, 

Ralph  Davenport  Mershon,     Robert  M.  Thompson. 

The  actual  management  of  the  Congress  and  the  work  of  securing 
and  publishing  papers  will  be  in  charge  of  the  members  of  the  Com- 
mittee resident  in  San  Francisco.  The  work  of  the  Resident  Members 
has  been  assigned  to  different  sub-committees,  and  Chairman  Durand 
has  made  the  following  appointments: 

Executive  Committee: 

W.  F.  Durand,   Chairman,  Ex-officio, 

W.  A.  Cattell,  Secretary,  Ex-officio, 

E.  H.  Benjamin,          •        W.  G.  Dodd,  A.  M.  Hunt. 
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Finance  Committee: 

W.  G.  DoDD,  Chairman,    Newton  Cleaveland,    R.  S.  Moore. 

Papers  Committee: 

A.  M.  Hunt,  Chairman, 
A.  L.  Adams,  G.  W.  Dickie,  C.  D.  Marx, 

H.  F.  Bain,  W.  R.  Eckart,  C.  R.  Weymouth. 

Publicity    Committee  : 

W.  A.  Cattell,  Chairman, 
C.  Derleth,  Jr.,  W.  S.  Noyes,  T.  W.  Ransom. 

Local  Affairs  Committee  : 
E.  H.  Benjamin,  Chairman,      J.  G.  De  Remer,      H.  P.  Frear. 

The  Honorary  OfBcers  of  the  Congress  will  consist  of  a  President 
and  a  number  of  Vice-Presidents  selected  from  among  the  most  dis- 
tinguished engineers  of  this  and  foreign  countries. 

The  papers  presented  at  the  Congress  will  naturally  be  divided  into 
groups  or  sections.  During  the  Congress  each  section  will  hold  inde- 
pendent sessions,  which  will  be  presided  over  by  a  chairman  eminent 
as  a  specialist  in  the  branches  of  engineering  covered  by  his  section. 

The  scope  and  magnitude  of  the  Congress  has  not  as  yet  been  defi- 
nitely fixed,  but  it  is  intended  that  it  shall  be  the  largest  and  most 
comprehensive  Engineering  Congress  ever  held;  that  the  progress  made 
in  every  branch  of  the  Profession  in  the  past  decade  be  thoroughly 
reviewed,  and  the  latest  developments  and  most  approved  practices, 
accurately  stated  by  the  leading  engineers  of  the  world. 

The  papers,  which  will  be  collected  and  published  by  the  Congress, 
should  form  an  invaluable  engineering  library,  and  it  is  intended  that 
this  publication  shall  be  in  such  form  and  at  such  cost  as  to  become 
available  to  the  greatest  possible  number. 

The  various  committees  are  now  actively  at  work,  and  it  is  hoped 
that  further  and  more  definite  announcements  as  to  the  membership 
fees,  schedules  of  papers,  etc.,  can  be  made  in  the  very  near  future. 

SEARCHES   IN  THE   LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 
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The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 


PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

*  Proceedings,  Vol.  XXXIII,  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

Tho  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
June.  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  ^feclianics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  s\ich  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

February  2ist,  1913. — The  meeting  was  called  to  order;  President 
Wing  ill  tlie  cliair;  E.  T.  Thurston,  Jr.,  Secretary;  and  present,  also, 
60  members. 

President  Wing  delivered  his  Inaugural  Address. 

A  paper  by  H.  A.  Campbell,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Some  Glimpses  and  Criticisms  of  Public  Work  in  San  Francisco," 
was  presented  by  the  author,  who  illustrated  his  remarks  with  stereopti- 
con  views  of  various  types  of  municipal  work. 

Adjourned. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409  Equitable 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  ]\[inutes  of  Meetings) 

March  8th,  1913. — The  meeting  was  called  to  order;  President 
Ketclunn  in  the  chair;  G.  N.  Ilou-ston,  Secretary;  and  present,  also, 
17  members  and  17  guests. 

President  Ketchum  introduced  Mr.  Piatt  Rogers,  who  addressed 
the  meetinir  in  the  interests  of  The  Citizens'  Protective  League. 
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Raymond  F.  Walter,  M.  Am.  Soc.  C.  E.,  presented  a.  paper  on  the 
"Work  of  the  Eeclamation  Service,"  ilkistrating  his  remarks  with 
lantern  slides. 

The  question  of  the  National  Engineering  Congress  to  be  held 
at  the  Panama-Pacific  Exposition  in  San  Francisco  in  1915,  was  pre- 
sented by  George  G.  Anderson,  M.  Am.  Soc.  C.  E.,  who  urged  the 
Association  to  give  the  matter  its  moral  and  financial  support.  Having 
been  moved  and  seconded,  the  question  of  financial  assistance  was 
referred  to  the  Executive  Committee. 

Adjourned. 

April  i2th,  1913. — The  meeting  was  called  to  order;  President 
Ketchum  in  the  chair;  G.  N.  Houston,  Secretary;  and  present,  also, 
13  members  and  20  guests. 

The  minutes  of  the  meeting  of  March  8th,  1913,  were  read  and 
approved. 

A  paper,  entitled  "Structural  Steel,"  by  A.  F.  Reichman,  M.  Am. 
Soc.  C.  E.,  was  presented  by  the  author,  and  the  subject  was  generally 
discussed  by  those  present. 

A  vote  of  thanks  was  extended  to  Mr.  Reichman  for  his  paper. 

Adjourned. 

Atlanta  Association 

On  March  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
oificers:  Arthur  Pew,  President;  William  A.  Hansell,  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazlehurst  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  University  Club. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architekten-Verein  zu  Berlin,    Wilhelmstrasse    92,   Berlin   W.    66, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
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Boston  Society  of  Civil  Engineers,  715  Tremoiit   Temple,  lioston, 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amalie<iade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,    Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 

Canada. 
Engineers'  Society  of    Northeastern   Pennsylvania,    302    Board    of 

Trade  Building,  Scran  ton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 
Institution    of    Engineers   of    the  River  Plate,    Buenos   Aires,   Ar- 
gentine Republic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,    39    Victoria   Street,   Westminster, 

S.  W.,  Loudon,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 

Orleans,  La. 
Memphis  Engineering  Society,  Memphis,  Tenn. 
Midland    Institute    of    Mining,    Civil    and    Mechanical    Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and   Mechanical   Engineers, 

Newcastle-upon-Tyne,  England. 
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Oesterreichischer    Ingenleur-     und     Archltekten-Verein,    Eschen- 

bachgasse  9,  Vieuua,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Archltekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

I'ekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE   LIBRARY 

(From  April  2(1  to  May  3d,  1913) 
DONATIONS* 
ASPHALT  CONSTRUCTION  FOR  PAVEMENTS  AND  HIGHWAYS: 

A  Pocketbook  for  Engineers,  Contractors,  and  Inspectors.  By 
Clifford  Richardson,  M.  Am.  Soc.  C.  E.  Roan.  7  x  4^  in.,  illus., 
9  4-  155  pp.  ]Srew  York  and  London,  McGraw-Hill  Book  Company, 
1913.     $2.00. 

This  pocket-book  has  been  prepared,  the  autlior  states,  as  an  aid  to  highway 
engineers,  contractors,  and  inspectors,  in  the  details  necessary  to  complete  suc- 
cess in  the  construction  of  sheet  asphalt  pavements.  The  subject-matter  is  said 
to  be  based  on  the  author's  personal  experience  in  such  work,  extending  over  thirty- 
five  years,  and  relates  in  detail  to  the  procedure  which  must  be  followed  by 
the  contractor  and  highway  engineer,  inexperienced  in  such  work,  to  select  the 
best  materials  and  to  organize  a  force  which  will  produce  the  best  results  with 
such  material,  in  the  construction  of  such  pavements.  As  the  book  is  intended 
for  reference  it  is  published  in  its  present  form,  in  order  that  it  may  be  easily 
carried  in  a  coat  pocket.  The  Contents  are  :  Introductory  :  Broken  Stone ;  Foun- 
dation ;  The  Intermediate  Course  ;  The  Mineral  Aggregate ;  Filler  or  Dust :  Native 
Bitumens  :  Fluxes  ;  Asphalt  Cement ;  Surface  Mixtures  ;  Maintenance  and  Repairs  ; 
The  Plant ;  Work  Upon  the  Streets  ;  Advice  to  Engineers,  Contractors  and 
Inspectors  ;  Laboratory  ;  Methods  for  Examination  of  Bituminous  Materials  and 
Mineral  Aggregates  :  Instructions  for  Taking  Samples  and  Specimens  of  Materials 
for  Examination  ;   Index. 

SPECIFICATIONS  FOR  STREET  ROADWAY  PAVEMENTS 

With  Instructions  to  Inspectors  on  Street  Paving  Work.  By 
S.  Whinery,  M.  Am.  Soc.  C.  E.  Second  Edition,  Revised,  Enlarged, 
and  Entirelv  Reset.  Cloth,  9^1  x  6^  in.,  illus.,  10  +  116  pp.  New 
York  and  London,   McGraw-Hill  Book  Company,  1913.     $1.00. 

The  first  edition  of  this  book  was  published  in  1907,  since  which  time,  great 
advances  have  been  made  in  the  design  and  construction  of  street  pavements  and 
in  specifications  for  such  work.  In  this  nev/  edition,  the  author,  it  is  stated,  has 
revised  and  enlarged  the  original  specifications  to  conform  to  such  advance,  es- 
pecially as  to  form,  scope,  and  phraseology.  He  has  also  added  specifications  for 
two  comparatively  new  kinds  of  roadway  pavement  and  for  concrete  sidewalk  and 
concrete  combined  curb  and  gutter,  as  well  as  a  second  part.  Instructions  to 
Inspectors,  in  which  a  complete  and  comprehensive  code  of  instructions  for  pave- 
ment inspectors,  is  given.  The  Contents  are  :  Part  I,  Specifications  :  Introductory  ; 
Spe(!iflcations :  General  ;  Foundations  ;  Sheet  Asphalt  Pavement ;  Asphalt  Block 
Pavement ;  Granite  Block  Pavement ;  Brick  Pavement ;  Wood  Block  Pavement ; 
Bituminous  Concrete  Pavement ;  Hydraulic  Concrete  Pavement ;  Experimental  or 
Untried  Pavements  ;  Concrete  Curb  and  Gutter ;  Concrete  Sidewalks.  Part  II, 
Instructions   to    Inspectors. 

CIVIL  ENGINEERS'  POCKET-BOOK  : 

A  Reference-Book  for  Engineers,  Contractors,  and  Students,  Con- 
taining Rules,  Data,  ]\Iethods,  Formulas,  and  Tables.  By  Albert  I. 
Frye,  M.  Am.  Soc.  C.  E.  Leather,  7  x  U  in.,  illus.,  42  +  1  611  pp. 
New  York,  D.  Van  Nostrand  Company;  London,  Constable  and 
Company,  Ltd.,  1913.    $5.00.     (Donated  by  the  Author.) 

The  preparation  of  notes  for  this  volume,  which  includes  rules,  data,  methods, 
formulas,  and  tables  for  bridges,  buildings,  water-works,  sewers,  surveys,  etc.,  was 
begun,  it  is  stated,  several  years  ago.  The  arrangement  of  the  subject-matter  in 
numbered  Sections  is  such  that  all  the  general  data  may  be  found  readily 
from  the  Table  of  Contents.  At  the  end  of  many  of  the  Sections  references  to 
valuable  data  in  leading  technical  publications  will  be  found.  Special  attention 
is  Invited  by  the  author  to  the  vast  number  of  tables,  their  completeness  and 
arrangement,  nearly  all  of  which  are  stated  to  have  been  subjected  to  test  in  prac- 
tical  work.      The   logarithmic  tables   are   stated   to   comprise   both   the   common   and 

•  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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hyperbolic  systems,  the  latter  being  useful  in  certain  bridge  calculations  and  in 
steam  engineering,  and  both  the  logarithmic  and  trigonometric  tables  are  carried  out 
to  five  decimal  places.  The  tables  of  cubes  and  squares  will  be  found  useful,  it  is 
said,  to  the  structural  detailer,  having  been  calculated  by  the  incremental,  additive 
method  which  is  self-checking.  At  the  end  of  the  book  the  author  has  included  an 
extensive  Glossary  and  an   Index. 

AN  APPRECIATION  OF  TWO  GREAT  WORKERS  IN  HYDRAULICS  : 

Giovanni  Battista  Venturi,  Born  1746,  Clemens  Herschel,  Born 
1842.  By  Walter  G.  Kent.  Cloth,  10  x  TJ  in.,  illus.,  34  pp.  London, 
Blades,  East  &  Blades,  1912.     (Donated  by  the  Author.) 

This  book,  it  is  said,  is  a  brief  review  of  the  characteristics  and  work  of  two 
great  contributors  to  the  theory  and  practice  of  hydraulics  :  Venturi,  who  by  his 
perseverance,  discovered  the  precise  operation  and  underlying  principles  of 
certain  hydraulic  phenomena,  and  Herschel,  who  by  his  invention  of  the  Venturi 
meter,  applied  these  principles  and  opened  the  way  to  greater  economy  and  efficiency 
in  the  practical  work  of  his  profession.  The  author  states  that  the  purpose  of  the 
bonk  will  be  served  if  those  who  hear  the  name  of  Venturi  will  thereby  be  reminded 
of  that  of  Herschel  and  give  both  men  the  honor  that  is  their  due. 

INTRODUCTION  A  LA  SCIENCE  DE  L'INQENIEUR 

Aide-Memoire  des  Ingenieurs,  des  Architectes,  etc.,  Partie  Theorique. 

Par   J.    Claudel.      Huitieme   Edition,    Entierement   Refondue,    Revue, 

et  Corrigee,  par  Georgies  Davies.    Paper,  9  x  5|  in.,  illus.,  2  vol.    Paris, 

H.  Dunod  et  E.  Pinat.  1913.    28  francs. 

The  success  of  this  work,  it  is  stated,  is  due  largely  to  the  amount  and  variety  of 
practical  matter  contained  therein.  The  subject-matter,  the  character  of  which 
remains  practically  the  same  as  in  former  editions,  has  been  thoroughly  revised  and 
modified  to  conform  to  present  methods  of  instruction  in  technical  schools,  the  old 
mathematical  and  mechanical  characters  having  been  replaced  by  modern  ones.  The 
chapter  on  Geometry  is  stated  to  be  entirely  new,  as  well  as  the  special  chapters  on 
Graphical  Calculations  and  Mechanics,  some  new  ideas  in  regard  to  the  theory  of 
potential  and  elasticity  having  been  introduced  into  the  latter  chapter.  The  chapters 
on  Algebra  and  Analytical  Geometry  have  been  considerably  enlarged  and  are  said 
to  contain  all  that  is  necessary  to  the  study  of  resistance,  hydraulics,  electricity,  etc. 
The  chapter  on  Topography  has  also  been  enlarged  and  the  instructions  made  to  con- 
form to  modern  practice.  The  Contents  are :  Vol.  I,  Arithmetique ;  Algebre ;  Geo- 
metrie  ;  Trigonometre ;  Topographie.  Vol.  II.  Calcul  Diflerentiel  et  Integral  ;  Geo- 
mgtrie  Analytique  ;  Calcul  Graphique  et  Mecanique  ;  Mecanique  ;  Geometric  Descrip- 
tive ;   Dessin  Graphique  et  Lavis. 

McGRAW  ELECTRIC  RAILWAY  MANUAL,  1913: 

The  Bed  Book  of  American  Electric  Railway  Investments.  Edited 
by  Frederic  jSTicholas.  Tvs^entieth  Annual  Number.  Cloth,  13  x  10  in., 
illus.,  39  +  342  pp.  New  York,  McGraw  Publishing  Company, 
Inc.,  1913.    $Y.50. 

The  1913  edition  of  this  book  follows,  it  is  stated,  the  general  principles  of 
the  previous  editions  with  the  necessary  modifications.  It  is  said  to  be  a  manual  of 
the  securities,  traffic  statistics,  earnings,  officers,  directors,  and  equipment  of  street 
and  interurban  railways  of  the  United  States,  Canada,  Cuba,  and  the  West  Indies. 
The  subject-matter  is  arranged  alphabetically  by  States  and  cities,  and  under  each 
railway  is  given  a  brief  history  of  the  company,  its  capital  stock,  funded  debt, 
the  earnings,  expenses,  and  disposition  of  incomes  for  three  consecutive  years, 
track  and  equipment,  names  and  addresses  of  officers,  and  addresses  of  general  offices, 
repair  shops,  etc.  Maps  showing  the  main  and  connecting  lines,  as  well  as  the 
location  and  nature  of  the  properties,  of  many  of  the  larger  companies  are  included. 
At  the  end  of  the  book  a  list  of  street  and  interurban  railway  associations  is  given, 
with  the  names  and  addresses  of  their  officers.  There  is  also  an  Index  of  ten 
pages  of  the  railway  companies  included  in  the  Manual. 

PANAMA,  PAST  AND  PRESENT. 

By  Farnham  Bishop.     Cloth,  8  x  5^  in.,  illus.,  16  +  271  pp.     New 

York,  The  Century  Co.,  1913.    75  cents. 

In  the  Introduction  to  this  book  it  is  stated  to  be  a  popular  treatise  on  the 
Panama  Canal,  made  up,  as  stated  in  the  preface,  of  fighting  and  machinery.  Chap- 
ters I  to  X  have  to  do  with  the  history  of  Panama  from  its  earliest  times,  including 
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many  thrilling  and  interesting  details,  of  how  the  Americans  built  the  Panama  Rail- 
road in  the  jungle,  and  how  the  French  Company  attempted  to  dig  the  Canal.  Chap- 
ters XI  to  XVI.  are  devoted  to  the  Panama  of  to-day.  including  descriptions  of  the 
-•sanitary  work  accomplished  by  the  American  officials,  the  Canal,  the  employees, 
their  work  and  play,  etc.  The  author  is  the  son  of  Joseph  Bucklin  Bishop,  the  Sec- 
retary of  the  Isthmian  Canal  Commi.ssion,  from  whom  and  many  others  he  has 
obtainrd  his  information.  The  Chapter  headings  are  :  Geographical  Introduction  :  How 
Columbus  Sought  for  the  Strait  ;  How  the  Spaniards  Settled  in  Darien  ;  How  Nunez 
de  Balboa  Found  the  South  Sea  :  How  Pedrarias,  the  Cruel,  Built  Old  Panama  ;  How 
Sir  Francis  Drake  Raided  the  Isthmus  ;  How  Morgan,  the  Buccaneer,  Sacked  Old 
Panama;  How  the  English  Failed  to  Take  New  Panama;  How  the  Americans  Built 
the  Panama  Railroad  ;  How  the  French  Tried  to  Dig  the  Canal  ;  How  Panama  Be- 
came a  Republic  :  How  the  Isthmus  was  Made  Healthy  :  How  We  Are  Building  the 
Canal  ;  How  We  Live  on  the  Isthmus  To-Day :  How  Colonel  Goethals  Has  Made 
Good  :  What  the  Future  May  Bring  Forth  ;  .Appendix  :  Columbus  and  Limon  Bay  ; 
Matachin  :  Panama  and  the  Pan-American  Railroad  ;  Spillway,  Gatun  Dam  ;  The 
Spanish  Main  ;  Piece  of  Eight ;  Value  of  the  $40  000  000  French  Purchase  ;  Canal 
Work,  May  1,  1912  ;  Canal  Statistics  ;  Panama  Canal  Toll  Rates  ;  Index. 

THE  ENGINEERING  INDEX  ANNUAL  FOR  1912. 

Compiled  from  the  Engineering  Index  Published  ]\ronthly  in  the 
Engineering  Magazine  During  1912.  Twenty-ninth  Year.  Cloth, 
10:J^  X  7i  in.,  8  -\-  510  pp.  New  York  and  London.  The  Engineering 
:\Iagazine  Co.,  1913.     $2.00. 

This  volume  of  The  Engineering  Index,  together  with  the  ten  volumes  previously 
published,  forms  a  continuous  index  to  the  engineering  and  technical  literature  of 
the  past  29  year.<^,  up  to  October,  1912.  The  arrangement  of  the  subject-matter 
remains  the  same  as  in  previous  volumes,  the  articles  being  first  grouped  under  such 
engineering  divisions  as  Civil,  Electrical,  Industrial  Economy,  Marine  and  Naval 
Engineering.  Mechanical,  Mining  and  Metallurgy.  Railway,  and  Street  and  Electric 
Railways.  They  are  then  divided  into  special  recognized  divisions  of  those  sub- 
jects, and  are  afterward  sorted  into  closely  related  sections,  the  final  arrange- 
ment under  each  section  being  alphabetical.  Serial  articles,  with  a  few  exceptions, 
are  indexed  under  the  first  installment.  The  Index  comprises  about  250  periodicals, 
including  English,  German,  French.  Spanish.  Italian,  and  Dutch  journals.  With 
each  entry  are  given  the  title,  author,  a  brief  descriptive  note  defining  the  scope  and 
purport  of  the  article,  the  number  of  words  it  contains,  the  name  and  date  of  the 
periodical,  and,  in  many  cases,  the  price,  the  Index  being  intended  as  a  guide  to  the 
information  contained  in  technical  periodicals  on  engineering  literature  and  closely 
allied  subjects.  An  alphabetical  list  of  periodicals  is  given,  including  name,  issues 
per  year,  and  place  of  publieatiou  and  there  is  also  a  Classification  of  the  Index 
which  gives  the  main  and  sub-heads  of  the  arrangement,  as  well  as  every  catch-word, 
with  page  references. 

Gifts  have  also  been  received  from  the  following: 

Am.  Electrochemical  Soc.      1  vol.  Canadian  Min.  Inst.     1  vol. 

Am.  Inst,  of  Min.  Engrs.     1  bound  vol.  Chicago  San.  Dist.     1  bound  vol. 

Am.  Ry.  Bridge  and  Bldg.  Assoc.      1  vol.  Cincinnati  Northern  R.  R.  Co.     1  pam. 

Am.  Ry.  Eng.  Assoc.     3  pam.  Clark.  Roscoe  N.     4  pam. 

Arnold,   Bion   J.      2  bound  vol.,   1  pam.  Cleveland.  Ohio-River  and  Harbor  Comm. 

Assoc.    Amicale    des    Anciens    Eleves    de  1   pam. 

I'Ecole     Centrale     des     Arts     et     des  Cleveland,      Cincinnati,      Chicago     &      St. 

Manufactures.      1   vol.  Louis  Ry.  Co.     1  pam. 

Baltimore,  Md. -Harbor  Board.      1  pam.  Colorado-Bureau  of  Mines.      1  bound  vol. 

Bengal,   India-Irrig.  Dept.     1  pam.  Colorado-State   .A.gri.    Coll.      1   pam. 

Bibbins,  James  Rowland.     1  bound  vol.  Colorado-State  R.  R.  Comm.      1  pam. 

Branner,   John   C.      1   pam.  Colorado,   Univ.   of.      1  vol.,   1   pam. 

Brookline.  Mass. -Water  Board.     1  pam.  Columbia  Univ.      1  pam. 

Bureau  of  Ry.  Economics.  2  pam.  Connecticut  -  Public  Utilities  Comm.  1 
Burgess.  H.      1  vol.,   1  pam.  bound  vol. 

California-Dept.  of  Eng.  3  vol.  Connecticut-Rivers,  Harbors  and  Bridges 
California-R.  R.  Comm.     1  bound  vol.  Comm.      1    pam. 

California-State    Conservation    Comm.      1  Delaware-Oyster    Survey   Comm.      1    pam. 

vol.  de  Varona,  I.  M.     1  pam. 

California-State    Min.    Bureau.      1    bound  Dist.  of  Columbia-Insp.  of  Bldgs.     1  vol. 

vol.  Engrs.  Club.      1  bound  vol. 

California-State  Water  Comm.      2  vol.  Engrs'.    Soc.    of    Pennsylvania.      1    vol. 

Canada-Dept.     of     Mines.       0     pam.,     11  Fairmount  Park  Art  Assoc.      1  pam. 

maps.  Fitchburg,   Mass. -City  Engr.      1  pam. 

Canada-Dept.     of    Rys.     and     Canals.       1  Florida-R.  R.  Comm.      1   pam. 

pam.  Ford,  Frederick  L.      1   pam. 

Canada-Supt.  of  Forestry.      1  pam.  Goodrich,  E.  P.     2  pam. 
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Great  Britain-Road  Board.      2  pam. 
Haviland,    Dozier    &    Tibbetts.      1    pam. 
Hedde,   Peter.      1  bound  vol. 
Honolulu,  TIawaii-San.  Comm.      1   pam. 
Illinois-Highway   Comm.      4  pam. 
Illinois-State    Canal    Commrs.      1    bound 

vol. 
Institution  of  Civ.  Engrs.     1  bound  vol. 
Iowa-State  Library.      1   pam. 
.lameson,   Charles  Davis.     1  pam. 
Jurgensen,   D.  F.     3  pam. 
Kansas-Public   Utilities   Comm.      1   vol. 
Kansas-State    Board    of    Agri.       1    bound 

vol. 
Kentucky-Commr.    of    Public    Roads.       3 

pam. 
Kentucky-R.  R.  Comm.     1  map. 
Koninklijk    Instituut    van    Ingenieurs.      1 

pam. 
Leominster,  Mass. -Water  Board.      1  pam. 
Lewiston,   Me.-Water  Board.      1   pam. 
Little     Falls,     N.     Y.  -  Board     of     Public 

Works.      1  pam. 
Louisiana-Board    of    Agri.    and    Immigra- 
tion.    2  pam.,   1  map. 
McBean,  D.  D.     1  pam. 
Madras,     India-Public     Works     Dept.       1 

para. 
Maine-Registrar    of    Vital    Statistics.       1 

bound  vol. 
Massachusetts-Board  of  Harbor  and  Land 

Commrs.     1  bound  vol. 
Massachusetts-R.    R.    Commrs.      1    bound 

vol. 
Massachusetts- Wachusett   Mountain    State 

Reservation  Comm.     2  pam. 
Mexican  Ry.  Co.,  Ltd.     2  pam. 
Michigan  Central  R.  R.  Co.     1  pam. 
Miller,  Cyrus  C.     1  pam. 
Minneapolis  &  St.  Louis  R.  R.  Co.    1  pam. 
Missouri,  Univ.  of.     3  pam. 
National   Fire  Protection  Assoc.      1   pam. 
Nebraska,  Univ.  of.     1  pam. 
Nevada-State  Engr.     3  pam. 
New     Jersey-Board     of     Equalization     of 

Taxes.      1    pam. 
New  Jersey-Commr.   of  Public  Roads.     1 

bound  vol. 
New   York  City-Dept.   of  Docks   and   Fer- 
ries.    2  pam. 
New   York   City-Dept.   of   Parks.      2   pam. 
New  York  City-Met.   Sewerage  Comm.      2 

pam. 
New    York    State-Public    Service    Coram., 

First  Dist.     1  bound  vol. 
New  York-State  Reservation  at   Saratoga 

Springs.      1  pam. 
New  York,  Chicago  &  St.  Louis  R.  R.  Co. 

1  pam. 
Newburgh,      N.      Y.  -  Board      of      Water 

Commrs.     1  para. 
North   Carolina-Geol.   and   Economic   Sur- 
vey.    2  pam. 
Ohio-Geol.   Survey.     1  bound  vol. 


Ohio-Highway  Dept.      1  pam. 
Ohio-State  Board  of  Health.     1  bound  vol. 
Ohio  Elec.   Light  Assoc.      1   pam. 
Oregon-State  Engr.     2  pam. 
Oregon-State  Library.     1  pam. 
Pennsylvania  R.  R.  Co.     1  pam. 
Pennsylvania  State  Coll.     1  vol. 
Peoria  &  Eastern  Ry.  Co.     1  pam. 
Permanent     Inter.     Assoc,     of     Cong,     of 

Navigation.     10  pam. 
Pulligny,   Jean   de.      1  pam. 
Punjab,  India-Public  Works  Dept.    1  pam. 
Reibling,  W.  C.      1  pam. 
Rhode    Island-Shell    Fisheries    Comm.      1 

pam. 
Rutland,  Vt.-City  Clerk.     1  para. 
Rutland  R.  R.  Co.     1  pam.  , 

Saginaw,   Mich. -Board  of  Water  Coramrs. 

1  pam. 
St.   Louis,   Mo.,   Merchants'   Exchange.      1 

vol. 
Smithsonian  Institution.     4  pam. 
Societe   des   Ingenieurs   Civils   de   France. 

1  vol. 
Soc.  for  the  Promotion  of  Eng.  Education. 

1  bound  vol. 
Soc.  of  Chemical  Industry.      1  pam. 
South  African  Eng.  Standards  Committee. 

3  pam. 
South    Dakota-R.    R.    Commrs.      1    bound 

vol. 
Springfield,  Mass. -Water  Commrs.     1  vol. 
Syracuse  Univ.     1  vol. 
Taunton,  Mass. -Water  Commrs.     1  pam. 
Tonindustrie-Zeitung.      2    pam. 
Toronto,   Hamilton   &   Buffalo  Ry.   Co.      1 

pam. 
Toronto,  Univ.  of.     1  vol. 
Union   Pacific  R.   R.   Co.- Educational   Bu- 
reau.     1  para. 
U.   S. -Bureau    of   Mfrs.      1    bound    vol.,    1 

para. 
U.  S. -Bureau  of  Mines.     6  pam. 
U.  S. -Bureau  of  Standards.     3  para. 
U.  S. -Bureau  of  Statistics.     1  pam. 
U.   S. -Census    Bureau.      2    bound    vol.,    1 

pam. 
U.  S.-Chf.  of  Engrs.     26  specif. 
U.   S. -Coast     and     Geodetic     Survey.       2 

bound  vol.,  4  para. 
U.  S. -Corps  of  Engrs.     1  pam. 
U.  S. -Forest  Service.     32  para. 
U.  S.-Geol.   Survey.     2  bound  vol.,  7  vol., 

5   para.,    61   maps. 
U.  S. -Interstate  Commerce  Comm.     1  vol. 
U.  S.-Navy  Dept.     1  vol. 
U.  S. -Office  of  Public  Roads.     1  pam. 
U.   S. -Weather   Bureau.      3   bound  vol.,    7 

pam. 
Vermont,  Univ.  of.      1  vol. 
Washington-State  Board  of  Tax  Corarars. 

1  pam. 
West  Virginia-Geol.  Survey.     4  bound  vol. 


BY  PURCHASE 

Reports  of  Decisions  of  the  Public  Service  Commission,  First  Dis=- 
trict,  of  the  State  of  New  Yoric ;  Vol.  2,  Sept.  1st,  1909,  to  January  1st, 
I9l2.     Puljlislied  l)v  tlie  Commission,  New  York,  1912. 

Industrial  Chemistry  :  A  Manual  for  the  Student  and  Manufacturer. 
Edited  by  Allen  Rogers  and  Alfred  B.  Aubert.  D.  Van  Nostrand  Com- 
pany, New  York,  1913. 
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Winding  Engines  and  Winding  Appliances,  Tlieir  Design  and  Eco- 
nomical AVorkint;.  By  George  McCulloch  and  T.  ("ninpljell  Futers. 
Edward  Arnold,  London.  1912. 

The  Elements  of  Machine  Design,  Pt.  2  :  Chiefly  on  Engine  Details. 
By  W.  (awtliorne  Unwiu  and  A.  L.  Mellanby.  New  and  Revised 
Edition.     Longmans,  Green  and  Co.,  New  York  and  London,  1912. 

A  Handbook  of  Land  Drainage,  Priiicii^ally  Based  Upon  the  Require- 
ments ol'  the  Syllabus  Issued  by  the  Surveyors'  Institution.  By  G.  S. 
Mitchell.     Third  Edition.     Lancl  Agents'  Record,  Limited,  London. 

Mitteilungen  uber  Forschungsarbeiten  auf  dem  Gebiete  des  In- 
genieurweseus,  nisbesoiulere  aus  den  Laboratorien  dor  technischen 
Hochschulen.  Ilerausgegeben  vom  Verein  deutscher  Ingenieure.  Hefte 
131-132.     Julius  Springer,  Berlin,  1913. 

The  Elements  of  Heating  and  Ventilation:  A  Text-Book  for  Stu- 
dents, Engineers  and  Architects.  By  Arthur  M.  Greene,  Jr.  John 
"Wiley  &  Sous,  New  York;  Chapman  A:  Hall,  Limited,  London,  1913. 

The  Gas,  Petrol,  and  Oil  Engine,  A'ol.  2:  The  Gas,  Petrol  and  Oil 
Engine  in  Practice.  By  Dugald  Clerk  and  G.  A.  Burls.  New  and  Re- 
vised Edition.     John  Wiley  &  Sons,  New  York,  1913. 

The  Theory  and  Practice  of  Working  Plans  (Forest  Organization). 
By  A.  B.  Hecknagel.  John  Wiley  &  Sons,  New  York;  Chapman  & 
Hall,  Limited,  London,  1913. 

American  Mine  Accounting:  Methods  and  Forms  Employed  by 
Leading  Mining  Companies.  By  W.  PL  Charlton.  McGraw-Hill  Book 
Co.,  New  York  and  London,  1913. 

Electric  Furnaces  in  the  Iron  and  Steel  Industry.  By  W.  Roden- 
hauser  and  I.  Schoenawa.  From  Advance  Sbeets  of  the  Second  German 
Edition.  Authorized  Translation  and  Additions  by  C.  H.  Vom  Baur. 
John  Wiley  &  Sons,  New  York  ;  Chai)man  &  Hall,  Limited,  London, 
1913. 

Design  of  Polyphase  Generators  and  Motors.  By  Henry  M.  Hobart. 
McGraw-Hill  Book  Co.,  New  York  and  London,  1913. 

Synchronous  Motors  and  Converters:  Theory  and  Methods  of  Calcu- 
lation and  Testing.  By  Andre  E.  Blondel.  Translated  from  the  French 
by  C.  O.  Mailloux,  with  Additional  Chapters  by  Comfort  A.  Adams. 
McGraw-Hill  Book  Co.,  New  York  and  London,  i9l3. 

Worm  Gearing.  By  Hugh  Kerr  Thomas.  McCiraw-IIill  Book  Co., 
New  York  and  London.  1913. 

Evolution  of  the  Internal  Combustion  Engine.  By  Edward  Butler, 
Charles  Grifhn  &  Company,  Limited,  London,  1912. 

Analytical  Chemistry.  Yol.  2  :  Quantitative  Analysis.  By  F.  P. 
Tread  well.  Authorized  Translation  from  the  (German,  by  William  T. 
Hall.  Third  Edition,  Revised  and  Enlarged.  John  Wiley  &  Sons, 
New  York  ;  Chapman  &  Hall,  Limited,  London,  1912. 
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Determinative  Mineralogy  with  Tables  for  the  Determination  of 
Minerals  by  Means  of  Their  Chemical  and  Physical  Characters.  By 
J.  Yolney  Lewis.  John  Wiley  &  Sons,  New  York  ;  Chapman  &  Hall, 
Limited,  Loudon,  1913. 

/Vlanual  of  Wireless  Telegraphy  and  Telephony.  By  A.  Frederick 
Collins.  Third  Edition,  Revised  and  Enlarged.  John  Wiley  &  Sons, 
New  York;  Chapman  &  Hall,  Limited,  London,  1913. 

A  Manual  of  Cement  Testing  for  the  Use  of  Engineers  and  Chemists 
in  Colleges  and  in  the  Field.  By  William  Allyn  Richards  and  Henry 
Briggs  North.     D.  Yan  Nostrand  Company,  New  York,  1912. 

Transmission  Line  Formulas  for  Electrical  Engineers  and  Engineer- 
ing Students.  By  Herbert  Bristol  Dwight.  D.  Yan  Nostrand  Company, 
New  York,  1913. 

An  Introduction  to  the  Study  of  Fuel :  A  Text  Book  for  Those 
Entering  the  Engineering,  Chemical  and  Technical  Industries.  By  F.  J. 
Brislee.     D.  Van  Nostrand  Company,  New  York,  1912. 

Boundaries     and     Landmarks :     A    Practical    Manual.     By   A.    C. 

Mulford.     D.  Yan  Nostrand  Company,  New  York,  1912. 

Statische  Berechnung  von  Tunnelmauerwerk :  Gruudlagen  und 
Anwendung  auf  die  wichtigsten  Belastungsfalle.  Yon  Otto  Kommerell. 
Wilhelm  Ernst  &  Sohn,  Berlin,  1912. 

Taschenbuch  fur  Kanalisations=Ingenieure.  Yon  K.  Imhoff.  Zweite 
Auflage.     R.  Oldenbourg,  Miinchen  und  Berlin,  1912. 


SUMMARY   OF  ACCESSIONS 

(From  April  2d  to  May  3d,  1913) 

Donations  (including  21  duplicates) 366 

By  purchase 25 

Total 391 
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MEMBERSHIP 
ADDITIONS 

(From  April  4th  to  May  8tli,  1913) 

MEMBERS  Date  of 

Membership. 
Bouillon,  Alfred  Victor.     Civ.  and  Mech.  Engr.    (H.  K. 

Owens-A.  V.  Bouillon),  Empire  Bldg.,  Seattle,  Wash.  April  2,  1913 

BuKT,  Luther  Harold.     (L.  W.  Burt  &  Son),  |    Assoc.  M.  Nov.  1,  1910 

39   Pearl    St.,   Hartford,   Conn \   M.  April  2,   1913 

Butler,  John  Soule.    U.  S.  Asst.  Engr.,  U.  S.  i    Assoc.  M.  Mar.  4.   1908 

Engr.  Onice.   Nashville,  Tenn (   M.  April  2,   1913 

Camerox.  Hauuy  Frank.     Div.  Engr.,  Bureau   ^     .  ,r  ^  ..  ^  ,^,^« 

-■       ,,.      „.     ,        ^,     .,     °    '  ...      .       /   Assoc.  M.  Oct.  2,  1907 

of    Public     vVorks,    Manila,     Philippine  I  ,,  „  ,  .  ,„,„ 

T  ,      ,  '  ^  t  M.  Feb.  4,  1913 

Islands \ 

Dusenbury,  Allan  Theodore.  Vice-Pres.  and  Chf.  Engr., 
Louisiana  Meadows  Co.,  901  Maison  Blanche  Bldg., 
New    Orleans,    La April     2,   1913 

Ellms,  Joseph  Wilton.     Cons.  Engr.    (Pollard  &  Ellms), 

C03   Miles   Greenwood  Bldg.,   Cincinnati,   Ohio April     2,  1913 

Evans,  Joseph  Dean.     Constr.  Mgr.,  Elec.  Bond  &  Share 

Co.,  71  Broadway,  New  York  City    (Res.,  Alta  Ave., 

Park  Hill,   Yonkers,   N.   Y.) April     2,   1913 

Graves,    Edward    Michael.      Pres.,    Central  \    .  ,,  r.    ,/^/^/^ 

^     ,   •         ^         ^.^     T.     ,    ^  ,,        -.,,1       r  Assoc.  Mar.      2,  1909 

Dredging    Co.,     542     Rockefeller    Bldg.,  ' 


^  M.  April     2,  1913 


Cleveland,    Ohio 

Gray,     Alexander.     Asst.     Engr.-in-Chg.,     Upper     Ottawa 
Storage,   Dept.    of    Public   Works,    Canada,    Box    560, 
Ottawa,   Ont.,   Canada April     2,   1913 

Greth,   John   Charles   William.     Mgr.,   Water   Purifying 

Dept.,    William    B.    Scaife    &    Sons    Co.,    221    First 

Ave.,    Pittsburgh,   Pa Mar.      4,   1913 

Harris.  Guy  Walter.    Chf.  Engr.,  A.,  T.  &  S.  ^     .  t,t      t  =    ^nn■7 

,  ,    .^  ^.  ,       \r         .       /    Assoc.  M.     June      5,  1907 

F.  Ry..    1005   Kerckhoff  Bldg.,  Los  An-  I    ^  ^^^       ^^   ^^^3 

geles,    Cal ) 

Harvey,    Herbrand.      Care,    S.    Pearson    &    Son,    Inc.,    507 

Fifth    Ave.,    New    York    City April     2,1913 

Haynes,  George  Albert.     Engr.,  The  Modern  \  ^^^^^   ^      ^  2    1908 

Steel    Structural    Co.,    207    McCall    St.,  U^       '      "      j^^^.j     ^  ^g^^ 

Waukesha,    Wis ) 

Henderson,  Henri   Herbert.     Civ.   and   Hydr.    Engr.,   242 

East  Main  St.,  Stockton,  Cal April     2,   1913 

Hess,  Alfred  Elmer.     1108  Park  Ave.,  Williamsport,  Pa.     April     2,  1913 
Howell,    Robert    P.xrsons.      Borough    Engr..  ■.    ^^^^^    ^      ^^^        ^    ^^^^ 

Wasliington  and  Alpha,  N.  J.;  93  South   I   ^^  ^^^^       ^    ^^^^ 

Main  St.,  Phillipsburg,  N.  J )       " 

Kershaw.    George    Bertram    de    Betham.      Cons.    Engr.; 

Engr.  to  The  Royal  Comm.  on  Sewage  Disposal,  West 

Wickhani,    Kent.    England April     2,   1913 
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MEMBERS   (Continued)  u^^h^  °hi 

Kersting,  Felix  John.     Contr.  Engr.,  Missouri  Val.  Bridge 

&  Iron  Co.,  215  Fourth  Ave.,  Leavenworth,  Kans April     2,   1913 

KiLLAM,  Charles  Wilson.    Asst.  Prof.,  Archi-  T 

tectural   Constr.,   Harvard  Univ.;   Cons.       Assoc.  M.     Dee.       4,   1907 
Architectural     Engr.,     20     Walker     St.,    [  M.  April     2,  1913 

Cambridge,  Mass J 

Kxox,  Stuart  Kelsey.     440  William  St.,  East  Orange,  N.  J.     April     2,  1913 

Kriegshaber,  Victor  Hugo.      (V.  H.  Kriegshaber  &  Son), 

330  Candler  Bldg.,  Atlanta,  Ga April     2,  1913 

Mead,  John.      2317  Lincoln  Ave.,  Fort  Worth,  Tex Dec.       3,  1912 

Merrill,  Oscar  Charles.     Chf.  Engr.,   U.  S.  "] 

Dept.    of    Agri.,    Forest    Service,     1025    I   Assoc.  M.     April     6,  1909 
First  National   Bank  Bldg.,   San   Fran-    j   M.  April     2,   1913 

Cisco,  Cal J 

Miller,  Arthur  Barrett.    47  South  Fullerton  Ave.,  Mont- 

clair,   N.  J April     2,   1913 

Parker,  William  Edward.     Asst.,  U.  S.  Coast  and  Geo- 
detic  Survey,   Washington,   D.   C Mar.      4,  1913 

Patstone,  Lewis  Frederick.     620  South  Gilbert  St.,  Ada, 

Ohio April     2,   1913 

Strong,   James   Bookman.      Asst.    Gen.   Mgr.,  )   Assoc.  M.     Oct.       5,  1904 
Ramapo  Iron  Works,  Hillburn,  N.  Y..    [  M.  April     2,   1913 

associate  members 

Adams,  Frank  Hicks.     1002  Gas  and  Elec.  Bldg.,  Denver, 

Colo April     2,  1913 

Bardury,  Juan  Batiste  Hipolyte.    Supt.  of  Constr.,  Porto 

Rico  Irrig.  Service,  Guayama,  Porto  Rico April     2,  1913 

BoES,  Frank  Charles.     110   Springfield   Ave.,   West  New 

Brighton,   N.   Y Mar.      4,   1913 

Buss,    Arthur    Stacey.     Senior    Asst.    Engr.,    Board    of 

Water  Supply,  City  of  New  York,  High  Falls,  N.  Y.  .  April  2,  1913 
Comly,   James   Retzer.     Designing   Engr.,    Office   of    City 

Engr.,    920    Fifth    St.,    San   Diego,    Cal April     2,   1913 

Cullen,  Robert  Emmet.    Asst.  Constr.  Supt.,  J.  G.  White 

&  Co.,  Peak,  S.  C April     2,  1913 

Day,   Ernest   Buel.     Asst.   Engr.,   Hudson   &   Manhattan 

R.   R.,   600   Riverside   Drive,   New   York   City April     2,  1913 

DeLamere,  Charles  Thomas.     Asst.  Dist.  Engr.,  C.  N.  0. 

Ry..    Port  Arthur,   Ont.,    Canada April     2,   1913 

DiGNUM,   Harry  Jocelyn.     Supt.   of  Bldgs.,   Constr.,   and 

Surveys,  Nipe  Bay  Co..  Preston,  Cuba April     2,  1913 

DiNSMORE,  Matthew  Raymond.    Care,^  Ebro  Irrig.  &  Power 

Co.,  Ltd.,   Apartado  No.    1-Tremp,   Provincia   de   Le- 

rida,    Spain Feb.       4,  1913 
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ASSOCIATE  MEMBERS   {Continued)  Date  of 

Membership. 
Farley,  William  Fbederick.    Asst.  Engr.,  Amburaen  Hydr. 

Constr.  Co.  of  Canada,  Ltd.,  322  New  Birks  Bldg., 

Montreal,    Que.,    Canada April     2,   1913 

I'loiEROA,  OcTAvio  Manuel.  Chf.  Insp.  in  Great  Britain 
for  the  Inspection  and  lleception  of  Material  for 
the  Argentine  Govt.,  1  Hamilton  PL,  London,  England.     Jan.       7,   1913 

Flink,   Gustav   Adolf.      301    Coninioiiwealth   Trust   Bldg.. 

Harrisburg,    Pa April     2,   1913 

FoUGNEE,  NicOLAY  KxuDTZON.  Engr.  and  Mgr.  for  the 
Orient,  Trussed  Concrete  Steel  Co..  Care.  Arnhold. 
Karberg    &    Co.,    Hongkong,    China Feb.       4,1913 

Gerhard,  Norman  Paul.     Asst.  Eng..  New  York  Board  of 

Water   Supply,   Scarsdale,   N.   Y April     2,  1913 

Gross,  Henry  McCormick.     Asst.  Engr.,  Board  of  Public 

Works,  23  North  Front  St.,  Harrisburg.   Pa April     2,   1913 

Halsey,  \\allace  Haynes.     Bridge  Hampton,   |    Jun.  Jan.       7,   1908 

N.    Y j  [  Assoc.  M.     April     2,   1913 

Hill,  Frederic  Hamilton.  Chf.  Engr.,  Wilkinson  Foun- 
dry &  Mfg.  Co.,  1101  Washington  St.,  Wilmington, 
Del April     2,  1913 

Johnson,  Granville.     (Monks  &  Jolmson),  7   )    Jun.  Mar.      5,  1907 

Water   St.,   Boston,  Mass i|'  Assoc.  M.     April     2,  1913 

Jordan,  Jame.s  Carey.     Draftsman,  County  Engr.'s  Ouice. 

308  Court  House,  Pittsburgh,  Pa April     2,   1913 

JouiNE,    Georges    Pierre    Ferdinand.     U.    S.  ^    ^  ^  ^  .  ,_.„ 

T     ■        r^-       1?  T>        AtM      XT-  1        /    Jun-  Oct.  6,  1908 

Junior     Civ.    Engr.,     Box    404,     V  icks-    y  «      -i  o  imo 

"  (    Assoc.  M.     April  2,  1913 

burg,  Miss J 

Lane,    Fulton.      Min.    and    Civ.    Engr.,    901    Union    Oil 

Bldg.,   Los   Angeles.   Cal Feb.       4,   1913 

Lawrence,    Ralph    Jordan.      4432    Mitchell    St.,    Roxbor- 

ough,  Philadelphia,  Pa April     2,   1913 

Lowell,  James  Bennett.    Supt.  of  Constr.,  George  A.  Fuller 

Co.,    24    Brattle    St.,    Worcester,    Mass April     2,1913 

Macklem,   Noeris   Raymond.     Engr.,   Div.   of  "| 

Bldg.  Maintenance   and   Repair,   Bureau    I    Jun.  April     2,   1907 

of    Public    Works.    Manila,     Philippine    [   Assoc.  M.     Dec.       3,  1912 

Islands J 

McKerxax,    Joseph    Newall.     Engr.    and    Supt..     Phiin- 

ville   Water   Co.,   Box    149,   Plainville,   Conn Mar.      4,   1913 

Metcalfe,  Joseph  Davis.     Asst.  Engr.,  Houston  &  Texas 

Central  Ry.,  Caldwell,  Tex •  •     April     2,  1913 

Miller,  James  Blaine.     Asst.,  U.  S.  Coast  and  Geodetic 

Survey,   Washington,   D.   C April     2,  1913 

Moffat,   James    Alexander.      Res.    Engr.,    C.    N-.    P.    liy., 

Spuzzum,  B.  C.  Canada April     2,   1913 

Moore,  Sherman.     Junior  Engr.,  U.  S.  Lake  Survey,  205 

Old    Custom    House,     Detroit.     Mich April     2,1913 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 
Palmer,  George  Bushnell.     Engr.  and  Supt.,  for  Arthur 

McMullen,  806  East  132d  St.,  New  York  City April  2,   1913 

Pickles,  John  Louis.     Chf.  Engr.,  D.  W.  &  P.  Ry.,  523 

Lyceum  Bldg.,  Duluth,  Minn April  2,  1913 

Ruth,  Abraham  John.     Box  226,  Upland,  Cal Mar.  4,  1913 

Scobey,  Frederick  Charles.     Irrig.  Engr.,  Irrigation  In- 
vestigations, U.  S.  Dept.  of  Agri.,  Washington,  D.  C.  April  2,  1913 
Shepard,   Edward   Lewis.     Instr.   in   Civ.   Eng.,   Michigan 

Agricultural  Coll.,  Box   1018,  East  Lansing,  Mich..  April  2,   1913 

Snyder,  Hunter  Imboden.     Structural  Engr.,    \  xr  qd 

Heard     National   Bank   Bldg.,   Jackson-    I.      '      ,,       ^      '       _'„,„ 
.,,      ^,  r  Assoc.  M.     Jan.       7,  1913 

ville,   Fla ) 

Thorne,  Jent  George.  City  Engr.,  317  Howes  Blk.,  Clin- 
ton,   Iowa Feb.       4,  1913 

Townsend,  Frank  Thorn.  490  Norwood  Ave.,  Buffalo,  N.  Y.     April     2,  1913 

Trelease,  Frank  Johnson.     Chf.  of  Research  |    Jun.  May       3,  1910 

Dept.,  Corrugated  Bar  Co.,  Buffalo,  N.  Y.   [  Assoc.  M.     April     2,  1913 

Williams,  Haswell  Roger.     Chf.  Engr.,  J.  Henry  Miller, 

Inc.,  106  Dover  St.,  Baltimore,  Md April     2,   1913 

WiLLiAR,  Harry  Dugan,  Jr.     Asst.  Engr.,   Paving  Comm., 

City  Hall,  Baltimore,  Md April     2,   1913 

Youngblutt,  Frederick  Carl.  Supt.  on  Operation,  Lower 
Yellowstone  Project,  LT.  S.  Reclamation  Service, 
Savage,  Mont April     2,  1913 

ASSOCIATES 

Mehren,    Edward    John.      Managing    Editor,  ^  n  t^       -in 

Engineering  Record,  239  West  39th  St.,  i     .     "  ^  „    ,„,„ 

xr  ^7    ,     r.-x  (    Assoc.  Jan.       7,   1913 

New  York   City \ 

Titus,  Herbert  Chase.     156  Western  Ave.,  Albany,  N.  Y. . .     April     2,  1913 

JUNIORS 

AcKHART,  Andrew  Lewis.     611   Jarvis  St.,  Toronto,  Ont., 

Canada Mar.      4,  1913 

Curtis,  Harold  Edwin.    361  Fifth  Ave.,  North,  Troy,  N.  Y.     April     2,  1913 
Edgecomb,  Rex  Edward.     Instr.  in  Civ.  Eng.,  Oregon  Agri. 

Coll.,  Corvallis,  Ore April     2,  1913 

i'EETZ,  Edmond  Anthony.  Designer  and  Draftsman,  Dept. 
of   Natural    Resources,   C.    P.   Ry.,    Brooks,   Alberta, 

Canada Feb.       4,   1913 

Hammill,  Harold  Bernard.    2032  Parker  St.,  Berkeley,  Cal.     April     2,  1913 
Hinrichs,  Adolf.    Asst.  to  Robert  W.  Boyd,  179  Lewis  Ave., 

Brooklyn,  N.  Y April     2,   1913 

Ingalls,  James  Warren.     76  Baker  St.,  Lynn,  Mass Mar.      4,  1913 

Mengel,  Carl  Wayne.     Engr.,  John  L.  Roper  Lumber  Co., 

Norfolk,    Va April     2,   1913 
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JUNioKS    (Continued)  '  Date  of 

Membership. 
PiCKFORD,    Edmund  John.     Asst.    Constr.    Engr..    Wade   & 

Dorman,  Ltd.,  P.  O.  Box  2997,  Johannesburg,  Soutli 

Africa Jan.       7,   1913 

PONZEK,  Karl  Lewis.     Brinkley,  Ark Dec.       3,  1912 

Webnecke,  Chauncy.     1717   Fourth  Ave.,   North,   Seattle, 

\\ash Mar.      4,   1913 


CHANGES  OF  ADDRESS 


Abbot,  Frederick  William.    Mgr.  of  Constr.,  Ebro  Irrig.  &  Power  Co.,  Ltd., 

Apartado   No.   14,  Lerida,   Spain. 
Adgate,  Frederick  Whitney.    Care,  The  Foundation  Co.,  Wheeling,  W.  Va. 
Allan,  Percy.    Asst.  to  the  Director-General  of  Public  Works,  Sydney,  New 

South  Wales,  Australia. 
Arthur,  Howard  Elmer.     Care,  Mrs.  Stevenson,  Tyron,  N.  C. 
Avery,  Frederick  Hague.     Engr.  in  Chg.   of  Bridge  Constr.  and   Repairs, 

City  of  Chicago,  1427  Carmen  Ave..  Chicago,  111. 
Barr,  Joseph  Carroll.     Care,  Pittsburgh   Steel  Ore  Co.,   Crosby,  Minn. 
Bayliss,  John  Yancey.    Care,  Dr.  J.  L.  Kent,  Pulaski,  Va. 
Beatty,   Philip  Asfobdby.     Asst.  Div.   Engr.,   Gunpowder   Supply   Impvt., 

Box  333,  Loch  Raven,  Md. 
Berry,  .John  Bennington.    Asst.  to  Pres.,  C,  R.  I.  &  P.  Ry.,  1015  La  Salle 

St.   Station,  Chicago,   HI. 
Beugler,  Edwin  James.     Chf.  Engr.,  Westinghouse,  Church,  Kerr  &  Co.,  37 

Wall  St.,  New  York  City. 
BiNCKLEY,  George  Sydney.    Cons.  Engr.,  511  Central  Bldg.,  Los  Angeles,  Cal. 
BiNKLEY,  GE014GE  HOLLAND.     Chf.  Engr.,  Mcsa  Impvt.  Co.,  Mesa,  Ariz. 
BiSBEE,    Fred   Milton.      Chf.    Engr.,   W^estern   Lines,   A.,   T.    &    S.    F.    Ry., 

Amarillo,  Tex. 
Boyd,  James  Churchill.     Chf.  Engr.,   Westinghouse,   Churcli,   Kerr  &  Co., 

37  Wall  St.,  New  York  City. 
Brace,  James  Henry.     Secy,  and  Treas.,  Eraser.  Brace  &  Co.,  Cedars,  Que., 

Canada. 
Breckinridge,  William  Lewis.     Engr..  M.  of  W.,  C,  B.  &  Q.  R.  R.,  547 

U'est  Jackson  Boulevard,  Room   1400,  Chicago,  111. 
Brown,  Walter  Henry.    Constr.  and  Hydr.  Engr.,  1091  Bush  St.,  San  Fran- 
cisco, Cal. 
Brown.   Wendell  Phillips.     Prin.  Asst.  Engr..  Wilbur  J.  Watson  &  Co., 

1150  Leader  Bldg.,  Cleveland,  Ohio. 
Burke,  Milo  Darwin.     Cons.  Engr.,  Room  1012,  Conmiercial  Tribune  Bldg., 

Cincinnati,  Ohio. 
Butler,  Matthew  Joseph.     The  Lincoln,  49  Lincoln  Ave.,  Montreal,  Que., 

Canada. 
Byers,  Charles  Hopkins.     Chf.  Engr.,  Puget  Sound  &  Willapa  Harbor  Ry., 

Raymond,  Wash. 
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Carroll,  Charles  Joseph.  Care,  Parker  &  Carroll.  P.  0.  Box  1068,  San 
Antonio,  Tex. 

Child,  Stephen.  Landscape  Archt.  and  Cons.  Engr.,  2-A  Park  St.,  Boston, 
Mass. 

Cole,  Howard  Ji;dson.    Constr.  Engr.,  550  Main  St.,  Hartford,  Conn. 

Cole,  William  Weeden.  Mgr.  of  Utilities  Dept.,  Day  &  Zimmerman,  611 
Chestnut  St.,  Philadelphia,  Pa. 

Cresson,  Benjamin  Franklin,  Jr.  Care,  The  Engineers'  Club,  .32  West  40th 
St.,  New  York  City. 

Davis,  Joseph  Baker.     R.  F.  D.  No.  4,  Pinckney,  Mich. 

Dean,  Bertram  Dodd.     106  Waterman  St.,  Providence,  R.  I. 

Dixon,  Charles  Young.  U.  S.  Asst.  Engr.,  River  and  Harbor  Impvt.,  U.  S. 
Engr.  Office,  Federal  Bldg.,  Detroit,  Mich. 

DoERFLiNG,  Richard  George.  Cons.  Engr.,  217  Sharon  Bldg.,  San  Fran- 
cisco, Cal. 

Dose,  Henry  Frederick.    3539  Pestalozzi  St.,  St.  Louis,  Mo. 

Eckart,  Nelson  Andrew.     3014  Clay  St.,  San  Francisco,  Cal. 

Elliott,  James  Rutherford.   Cons.  Engr.,  Arlington  Station,  Riverside,  Cal. 

Emery,  James  Albert.  Transit  Commr.'s  Office,  Rooni  742,  City  Hall,  Phila- 
delphia, Pa. 

French,  Mansfield  Joseph.     940  Westcott  St.,  Syracuse,  N.  Y. 

Fuller,  Weston  Earle.  Cons.  Engr.  (Hazen  &  Whipple),  Forty-second 
Street  Bldg.,  14th  Floor,  New  York  City. 

Gardiner,  John  Peden.     515  Black  Bldg.,  Los  Angeles,  Cal. 

Gray,  Edward.     1116  Palmer  Boulevard,  Colorado  Springs,  Colo. 

Greenfield,  Robert  Arthur.     29  West  42d  St.,  New  York  City. 

Hazen,  Allen.  Cons.  Engr.  (Hazen  &  Whipple),  Forty-second  Street  Bldg., 
14th  Floor,  New  York  City. 

Hedke,  Charles  Richard.     San  Acacio,  Colo. 

Herring,  Willard  E.  Care,.  Puget  Sound  Traction,  Light  &  Power  Co.,  610 
Pioneer  Bldg.,  Seattle,  Wash. 

Hewins,  George  Sanford.  Care,  The  J.  G.  White  Eng.  Corporation,  Alaska 
Commercial  Bldg.,  San  Francisco,  Cal. 

HoDGMAN,  Harry.     U.  S.  Asst.  Engr.,  Missouri  River  Lnpvt.,  Florissant,  Mo. 

Hopkins,  Newton  Fisher.  (Harrop,  Hopkins  &  Taylor),  604  Second  Na- 
tional Bank  Bldg.,  Pittsburgh,  Pa. 

Janvrin,  Ned  Herbert.  Asst.  Engr.,  Board  of  Water  Supply,  City  of  New 
York,  803  West  180th  St.,  New  York  City. 

Jones,  Arthur  Lewis.    Box  726,  Ogden,  Utah. 

Kellogg,  Norman  Benjamin.  Cons.  Engr.,  General  Delivery,  San  Diego,  Cal. 

Lake,  Edward  Nelson.     601  First  National  Bank  Bldg.,  Chicago,  111. 

Lavis,  Fred.     50  Church  St.,  New  York  City. 

Lee,  Francis  Valentine  Toldervy.  Cons.  Engr.,  P.  O.  Box  1515,  Victoria, 
B.  C,  Canada. 

Leitch,  John.  Care,  Henry  S.  King  &  Co.,  65  Cornhill,  London,  E.  C, 
England. 
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Leland,   Wakiien    Allston.     Pies.,   Tennessee   Eastern   Elec.   Co.,   Johnson 

City,   Teiin. 
Lucas,  Daniel  Jones.     Dept.  of  Public  Works,  Bureau  of  Surveys,  Grade 

Crossing  Div.,  Asst    p]ngr.  in  Chg.  of  Field  Ollice,  1930  South  College 

Ave.,  Philadelphia,  Pa. 
Lyon,  Leon  Elie.     Asst.  U.  S.  Engr.,  P.  O.  Box  283,  Norfolk,  Va. 
Macdonald,  Charles.      (Past-President.)      1305  Albermarle  Rd.,   Brooklyn, 

N.   Y. 
McCarthy,  George  Arnold.     2G19  Etna  St.,  Berkeley,  Cal. 
McLean,  Archibald.     Asst.   Engr.,  Dept.  of  Bridges,    179   Washington  St. 

(Res.,   158  Cleveland  St.),  Brooklyn,  N.  Y. 
Matamoros,    Luis.      Gen.   Director    of    Public    Works    of    Costa    Rica,    310 

Union  Trust  Bldg.,  Washington,  D.  C. 
Mathewson,  Thomas  Knight.     Chf.  Engr.,  Michoacan  Power  Co.,  Tuxpan, 

Michoacan,  Distrito  de  Zitacuaro,  Mexico. 
MoissEiFF,  Leon  Solomon.     Engr.  of  Design,  Dept.  of  Bridges,  City  of  New 

York,  Municipal  Bldg.,   18th  Floor,  New  York  City. 
Nauman,  George.     Asst.  Engr.,  Constr.,  P.  R.  R.,  330  Chambers  Bldg.,  Oil 

City,  Pa. 
Neely,  William  Ridley.     Asst.  Engr.  in  Chg.  of  Section,  Board  of  Water 

Supply  of  New  York  City,  Elmsford,  N.  Y. 
Nichols,   Charles   Henry.     Cons.   Engr.;    Engr.,   Conn.   Shell   Fish   Comni., 

Room  724,  Chamber  of  Commerce  Bldg.,  New  Haven,  Conn. 
Parker,  Charles  Frederick.     P.  O.  Box  10()8,  San  Antonio,  Tex. 
Parsons,  Robert  Stevens.    Asst.  Gen.  Mgr.,  Erie  R.  R.,  50  Church  St.,  New 

York  City. 
Patten,  Henry  Benjamin.     Box  894,  Cheyejinc,  Wyo. 
Perkins,   William   Warr  Cassidy.     Chf.    Engr..    The   Dunn    Wire-Cut-Lug 

Brick  Co.,  Conneaut,  Ohio. 
Post,  Andrew  Jackson.     Pres.,  Post  &  McCord,  Inc.,  101  Park  Ave.,   loth 

Floor,  New  Y'ork  City. 
Pratt,  Mason  Delano.     Engr.,  The  United  Railways  &  Elec.  Co.  of  Balti- 
more, Normandy  Heights,  Roland  Park,  Md. 
Reedy,  Oliver  Thomas.     311  East  Pasadena  St.,  Pomona,  Cal. 
Russell,   Richard   Lord.      (Sanborn-Russell   Constr.   Co.),   37    Liberty    St., 

New  York  City. 
Shanks,  Oscar.     Care,  Swift  &  Co.,  Constr.  Dept.,  Chicago,  111. 
Simpson,  George  Hume.     301  Lincoln  Ave.,  Bellevue,  Pa. 
Slifer.  Hiram  Joseph.     Cons.  Engr.,  Room  861,  The  Rookeiy,  Chicago,  111. 
Spooner,  Allen  Newhall.     Bomoseen,  \'t. 

Stern,  Eugene  Washington.     Cons.  Engr.,  101  Park  Ave.,  New  York  City. 
Swanicer,  John  Edward.     Mgr.,  W.  N.  Kratzer  &  Co.,  3212  Smallman  St., 

Pittsburgh,  Pa. 
Thompson,  Fred.    Civ.  Eng.,  U.  S.  N.,  Navy  Dept.    (Yard  and  Docks),  Wash- 
ington, D.  C. 
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MEMBERS    ( Continued ) 
ToMLiNSON,    Alfred    Thomas.     Clif.    Engr.,   North    Ry.,    Canadian    Express 

Bldg.,  Montreal,  Que.,  Canada. 
Tucker,  Lester  Waldo.     Managing  Engr.,   Westinghouse,   Church,   Kerr   & 

Co.,  37  Wall  St.,  New  York  City. 
Tye,  William  Francis.     Cons.  Engr.,  95  Bay  St.,  Toronto,  Ont.,  Canada. 
Vail,  Charles  Davis.      (Vail,  Walbron  &  Read),  517   Ideal  Bldg.,  Denver, 

Colo. 
VosE,   Richard  Hampton.     Care,  British   Collieries    (Brazeau),   Ltd.,  Mile 

37,  Alberta  Coal  Branch,  via  Edson,  Alberta,  Canada. 
Wait,    John    Cassan.     Attorney   at   Law,   Eng.   Jurisprvidence,    Woolworth 

Bldg.,  New  York  City. 
Wallace,   John   Findley,    [Past-President.)    Pres.,   Westinghouse,   Church, 

Kerr  &  Co.;  Pres.,  Elec.  Properties  Co.,  37  Wall  St.,  New  York  City. 
Watson,  Irvine.     Company  Engr.,  Coast  Culvert  &  Flume  Co.,  Cor.  Derby 

St.  and  Columbia  Boulevard,  Portland,  Ore. 
Weedin,  Kirby  Calhoun.     Constr.  Supt.,  J.  G.  White  &  Co.,  Inc.,  Marshall, 

Cal. 
Wharf,  Allison  James.     Chf.  Engr.,  Peoria  &  Pekin  Union  Ry.,  Room  31, 

Union  Station,  Peoria,  111. 
Whipple,  George  Chandler.     Prof.,  San.  Eng.,  Harvard  Univ.;  Cons.  Engr., 

Forty-second  Street  Bldg.,   14th  Floor,  New  York  City. 
WiCKES,  Edward  Dana.     Cons.  Engr.,  P.  0.  Box  706,  Lindsay,  Cal. 
WiSNER,   George   Monroe.     Chf.   Engr.,   San.   Dist.   of   Chicago,   900   South 

Michigan  Ave.,  Chicago,  111. 
Witmer,   Francis   Potts.     Care,   Brooklyn  Rapid   Transit  Co.,   85  Clinton 

St.,  Brooklyn,  N.  Y.     (Res.,  32  Mulford  St.,  East  Orange,  N.  J.). 
Wolff,   Louis   Peter.     Cons.    Engr.,    1000   Germania   Life   Bldg.,-  St.    Paul, 

Minn. 

ASSOCIATE   members 

Adams,  Charles  Robert.     Chf.  Engr.,  Miller  &  Lux,  Inc.,   1314  Merchants 

Exchange  Bldg.,  San  Francisco,  Cal. 
Adams,  Edward  Maguire.     Capt.,  Corps  of  Engrs.,  U.  S.  A.,  Guaranty  Trust 

Company  Bldg.,  New  York  City. 
Alderson,  William  Howard.     Bridge  Engr.,  Ore. -Wash.  R.  R.  &  Nav.  Co., 

Wells  Fargo  Bldg.,  Portland,  Ore. 
Alexander,  Henry  James.     25  Westchester  Ave.,  White  Plains,  N.  Y. 
Andrade,  Joaquim  Gregoriano  de.     Surv.  of  Public  Lands,  State  of  Amazon, 

Livraria  Ferreira   Penna,  Manaos,   Brazil. 
AVEKILL,  James  Leland.     Chf.  Engr.,  Hamilton  &  Chambers,  29  Broadway, 

New  York  City. 
Barshell,   Frederick   Bayard.     Asst.   Engr.,   Public   Service   Comm.,    First 

Dist.,  State  of  New  York,  103  East  125th  St.,  New  York  City. 
Bass,  Fred  Thomson.     Care,  Post  &  McCord,  101  Park  Ave.,  New  York  City. 
Beeson,   Alexander  Conn.     Chf.   Engr.,    Pittsburgh-Buflfalo   Co.,    150   East 

Maiden  St.,  Washington,  Pa. 
Berry,  Francis  Rigdon.     Box  1103,  Pittsburgli,  Pa. 
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Biggs,   Cakroli.  Aodison.     Chf.   UrafUsnum,   Detroit   Kdison   Co.,   310   Vine- 
wood  Ave..  Detroit,  Mich. 
Bishop,  Lyman  Eugar.     Res.  Engr.,  The  Goldsborough  Co.,  Laramie,  Wye. 
Blaylock,  John  Charles.     Structural  Engi-.,  230  Doyle  Court,  Willmette, 

III. 
Boic.HTo.v,   Will  Hazen.     Treas.,  Business  Mgr.,  and  Cons.  Engr.,  Vassar 

Coll.,  Poughkeepsie,  N.  Y. 
Bradbury,  Royall  Douglas.     Cons.  Engr.,  18  Treniont  St.,  Boston,  Mass. 
Bradshaw,  Charles.     Care,  Fontana  Co.,  Riverside  Ave.,  Rialto,  Cal. 
Brown,  Rodman  Merritt.     Structural  Engr.,  Dept.  of  Bldg.  Inspection,  305 

City  Hall,  Omaha,  Nebr. 
Buck,  Con  Morrison.     Cons.  Engr.,  615  Poyntz  Ave.,  Manhattan,  Kans. 
Burpee,   George  William.     With   Westinghouse,   Church,   Kerr  &   Co.,   37 

Wall  St.,  New  York  City. 
Cabstarphen,  Frederick  Charles.     Care,  Am.  Steel  &  Wire  Co.,  Trenton, 

N.  J. 
Carter,  Lester  Levi.     Union  League  Club,  San  Francisco,  Cal. 
Chappell,  Claude  Edward.     Res.  Engr.  on  Constr.  of  Reservoirs,  Pumping 

Station  and  Filters,  State  Hospital  for  Insane,  Jonesboro,  111. 
Cross,  John  Halsey.     Y.  M.  C.  A.,  Gary,  Ind. 
Crowt;ll,    Francis    Stirling.     Care,    The    Foundation    Co.,   Ltd.,    Bank    of 

Ottawa  Bldg.,  Montreal,  Que.,  Canada. 
Dent,  Elliott  Johnstone.     Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engi-. 

Ollice,   San  Juan,   Porto  Rico. 
Devlin,  Henry  Stratford.     Care,  Westinghouse.  Church,  Kerr  &  Co.,  901 

Shaughnessy  Bldg.,  Montreal,  Que.,  Canada. 
Dobbins,  John  Leslie.     With  Haviland,  Dozier  &  Tibbetts,   2G00  Warring 

St.,  Berkeley,  Cal. 
Doolittle,  Harold  James.     With   Inland   Portland   Cement  Co.,    1316  Old 

National  Bank  Bldg.,  Spokane,  Wash. 
Downer,  Thomas  Benson.     Supt.  of  Streets,  24  North  Chapel  St.,  Alhambra, 

Cal. 
Dunham,  Robert  Moore.     Supt.,  Gen.  Constr.  Co.,  1964  Alston  Ave.,  Fort 

Worth,  Tex. 
Eakl,  Austin  Willmott.     2044  Hyde  St.,  San  Francisco,  Cal. 
Ellis,  Lawrence  Rees.     535  Central  Bldg.,  Seattle,  Wash. 
Ellsworth,  Clarence  Eugene.     In  Chg.,  U.  S.  Geological   Survey,  Water 

Supply  Investigations,  Yukon-Tanana  Region,  Alaska,  Valdez,  Alaska. 
Federlein,  Walter  Gottlieb.     Asst.  Engr.,  Rapid  Transit  Subway  Constr. 

Co.,  30  East  42d  St.,  New  York  City. 
Files,  True  Herbert.     Care,  Lockwood,  Green  &  Co.,  60  Federal  St.,  Boston, 

Mass. 
Francis,  William.     Div.  Engr.,  Dept.  of  Public  Works,  Arsenal  2,  Havana, 

Cuba. 
Gehbing,  Herbert  August.     Asst.  Engr.  in  Chg.  of  Barge  Canal  Contract 

No.  51,  68  Clinton  St.,  Seneca  Falls,  N.  Y. 
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Gray,  Edward,  Jr.     Asst.  Engr.,  C.  &  O.  Ry.,   6   West  Franklin   St.,   Rich- 
mond, Va. 
Gray,   Habby  Matt.     Care,   Hazen   &   Whipple,    Forty-second    Street   Bldg., 

New  York  City. 
Hall,  Louis  Wells.     Care,  Y.  L.  Yancy,  118  North  21st  St.,  Birmingham, 

Ala. 
Harps,  Harry  Macy.     Nantucket,  Mass. 
Hayes,  Andrew  Jenkins.     Oxford,  Me. 
Hays,   David   W^alker.     Care,   Southern   Alberta   Land   Co..    Medicine    Hat, 

Alberta,  Canada. 
HiLDRETH,  John  Lewis,  Jr.     Asst.  Engr.   in  Chg.,   Sec.   4,  Moodna  Siphon, 

Board  of  Water  Supply,  Cornwall-on-Hudson,  N.  Y. 
Hilts,  Harold  Ezra.     Care,  The  Assoc,  of  Am.  Portland  Cement  Mfrs.,  Land 

Title  Bldg..  Philadelphia,  Pa. 
HoGLUND,  Carl  August.      (Middleton-Hoglund  Constr.   Co.),   15   Ricksecker 

Bldg.,  Kansas  City,  Mo. 
Howard,  Robert  Chester.     Supt.,  Timber  and  Tracks,  West  Floiida  Milling 

Co.,  Greeneville,  Tenn. 
Howe,  Clarence  Durand.     Care,  U.  S.  Reclamation  Service,  Worden,  Mont. 
Hutchings,  John   Bacon,   Jr.     Architectural   Engr.,   John   B.   Hutchings  & 

Sons,  201   Security  Trust  Co.  Bldg.,  Lexington,  Ky- 
Jones,  Lewis  Allen.     Durant,  Miss. 

Joslin,  Harold  Vincent.     Care,  Phoenix  Constr.  Co.,  Grace,  Idaho. 
Kelly,   William.     Maj.,   Corps  of   Engrs.,   U.   S.   A..   Care,   Chf.   of   Engrs., 

U.  S.  A.,  Washington,  D.  C. 
Keys,  Edward  Allen.     Special  Insp.  to  the  Secy,  of  the  Interior,  Room  222, 

Federal  Bldg.,  Spokane,  Wash. 
King,  Eric  Ture.     Asst.  Engr.,   Board   of   Water   Supply,   New   Y^ork   City, 

Airochar,  N.  Y. 
Koenig,  Arnold  Charles  von  Wasmer.     Cons.  Engr.,  554  Brandeis  Theatre 

Bldg.,  Omaha,  Nebr. 
Law,  Walter  Hills.     Box   3,  Tiverton,   R.  I. 
Lightfoot,    William   Joseph.     U.    S.    Surv.    and    Special    Disbursing   Agt., 
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Date  of 
Resignation. 


Lilly,   George   Washington April     2,  1913 


DEATHS 

Eldbidge,  Griffith  Morgan.  Elected  Associate  Member,  June  1st,  1892, 
Member  September  3d,  1902;   died  August  30th,  1912. 
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Member,  June  30th,  1911;  died  April  25th,  1913. 


Total  Membership  of  the  Society,  May  8th,  1913. 
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MONTHLY    LIST   OF    RECENT   ENGINEERING    ARTICLES    OF 

INTEREST 

(Ai)ril  -Jd  to   May  :kl,  1!)1.'5) 

Note. — This  list  is  published  for  tlie  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
tuhich  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given   wherever  possible. 

LIST   OF   PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  tJie  number 
prefixed  to  each  journal  in   this  list: 


(1)  Journal,    Assoc.    Eng.    Soc,    Boston, 

Mass.,   30c. 

(2)  Proceedings,   Bngrs.   Club   of   Phila., 

Philadelphia,    Pa. 

(3)  Joxir7ial,    Franklin    Inst.,    Philadel- 

phia, Pa.,  50c. 

(4)  Journal,    Western    Soc.    of    Engrs., 

Chicago,   111.,  50c. 

(5)  Transactions,     Can.      Soc.      C.      E., 

Montreal,    Que.,    Canada. 

(6)  School     of     Mines     Quarterly,     Co- 

lumbia   Univ.,    New    York    City, 
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(7)  Gesundheits      Ingenieur,      Miinchen, 

Germany. 

(8)  Stevens     Institute     Indicator,     Ho- 

boken,   N.   .1.,   50c. 

(9)  Engineering    Magazine,    New    York 

City,    25c. 

(10)  Cassicr's  Muqazine,  New  York  City, 

25c. 

(11)  Engineering       (London),       W.       H. 

Wiley,   New   York  City,   25c. 

(12)  The      Engineer      (London),      Inter- 

national    News    Co.,     New     York 
City,    35c. 

(13)  Engincerin(i  Xeios,  New  York   City, 

15c. 

(14)  Enginecrinq      Record,      New      York 

City.    10c. 

(15)  Railway    Age    Gazette,    New    York 

City,   15c. 

(16)  Engineering    and    Mining    Journal, 

New  York  City,   15c. 

(17)  Electric      Railway      Journal,      New 

York   City,    10c. 

(18)  Railwai/    a7id    Engineering    Review, 

Chicago,    111.,    15c. 

(19)  Scientific      Anierica7i      Supplement, 

New   York  City,   10c. 

(20)  Iron  Age,   New   York   City,    20c. 

(21)  Railway     Engineer,     London,     Eng- 

land. Is,  2d. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don.   England,    6d. 

(23)  Railway   Gazette,   London,    England, 

6d. 

(24)  American   Gas   Light   Journal,   New 

York   City,   10c. 

(25)  American      Engineer,      New      York 

City,   20c. 

(26)  Electrical     Review,     London,     Eng- 

land,  4d. 

(27)  Electrical    M'orld,    New    York    City, 

10c. 


(2iS)    Journal,       New       England       Water- 
Works  Assoc,    Boston,   Mass.,   $1. 

(29)  Journal,     Royal     Society     of     Arts, 

London,    England,    6d. 

(30)  Annales     des     Travaux    Publics    de 

Bclgique,  Brussels,  Belgium,  4  fr. 

(31)  A7inales   de  1' Assoc,   des   Ing.    Sortis 

des    Ecoles     Spficiales    de     Gand, 
■   Brussels,   Belgium,  4   fr. 

(32)  M6moires     et     Compte     Rendu     des 

Travaux,      Soc.      Ing.      Civ.      de 
France,    Paris,    France. 

(33)  Le  Genie  Civil,  Paris,  France,  1  fr. 

(34)  Portefeuille    Economiques    des    Ma- 

chines,   Paris,    France. 

(35)  Nouvelles   Annales   de   la  Construc- 

tion, Paris,  France. 

(36)  Cornell  Civil  Engineer.  Ithaca,  N.  Y. 

(37)  Revue  de  M6canique,  Paris,  Prance. 

(38)  Revue     Gin^rale     des     Chemins     de 

Fer     et     des     Tramways,     Paris, 
France. 

(39)  Technisches    GeyneindeHatt,    Berlin, 

Germany,   0,    70m. 

(40)  Zentralblatt      der      Bauverwaltung . 

Berlin,  Germany,  60  pfg. 

(41)  Elektrotcchnische    Zeitschrift,    Ber- 

lin,  Germany. 

(42)  Proceedings.  Am.  Inst.  Elec.  Engrs., 

New  York  City,  $1. 

(43)  Annales     des    Ponts     et     Chauss6es, 

Paris,  France. 

(44)  Journal.    Military    Service    Institu- 

tion, Governors    Island,  New   York 
Harbor,   50c. 

(45)  Colliery     Enqineer,     Scranton,     Pa. 

25c.' 

(46)  Scientific  American,  New  York  City, 

15c. 

(47)  Mechanical     Engineer.     Manchester, 

England,   3d.  " 

(48)  Zeitschrift,    Vereln     Deutscher    In- 

genieure.      Berlin,      Germany,      1, 
60m. 

(49)  Zeitschrift    fiir    Bauwesen,    Berlin, 

Germany. 

(50)  Stahl    und   Eisen,    Diisseldorf,    Ger- 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie-Zeitung,     Riga, 

Russia,    25    kop. 

(53)  Zeitschrift,      Oesterreichlscher      In- 

genieur  und    Architekten    Verein, 
Vienna,  Austria,  70h. 

(54)  Transactions,  Am.    Soc.    C.    E.,    New 

York   City,   $12. 
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Chicago, 


(55)  Transactions,  Am.   Soc.  M.  B.,   New 

York  City,  $10. 

(56)  Transactions,       Am.        Inst.        Min. 

Engrs.,    New    York    City,    $6. 

(57)  Colliery     Guardian,    London,     Eng- 

land.   5d. 

(58)  Proceedings,    Engrs.'    Soc.    W.    Pa., 

803      Fulton      Bldg.,     Pittsburgh, 
Pa.,    50c. 

(59)  Proceedings,        American 

Works  Assoc,  Troy,  N. 

(60)  Municipal       Engineering, 

apolis,   Ind.,  25c. 

(61)  Proceedings,        Western 

Club,   225  Dearborn  St., 
111.,    25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.  B., 

London,    England. 

(64)  Power,    New    York   City,    5c. 

(65)  Official      Proceedings,      New      York 

Railroad    Club,    IBrooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    LigMinq,    London, 

England.  6d. 

(67)  Cement     and     Engineering     News, 

Chicago,   111.,  25c. 

(68)  Mining   Journal,    London,    England, 

6d.  ■ 

(69)  Der  Eisenhau,  Leipzig.  Germany. 

(71)  Journal,  Iron  and  Steel  Inst.,  Lon- 

don,   England. 
(71a)  Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist,      New      York 

City,  15c. 

(73)  Electrician,   London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings,   Inst,   of  Mech.   Engrs., 

London,    England. 

(76)  Brick,  Chicago,  111.,  10c. 

(77)  Journal,    Inst.     Elec.    Engrs.,     Lon- 

don,  England,    5s. 

(78)  lieton   und   Eisen,    Vienna,    Austria, 

1,  50m. 

(79)  Forschcrarbeitcn.  Vienna.   Austria. 

(80)  Tonindiistrie   Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,     Ger- 
many. 

(82)  Mining     and     Enainecring      World, 

Chicago,  111.,  lOc. 


83)  Gas     Age,     New     York     City,     15c. 

84)  Le  Cimcnt,  Paris,   France. 

85)  Proceedings,   Am.    Ry.    Eng.   Assoc, 

Chicago,    111. 

86)  Engineering-Contracting,      Chicago, 

111.,   10c. 

87)  Railway    Engineering    and    Mainte- 

nance of  Way,  Chicago,  111.,  10c. 

88)  BuUetin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel- 
gium. 

89)  Proceedings,    Am.    Soc.    for    Testing 

Materia'ls,  Philadelphia,  Pa.,  $5. 

90)  Transactions,       Inst.       of       Naval 

Archts.,   London,   England. 

91)  Transactions,     Soc.     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

92)  Bulletin,        Soc.        d'Bncouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

93)  Revue       de       Metallurgie,       Paris, 

France,    4   fr.    50. 

94)  The  Boiler  Maker,  New  York  City, 

10c. 

95)  International    Marine    Engineering, 

New  York  City,   20c. 

96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    10c. 

98)  Journal,    Engrs.    Soc.    Pa.,    Harris- 

burg.    Pa.,    30c. 

99)  Proceedings,  Am.  Soc.  of  Mimicipal 

Improvements,     New    York    City, 
$2. 

100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.    A.,     Washington, 
D.  C,  50c 

101)  Metal  Worker,  New  York  City,  10c. 

102)  Organ     fiir     die     Fortschritte     des 

Ei-'ienbahnwesens ,  Wiesbaden, 

Germany. 

103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,   10c. 

104)  The   Surveyor    and   Municipal    and 

Counttf    Engineer,    London,    Eng- 
land, 6d. 

105)  Metallurgical     and     Chemical     En- 

gineering, New  York  City,  25c. 

106)  Transactions,  Inst,  of  Min.  Engrs., 

London,    England,    6s. 

107)  Schxocizerische  Bauzeitung,   Ziirich, 

Switzerland. 

108)  Southern  Machinery,   Atlanta,    Ga.. 

10c. 


LIST  OF  ARTICLES 
Bridges. 

Railroad  Bridge  Design  in  Europe  and  America  Compared.*  Edward  Godfrey. 
(4)      Mar. 

Bascule  Bridges.*      (12)      Mar.  28. 

An  Attractive  Concrete  Bridge  at  Methuen,  Mass.*      (67)      Apr. 
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Suspension    Insulators   Suitable   for   110  000-Volt  Transmission.*      Joseph    B.    Baker. 

(46)      Apr.   5. 
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Marine— (Continued). 

The  Measurement  aud  Automatic  Recording  of  Dead  Reclconing.*      F.  R.  S.   Bircham. 
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Modern    Conditions   of   Gas-Works    Practice.      T.    Goulden.       (Paper    read    before   the 
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Glover.      (Paper    read   before   the   Manchester   and  District   Junior  Gas   Assoc.) 
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The  Use  of   Motor   Trucks   in   the   Distributing  Department   of   Gas    Supply   Systems, 
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Determination    of    Hydrogen,    Nitrogen    and    Methane    m    Gas    by    Combustion    in    a 

Quartz  Tube.      Mathers  and   Ira  E.   Lee.      (Paper  read  before  the  Indiana  Gas 

Assoc.)       (24)      Apr.   7.  ,...       . 

Gas  Engine  and  Steam  Turbine  Power  Plants.*     W.  C.  Turner.      (64)      Apr.  8. 
Ritz-Carlton  Refrigerating  Plant.*      (64)      Apr.  8. 

The  Richards   Low-Temperature   Carbonization    System.*      (66)      Apr.    8. 
The  Mixing  of  Gas  and   Air  for  Lighting  and   Heating.*      Franklin   Thorp.       (Paper 

read  before  the  Manchester  and    District  Junior  Gas  Assoc.)       (66)      Apr.   8. 
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Design  of  an  Ammonia-Compression  Refrigerating  Machine.      (96)      Apr.   10. 
Modern   Practice   in   Cleaning   Blast   Furnace   and   Other  Gases.      H.  Stonewall   Jack- 
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Apr.  11. 
The  Otis  Inclined  Freight  Elevator.*      (15)      Apr.  11.  ,  „     ,        .    t,    t,     ., 

The  Oil  Consumption  and  Mean  Effective  Pressure  of  Diesel  Engines.*    R.  Royds  and 

J.  W.  Campbell.     (12)     Apr.  11. 
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Mechanical     (Continued). 

The   WoikiiiK  of  Cas   Producers.*      R.   J.    Durley.      (47)      Apr.    11. 

Efflcioiuy  of  Condenser  Air  Pumps.*      (62)      Apr.   14;    (96)    Apr.   17. 

Gas   Purification.*       A.   S.    B.    Little.       (Paper   read   before  the    Illinois   Gas    Assoc.) 

(83)      Apr.  15. 
The   Possibilities  of  Gas  as  an   Industrial   Fuel.      F.  F.   Cauley.      (Paper  read   before 
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Condensing  Equipment  of   Lake   Shore   Plant.*      A.   D.   Williams.      (64)      Apr.    15. 
Stresses    in    Unsynimetrical    Boiler    Joints.       S.    H.    Banaclough    and    A.    J.    Gibson. 

(Paper  read  before  the  Kng.  Assoc,  of  New  South  Wales.)      (64)      Apr.  15. 
The  New  Schielestrasse  Gas-Works,   Frankfort-on-Main.*      (66)    Apr.   15. 
Gas  Authorities  as  the  Suppliers  of  Electricity.*     J.  W.  Napier.      (Paper  read  before 

the   Scottish   .Junior  Gas   Assoc.)       (66)      Apr.    15. 
Gaseous    Heating.*       (Paper    read    before    the    Yorkshire    Junior    Gas    Assoc.)       (66) 

Apr.   15. 
Methods   Used   for   Making  the   Intertype.*      Robert  Mawson.      (72)      Apr.    17. 
Fuel  Economies  of  the  Oil   Engine.      John  A.   Secor.      (Paper  read  before  the  Soc.   of 

Automobile  Engrs.)         (20)      Apr.  17. 
A  Gasolin,.   H  >,  k   Drill.*      (13)      .\pr.   17. 

Slings  and   Hitches  for  Handling   Machinery.*      .lohn   Riddell.      (13)      Apr.   17. 
Bolinder's  Crude-Oil   Engine.*      (11)      Apr.    18. 
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Water  Blow  in   Steam  Engines.*      (12)      Apr.  18. 
Some  American  Cement  Mill   Installations.*      (26)      Apr.   18. 
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Apr.   19. 
Mechanical  Freight  Handling  of  the  New   York   Dock  Co.*      (18)      Apr.    19;     (95) 

May. 
The  Coking  of  Coal  at  Low  Temperatures.*      S.  W.  Parr  and  H.  L.  Olin.      (Abstract 

from  Bulletin   No.   60,   Eng.   Exper.    Station,   Univ.   of   Illinois.)      (19)     Apr.    19. 
The  New  Riley  Underfeed  Stoker.*      (62)      Apr.  21;     (64)      Apr.   8. 
A  Year  of  Smoke   Inspection   in   the  City  of   Des   Moines.      Harry   McNutt.      (Report 

to    the   City.)       (62)     Apr.    21. 
The     Birchenwood     Collieries     and     Coke-Oven     and     Bye-Products     Plants.*        (66) 

Apr.  22. 
Glover-West  Vertical  Retorts   at  Heywood.*      (66)      Apr.   22. 
Determination    of    Water    in    Coals.      R.    Lessing.       (Paper    read    before    the    Inter. 

Cong,   of   Applied   Chemistry.)    (66)    Apr.   22. 
Pipe  Sizes  and   Steam  Velocities.      C.  W.  Ham.      (64)      Apr.   22. 
High-Power  Gas  Engines  for  Japan.*      Frank  C.  Perkins.      (96)      Apr.   24. 
A   New    Design    of    Regenerator    Chambers.*     (Open-Hearth    Furnace.)     Herbert    F. 

Miller,  Jr.      (20)      Apr.  24. 
Specificalioiis  for   Exliaust   Systems.*     (For  Grinding,  Polishing  and  Buffing  Wheels.) 

William  Newell.      (72)      Apr.  24. 
Electric   Pole  Trucks.*     (27)     Apr.    2(j. 

Power   from   Waste   Fuel,   Importance   of   By-Products.     (19)     Apr.    26. 
End  Dump  Bodies  for  Commercial  Vehicles.*      Ross  Babcock.      (46)      Apr.  26. 
Monorail  System  between  Buildings  at  an  Industrial   Plant.*      A.  W.  Nichols.      (14) 

Apr.  26. 
Description  of  Gas  Piping  in  the  Bay  Ridge  High  School,   Brooklyn,   N.  Y.*      Harold 

L.  Alt.      (24)      Apr.  28. 
An  Air  Dump  Car  for  Steam  Shovel  Work.*      (86)      Apr.  30. 

The  Production  and  Working  of  Sheet  Brass.     Clarence  Hoyt  Stilson.      (9)      May. 
Tests   of    Smoke   Abatement   Devices.*       (Chicago   and    Northwestern.)       (25)       May; 

(15)      Apr.  25  ;     (  18)      Apr.  26. 
Making  a  Stone  Manufacturing  Press.*     F.  A.  Stanley.      (72)      May   1. 
Determination  of  Sulphur  in   Illuminating  Gas.*      R.   S.  McBride  and  E.  R.   Weaver. 

(Report  made  to  the  Bureau  of  Standards.)      (83)      May  1. 
Incandescent  Gas   Lighting.*      Hans  Graetz.      (83)      May   1. 
The   Westinghouse-Leblanc  Water  Vapor  Refrigerating   Machine.*      H.    J.   Macintire. 

(13)     May  1. 
Brown  Hoisting  Machines  at  Baltic  Street.  Brooklyn.*      (15)      May  2. 
A  New  Paper  Mill  Engine.*      (19)     May  3. 

Des  Grandes  Vitesses  en  M6canique.*      Maurice  Leblanc.      (92)      Mar. 
Transporteur   k   Cables   de  la   Sucrerie   Panggoondredjo,   pr6s   Kepa   Ndjan   &   Java.* 

(33)      Mar.   15. 
Exposition    Internationale  de  Machines-Outils    (Londres,  octobre,   1912).*      F.   Hofer. 

{33)      Serial  beginning  Mar.  29. 

•Illustrated. 
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Mechanical— (Continued). 

Etude   Geometriiiue  des  EJngrenages  H611coidaux.*      P.   Massot.      (37)      Mar.   31. 
Trocknen    mit    Rauchgasen    und    Heissluft    in    Verbindung    mit    Zick-Zackofen    und 

Ringofen.*     Witte.      (80)     Jan.  30. 
Die  flammenlose  Verbrennung  und  ihre  Bedeutung  fiir  die  Industrie.*     Richard  Blum. 

(48)      Feb.   22. 
Die  Vorgiinge   im  Gasgenerator   auf  Grund  des   zweiten   Hauptsatzes   der  Thermody- 

namik.*      Kurt  Neumann.      (48)      Serial  beginning  Feb.  22. 
Der  Wert  und  die  Berechnung  von  Helzer-Pramien.*      Winkelmann.      (80)      Feb.   27. 
Sulzer-Bohrloch-Kreiselpumpen*      Werner   Ahrens.      (48)      Mar.    1. 
Der  Dresslersche  Tunnelofen.     E.  Cramer.      (80)      Mar.   6. 
Neue  Saugluft-Getreideticber  und  audere  Forden  und  Lageranlagen,  ausgefiihrt  von  G. 

Luther  A,-G.    in   Braunschweig.*      Buhle.      (48)      Serial   beginning   Mar.    8. 
Die  Wahl   der   Betriebskraft.*      G.   Klingenberg.      (48)      Mar.   15. 
Die  Biegungsspannungen  in  iibcrlappten  Kesselnietnahten.*    E.  Daiber.   (48)  Mar.  15. 
Eine   neue  deutsche  Riittelformmaschine.*      Jakob  Leber.      (50)      Mar.    27. 
Neuere   Untersuchungen   iiber   die  Harte   des   Kokses.*      Oskar    Simmersbach.      (50) 

Mar.      27. 
Ueber  Materialveranderung  durch  Kaltwalzen.*      H.   Hanemann.      (50)      Apr.  3. 
Kohlenverbrauch  und  Rauchgasanalyse.*     A.  B.  Helbig.      (80)      Apr.   5. 
Ueber  Trommelmiihlen.*      Georg  Zeyen.      (80)      Apr.  10. 
Flammenlose  Oberflachenverbrennung.      B.   Neumann.      (50)      Apr.   10. 

MetallurgicaL 

The  Amalgamation  of  Gold  in  Banket  Ore.*     W.  R.  Dowling.     (74)      Vol.  20. 
Future  Economies   in  Rand  Reduction   Plants.*     C.   O.   Schmitt.      (74)     Vol.   20. 
The  Roasting  of  Complex  Ores  in  Gold  Assaying.     Arthur  C.  Hoare.      (74)      Vol.  20. 
The   Successive   Stages  in   the  Bessemerising  of  Copper   Mattes  as   Indicated   by  the 

Converter  Flame.*  Donald  M.  Levy.  (74)  Vol.  20. 
Chilian  Mills  in  Russia.*  H.  C.  Bayldon.  (74)  Vol.  20. 
Treatment  of  Refractory  Low-Grade  Gold  Ores  at  the  Ouro  Preto  Gold  Mine,  Brazil. 

R.  H.  Kendall.      (74)      Vol.  20. 
A  Prospector's  Method  of  Gold  Assay.     G.  M.  Austin.      (74)      Vol.  20. 
On  the  Theory  of  Blast-Roasting  of  Galena.     C.  O.  Bannister.      (74)      Vol.  21. 
Quick  Combination  Methods  in  Smelter  Assays.     A.  T.  French.      (74)      Vol.  21. 
The  Economics  of  Tube-Milling.*     H.  Standish  Ball.      (74)      Vol.  21. 
Notes  on    the   Valuation   of   Ores    and    Minerals    and   on    Metallurgical    Calculations. 

George  T.  Holloway.      (74)      Vol.   21. 
A   Plant  for  the  Enrichment  of  Pyritic  Blende  Concentrates.      E.   C.   Hugon.      (74) 

Vol.  21. 
Building  a  Mill   in  Central   America.*      R.   B.   Rogers.      (103)      Mar.   29. 
The  Determination  of  Vanadium  in  Ferro-V.anadium.     Wm.  W.  Clark.      (105)      Apr. 
Evolution  of  Methods  of  Handling  Slime.*      H.   N.   Spicer.      (105)      Serial   beginning 

Apr. 
Melting  Processes  of  the  Steel  Foundry.*      Edwin  F.   Cone.      (20)      Apr.   3. 
Chofeii   Mining   Company's   Reduction   Plant.*      J.    D.   Hubbard.       (103)      Apr.    5. 
Adequate  Sampling  in  Modem  Mill   Practice.*      Donald  F.   Irvin.    (103)      Apr.   5. 
Cyanidiiig   at   the   Nevada   Wonder   Mill.*      Herbert   A.    Megraw.      (16)     Apr.    5. 
Washing  Gold  and  Silver  from  Filter  Cakes.      A.  W.  Warwick.      (82)      Serial  begin- 
ning Apr.   5. 
Heat  Treatment  of  Alloy   Steels.      A.    F.    Mitchell.      (Abstract  of   paper    read   before 

the  Railway  Club  of  Pittsburgh.)      (18)      Apr.  5. 
Cyaniding   Zambona   Low-Grade   Silver   Ore.*      Harley   A.    and    Rush    T.    Sill.     (16) 

Apr.   12. 
Roe  Puddling  Process  Developments.*      David   E.   Roberts.      (Paper   read  before  the 

Staffordshire  Institution.)      (22)      Apr.  IS. 
Notes  on  the  Analysis  of  Zinc  Dust.     J.  E.  Clennell.      (16)      Apr.  19. 
The  Production  of  Sound   Steel   Ingots.*      Leslie  E.  Howard.      (20)      Apr.   24. 
Cyaniding  the  Ores  of  Republic,  Wa.sh.*      Herbert  A.  Megraw.      (16)      Apr.  26. 
Determination  of  Nickel  and  Cobalt.     R.  L.  Hallett.      (16)      Apr.  26. 
Cyanide    Practice   in    Canadian    Fields.*      Herbert   A.    Megraw.      (Abstract   of   paper 

read  before  the  Canadian  Min.   Inst.)       (82)      Apr.   26. 
Concentration  of  Telluride  Ores.     Henry  E.  Wood.      (16)      Apr.  26. 
Rapid  Silver  Estimation   in  Mill   Solutions.*      G.   H.   Clevenger.      (16)      Apr.  26. 
A  Five-Ton   Smelting  Furnace  That   Smelts.*      Clement  H.   Mace.     (16)     Apr.   26. 
The  Annealing  of  Steel  Castings.*     Edwin  F.  Cone.      (20)      May  1. 
The  Hardness  of   Metals,   Theoretical   Basis  of  Metal  Working.*      Thos.    A.   Eastick. 

(19)      May  3. 
Alteration    des    Metaux    par    Chauffage    apr§s    Deformation    Locale.*      Felix    Robin. 

(32)      Jan. 
Phenomene   de   la   Saillie  de  la  Constitution   de   Trempe   en   Aiguilles   des   Alliages.* 

Felix  Robin.      (92)      Mar.  .      ^  >  .    ^      tt  t. 

Le   Chauffage   des   Fours   &   Coke   aux  Gaz   de   Gazogenes   et   de   Hauts-Fourneaux.* 

Eugfene  Lecocq.      (93)      Apr.  ^^^^^^^ 

•Illustrated. 
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Metalturg;lcal     (Continued). 

Hie   Kloktrostahl-Erzeugung  voin   Gesichtspunkte   der  Grosslndustrie.*      W.    Ellender. 
(50)      Apr.  10. 

Military. 

The  Vibration  of  Rifle-Barrels.*      Francis  Carnegie.      (63)      Vol.   191. 
Concours    de    Trafteurs    Militaires    a    Quatre    Roues    Motrices    (Paris,    6-21    Mars, 
1913).*      D.   Duaner.      (33)      Apr.  12. 

Mining. 

Placer  Mining  with  Special  Reference  to  Hydraulic  Sluicing.*      N.  A.  Loggin.      (74) 

Vol.  20. 
The  Relationship   of   Structure   and   Petrology  to   the   Occurrence  of   Petroleum.*      A. 

Beeby   Thompson.      (74)      Vol.   20. 
The  Passagem  Mine  and  Works.*     Arthur  J.  Bensusan.      (74)      Vol.  20. 
Shaft    Sinking    Against    Water    in    Fissured    Ground    by    Cement    Injection.*      A.    L. 

Shrager.      (74)      Vol.   20. 
The  Future  of  the  Mining  Industry  from  an  Economic  Standpoint.     A.  G.  Charleton. 

(74)      Vol.   20. 
Fallacies  in  the  Theory  of  the  Organic  Origin  of  Petroleums.      Eugene   Cost.      (74) 

Vol.  21. 
Emeralds ;    Their    Mode   of   Occurrence    and    Methods    of    Mining    and    Extraction    in 

Colombia.*      Charles  Olden.      (74)      Vol.   21. 
The  Whim  Well  Copper  Mine,  West  Pilbara,  North-West  Australia.     H.  R.   Sleeman. 

(74)      Vol.  21. 
.Votes    on    a    Simple    Method    of    Separating    Rock    from    Stiff    Clays.*      F.    A.    Killlk. 

(74)     Vol.  21. 
The  Glen  Bismuth  Mines,  North  Queensland.    W.  C.  Walworth  Pearce.     (74)    Vol.  21. 
Unwatering  Tresavean  Mine.*      Cyril  Brackenbury.      (74)      Vol.   21. 
Notes  on  the  Operation   of  Two   Winding  Engines.*      Humphrey  M.   Morgans.      (74) 

Vol.   21. 
A   Submerged  Flexible- Joint  Main.      (Mines.)      Frank  Reed.      (74)      Vol.   21. 
Stoping   at  the   Calamon   Mine.*      E.    P.    Corbett   Sullivan.       (74)    Vol.    21. 
Gold   and  Platinum   Alluvial   Deposits  in  Russia.*      Leon   Perret.      (74)      Vol.   21. 
Recent  Practice   in   Diamond  Drilling  and   Borehole   Surveying.*      John   L.   Hoffman. 

(74)      Vol.   21. 
Recent  Legislation  in  Relation  to  Land  and  Mines.      Alexander  Smith,  M.   Inst.   C.  E. 

(106)      Vol.  44,  Pt.  4. 
The  Bellevue  Explosions,  Alberta,  Canada  ;  An  Account  of,  and  Subsequent  Investiga- 
tion Concerning  Three  Explosions  Produced  by  Sparks  from  Falls  of  Roof.*  John 

T.   Stirling  and  John   Cadman.      (106)      Vol.  44,   Pt.   4. 
Some  Note.s   on   Supporting   Underground   Roadways,  with   Special   Reference  to   Steel 

Arches.*       (For   Mines.)       David    Beveridge.       (Paper   read    before    the    National 

Assoc,   of  Colliery  Managers.)      (22)      Mar.   28. 
Copper  Mines  in  Chile.      Juan  Blanquier.      (103)      Serial  beginning  Mar.   29. 
Principles  of  Hydraulic  Mining.*      H.   L.  Mead.      (6)      Apr. 
Machine  Mining  in  Anthracite  Mines.*      Hugh  Archbald.      (45)      Apr. 
Stopping    Ventilation    at    Firing    Time.      W.    H.    Reynolds    and    Sim    Reynolds.       (45) 

Apr. 
Central  Station  Power  for  Mines.     J.  S.  Jenks.      (42)      Apr. 
Safeguarding  the  Use  of  Electricity   in   Mines.      H.   H.    Clark.     (42)     Apr. 
Purchased  Power  in  Coal   Mines.     H.   C.  Eddy.      (42)      Apr. 
Characteristics  of  Substation   Loads  at  the   Anthracite   Collieries  of  the  Lackawanna 

R.   R.   Co.*     H.  M.  Warren  and  A.  S.   Biesecker.      (42)      Apr. 
Alternating-Current  Motors  for  the  Economic  Operation  of  Mine  Fans.     F.  R.  Crosby. 

(42)    Apr. 
Central  Station  Power  for  Mines.     J.  S.  Jenks.      (42)      Apr. 

The  Significance  of  Dynamite  Grade  Marking.      F.  H.  Gunsolus.      (86)      Apr.   2. 
Explosive-s.      J.  K.  Moore.      (96)      Serial  beginning  Apr.  3. 
Installation    and    Manipulation    of    Coal-Cutters.*     J.    McCann.      (Paper    read    before 

the  Assoc,  of  Min.   Elec.   Engrs. )      (22)      Apr.   4. 
The  Testing  of  Safety  Explosives.      Vivian   B.   Lewes.      (29)      Apr.   4. 
Props   and   Beams  in   .Mines.      S.   M.   Dixon.      (Paper  read  before   the   Concrete   Inst.) 

(57)      Apr.   4  ;    (22)    Apr.   4. 
Sinking  a  Concrete  Shaft  Lining  through  Quicksand,  Difficult  Operation  Carried  out 

bv    a    Combination    of    the    Open-Dredging    and    Pneumatic    Caisson    Processes.* 

(U)      Apr.   5. 
Preliminary  Testing  of  Placer  Ground.     William  F.  Ward.      (Abstract  from  Colorado 

School  of  Mirics  Maqazine.)      (16)      Apr.  5. 
Mining  and   .Milling  in  the  Black  Hills,  S.   D.*      Jesse  Simmons.    (82)      Serial  begin- 
ning Apr.   5. 
Mining  in   Northern   New  York.*   P.   B.   McDonald.      (16)      Apr.    5. 
Standarlzation    of    Electrical    Equipment    in    Metalliferous    Mines.       (Report    of    Com- 
mittee of  Am.  Min.  Congress.)      (103)      Apr.  12. 

•Illustrated. 
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Mining— (Continued^. 

Mining  In  the  Belgian  Congo  in  1912.*     Sydney  H.  Ball.      (10.?>      Apr.  12. 

Low-Grade  Iron  Ores  and  Their  Beneflciation.*  Dwight  E.  Woodbrldge.  (82) 
Apr.   12. 

Driving  with   Machines  on  Tripods.*  Theodore  V.   K.    Swift.      (16)      Apr.   12. 

The  New  Coal  Dust  Experiments.  (Third  Report  of  The  Explosions  in  Mines  Com- 
mittee.)      (22)      Apr.  IS. 

The  Vi.-toria  Hydraulicing  Pump.*      (68)      Apr.   19. 

The  Importance  of  Hoist  Investigations.*  Geo.  E.  Edwards.  (82)  Serial  begin- 
ning Apr.  19. 

Sinking  the  Hancock  No.  2  Shaft.*     Claude  T.  Rice.      (16)     Apr.  19. 

Diamond  Prospecting  and  Washing  Devices.*  W.  J.  Dick.  (Paper  read  before  the 
Canadian    Min.    Inst.)     (16)     Apr.    26. 

Mining  Costs  in  the  Missouri-Kansas  District*     Charles  W.  Burgess.    (82)   Apr.  26. 

Electric  Power  at  California  Mines.*  Warren  Aikens.  (82)  Serial  beginning  Apr. 
26. 

Rand  Practice  in  Deep  Shaft-Sinking.*  Charles  B.  Brodigan.  (103)  Serial  be- 
ginning Apr.  26. 

Hydraulic  Elevator  Work  on  Anvil  Creek,  Nome,  Alaska.*  C.  W.  Purington.  (103) 
Apr.  26. 

Flushing  Anthracite  Workings.*      (45)      May. 

Effect  of  Coal  Mining  on  the  Surface.*  H.  F.  Bulman.  (Trans,  of  paper  by  M. 
Fayol  read  before  Societe  de  I'lndustrie  Minerale  1885.)  (45)  Serial  begin- 
ning May. 

Safe  Timbering.*      (For  Mines.)      (45)     May. 

Working  Anthracite  Culm  Piles.*      (45)      May. 

Abbau  von  Gesteinen.*     O.   Schott.      (80)      Mar.  27. 

Miscellaneous. 

On  the  Ancient  Weights  of  Britain.     Wilfrid  Airy.     (63)      Vol.  191. 

Economics   of   Engineering.      W.    A.    J.    O'Meara.      (Abstract   of   paper    read    at    the 

Faraday  House.)      (73)      Apr.  4. 
An   English  Decimal  System  of  Weights  and  Measures.     P.  S.   Bond.      (14)      Apr.   5. 
Standard    Clauses    for     Inclusion    iu     a     Specificalion    of     Street    Lighting.       A..    P. 

Trotter.      (Abstract   of   paper    read    before    the    Illuminating   Eng.    Soc.)       (73) 

Apr.   18  ;    (66)    Apr.  22. 
Characteristics     and     Differentiation     of     Native     Bitumens    and     Their     Residuals. 

Clifford  Richardson.      (14)      Apr.  26. 
Physical   Valuation   of  Public    Utilities.     R.  S.  Hale.      (9)      May. 
Notice   sur  Quelques   Produits   Miniers  de   Madagascar.*     F.   Bonneford.      (32)     Jan. 

Municipal. 

The  Development  of  Parks  and  Playgrounds  in  the  South  Park  System  of  Chicago.* 
H.   S.  Richards.      (99)      1910. 

Fire  Protection  in  North  Germany.     Alcide  Chausse.      (99)      1910. 

Co-Relating  Sidewalk  Grade  to  Curb  Grade.*     Clark  G.  Anderson.      (99)      1910. 

Close-Jointed,  Heavily  Grouted  Granite  Pavements.*     Wm.  A.  Howell.      (99)      1910. 

Bituminous  Pavements — Patented  and  Otherwise.     E.  A.  Kingsley.      (99)      1910. 

Repairing  Asphalt  Pavements.      Henry  C.   Allen.      (99)      1910. 

Economics  of  Modern  Highway  Engineering.      Arthur  H.  Blanchard.      (99)      1910. 

Paving  Methods  in  Erie.*      Faulkner  G.  Lynch.      (99)      1910. 

Report  of  Sub-Committee,  Am.  Soc.  of  Mun.  Improvements,  on  Wood  Block  Paving 
Specifications.      (99)      1910. 

Asphalt  Pavement  Specifications.      F.   P.   Smith.      (99)      1910. 

Some  Observations  in  Matters  of  Contraction  and  Expansion  of  Vitrified  Brick  Street 
Pavements.*     Will  P.  Blair.      (99)      1911. 

Report  of  Committee,  Am.  Soc.  of  Mun.  Improvements,  on  Standard  Paving  Specifi- 
cations.     Charles  C.   Brown.      (99)      1911. 

Brick   Pavement   Specifications,   Am.    Soc.    of  Mun.   Improvements.      (99)      1911. 

Report  of  Sub-Committee,  Am.  Soc.  of  Mun.  Improvements,  on  Bituminous  Paving 
Nomenclature.     Linn  White.      (99)      1911. 

Asphalt  Pavement  Specifications,  Am.  Soc.  of  Mun.  Improvements.      (99)      1911. 

Maintenance   and   Development   of  Parks.*      H.    S.    Richards.      (99)      1911. 

Report  of  Committee  on  Street  Paving.  (Am.  Soc.  of  Mun.  Improvements.)  William 
A.  Howell.      (99)      1911. 

Bituminous  Concrete  Pavements.     H.  G.  Lykken.      (99)      1911. 

Bitucrete,   Its  Development  and  Use.     A.  E.   Schutte.   (99)      1911. 

Standard  Tests  for  Asphalt  Cements  for  Sheet  Asphalt  Pavements.  J.  W.  Howard. 
(99)      1911. 

Notes  and  Queries  on  Grouted  and  Sand-Filled  Brick  Pavements.*  Maury  Nichol- 
son.     (99)      1911. 

Concrete  Roads.*     Edward  N.  Hines.      (4)      Mar. 

Road  Construction  and  Maintenance.*     Richard  W.  R.  Twelvetrees.      (104)     Mar.  28. 

Road  Foundations.      (67)      Apr. 

Road  Construction  in  Michigan.*     Frank  F.  Rogers.      (60)      Apr. 

♦Illustrated. 
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Municipal—!  Continued ). 

Ideal   PlayKi-ounds.*      A.  W.  DunninK.      (60)      Apr. 

AveraKe  I'nit   Prices  of  Pavements  Constnieted   iii   1912   in   568   Cities.      (86)    Apr.   2. 

Instructions  of  the  Bureau  of  Highways,  Manhattan  Borough,  New  York  City,  for  the 

Guidance  of  Its   Inspectors  of  Street  Paving.     E.  P.  Goodrich.      (86)      Apr.   2. 
Some  Notes  on  Asphalt  Pavement  Construction  in  1912.      (86)      Apr.  9. 
Durax    Pavement    and    a   Machine  for   Cutting  the   Blocks.*      (86)      Apr.    9. 
Road   Metals.      \V.   A.   McLean.      (96)      Apr.   10. 
Costs  of  Concrete  Pavement.      (From  Joui~nal  of  the  Am.  See.  of  Eng.  Contractors.) 

(96)      Apr.   10. 
An   Unusual    Design   for  Paving  a  Street  Intersection.*     S.    Cameron   Corson.      (1.^) 

Apr.    10. 
Road  Carpet.9.     W.  W.  Crosby,   M.   Am.   Soc.   C.  E.      (J04)      Apr.   11. 
The  Value  of   Specifications   and   Tests   for   Bituminous   Materials.   Charles   S.   Reeve. 

(Paper    read    before   the   Am.    Assoc,    for   the    Advancement    of    Science.)       (86) 

.A,pr.   16. 
The  Red  and   Black  Roads  of  Saskatchewan.      (96)      Apr.   17. 
The  Wheel   and  the  Road.     R.   E.  Crompton,  M.   Inst.  C.  B.      (Paper  read  before  the 

Institution   of  Automobile  Engrs.)       (104)      Apr.   18. 
Some  Considerations  Concerning  Rolling  Resistance.     L.  H.  Hounsfleld.      (Paper  read 

before  the  Institution  of  Automobile  Engrs.)      (104)      Apr.  18. 
Abstract  of   Report  on   the  City  of  Toronto  Traffic   Requirements.      B.   J.   Arnold  and 

T.  W.  Moyes.      (96)      Apr.  24. 
Proposed  Highway  Bridge  and   Highway  Tunnels   across  the  Hudson   at  New  York.* 

(13)      Apr.  24. 
Road  Construction  and  Maintenance  in  the  Philippines.      (86)      Apr.   30. 
Clay   Clinker  Road   Construction.      (86)      Apr.   ,30. 

The  Rock  Asphalt  Pavements  of  Lawton,  Okla.*     Frank  B.  King.      (86)      Apr.  30. 
European  Creosote  Specifications  for  Paving  Block  for  City  Streets  ;  Discussion  of  the 

Desirability   of    Reducing    Amount   of    Oil   Impregnation.      E.    A.    Sterling.    (13) 

May  3. 
Strassenquerschnitte.*      Ewald   Genzmer.      (39)      Jan.    20. 

Ziegelpflaster  im  neueren  Strassenbau.*      Edward  Schneider.      (80)      Feb.  18. 
Die  Herstellung  von  Pflasterklinkern.*     Ad.  Schmelzer.      (80)      Mar.  4. 
Beitrag  zur  Frage  der  Verbesserungen  des  schweiz.      Strassennetzes.*      A.  Schlaepfer. 

(107)     Serial  beginning  Apr.  19. 

Railroads. 

Alterations   and   Improvements   of  the   Port  Talbot   Docks   and   Railways   During   the 

Last  Decade.*      William  Cleaver.      (63)      Vol.   191. 
Mechanical  Handling  of  Coal  for  British  Locomotives.*     Charles  John  Bowen  Cooke. 

(63)      Vol.   191. 
The  New  Locomotive  Laboratory  at  the  University  of  Illinois.*     Edward  C.  Schmidt. 

(58)      Mar.   18. 
Pennsylvania  Terminal  Signals   and   Interlocking.*      (23)      Mar.   28. 
Inspection  of  Locomotive  Boilers.      .Tohn   F.   Ensign.      (Abstract  of  paper  read  before 

the  St.  Louis  Ry.  Club.)      (94)      Apr. 
The  Railway  Tunnels  of  New  York  City.*      Alfred  Noble.    (3)      Apr. 
Locomotive  Building  in  New  Zealand.*      (21)     Apr. 
British  Locomotives  in  1912.*     J.  F.  Gairns.      (88)     Apr. 

Description  of  54-Ft.   Corridor  Composite  Carriage  of  the  Midland  Railway  of  Eng- 
land.*     D.   Bain.    (88)    Apr. 
Causes  and  Cure  of  Deficient  Use  of  Freight  Cars.      L.  F.   Loree.      (9)      Apr. 
Locomotive  Connecting  Rods.*     H.  A.  F.  Campbell.      (25)      Apr. 
Chrome- Vanadium  Steel  Wheels.      (25)      Apr. 

Superior  European  Roundhouse  Facilities.*     Henry  W.  Jacobs.      (25)      Apr. 
Shop   Improvements   at  Burnslde,   111.*      (25)      Apr. 
Repairing  Locomotive  Driving  Boxes.*      M.  D.  Franey.      (25)      Apr. 
Fifty-Ton  Low  Side  Gondola.*      (25)      Apr. 
Steel   Underframe  Car  for  the  Reading.*      (25)      Apr. 
Locomotive  Valve  Gear  Driven  from  the  Crosshead.*      (25)      Apr. 
Railway  Switches  and  Track  Layouts.*      J.  L.  Busfleld.      (96)      Apr.  3. 
A   New  Railway  Freight  Terminal  at  St.  Louis.*      (13)      Apr.  3. 

The  Sand  Patch  Tunnel  Improvements.*      (Baltimore  &  Ohio  R.  R.)      (15)      Apr.  4. 
Transcontinental   Commodity  Rates   Increased.      (Report  of  the   Interstate   Commerce 

Comm.)       (15)     Apr.  4:     (18)    Apr.   5. 
Damage  by  Floods  to  Railroads.      (15)      Apr.  4. 
Heavy   2-8-4   Type  Tank   Locomotive,   Antofagasta   (Chili)    and   Bolivia   Railway   Co.. 

Ltd.*       (23)         Apr.   4. 
The   Vaughan   Rail    Anchor.*       (23)      Apr.    4. 
Modern  Locomotive  Practice  in  Europe  and  America.     Lawford  H.  Fry.      (Paper  read 

before  the  Institution  of  Locomotive  Engrs.)  (23)  Apr.  4;  (11)  Apr.  11. 
Superheater  Shunting  Engines  with  Gaines  Combustion  Chamber.*  (23)  Apr.  4. 
Passenger  Locomotive   for  the   South   Indian   Railway.*       (12)      Apr.   4. ^^^ 

♦Illustrated. 
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Railroads— (Continued) 

I^npine  Derailments.*      (12)      Apr.  4. 

Hopper  Bottom  Grain  Car,  Grand  Trunk  Ry.*      (18)      Apr.  5. 

Vanadium  Springs  in  Locomotive  Service.      (18)      Apr.  5. 

Locomotives  for  tlio  Cliicngo  &  Western  Indiana  R.  R.    (18)      Apr.   5. 

Ttie    Electrification   of   Steam    Railw.iys.*      N.    W.    Storer.       (Abstract  of   paper    read 

before  the  Cleveland   Eng.   Soc  )       (6)      Apr.   10. 
Southern   Ry.   Freight   Station   and   Office   Building  at  Atlanta,   Ga.*      (15)     Apr.   11. 
New  Yorlv's  Freight  Terminal   Problem.*      (15)      Apr.   11. 
The  L.  &  N.  W.  Ixicomotive  Sir  aHhert  Clauphton.*      (12)      Apr.  11. 
Automatic   Stops  and  Audible  Signals.      (New  York,   New  Haven  &  Hartford  R.   R.) 

(15)      Apr.  11. 
National   Valuation    Convention   Urged.      H.    Bortln.      (15)      Apr.    11. 
Transportation    Facilities    in    Central    Africa.*        Sydney    H.    Ball    and    Willard    K. 

Shaler.    (103)      Apr.   12. 
The    Piecework    or    Unit    System    of    Handling    Ties    and    Timbers    in    the    Timber- 
Treating   Industry.     W.   W.   Eldridge.    (Abstract  of  paper  read  before   the  Am. 

Wood  Preservers'  Assoc.)      (86)      Apr.  16. 
The    Mittcnwald    and    Rjnkan    Railways.*       (From    the   Electrical    Review.)         (96) 

Apr.  17. 
The  North-Eastern  Railway's  Stumpf  Locomotive.*      (12)      Apr.  18. 
Railway  Drainage.*      (12)      Serial  beginning  Apr.  18. 
Freight  Rates  by  Water  and  by  Rail.      J.  L.   Payne.      (15)      Apr.  18. 
New  Classification  Yard   at  Winnipeg.*      (IS')      Apr.  18. 
Classification    of    Second-Hand    Rail.      Jay    See.     (15)     Apr.    18. 
The  Gale>hurg  Tie  Plant  of  the  C,  B.  &  Q.*      (IS)      Apr.  18. 

Terminal   Improvements  of  the  E.   .7.  &  E.   Ry.  at  Rossville,   111.*      (18)      Apr.  19. 
The  Oakland.   Antioch  &  Eastern  Railway,   California.*      (17)      Apr.   19. 
Peculiar  Explosion  of  Locomotive  Boiler.*     f64>      Apr.  22. 
The   Problem    of    the    Steel    Rail.*      A.    J.    Beaton.       (From    South    African    Railway 

Maoarinc.)      (96)      Apr.  24. 
New  D.,   L.  &  W.  Line  North  of  Scranton.  Pa.*      (IS)      Apr.   25. 
The  Nicholson  Relocation  of  the  Lackawanna  Railroad  :   Characteristics  of  New  and 

Old   Alignment    and    Principal    Consideration    for    Change.*      G.    J.    Ray.       (14) 

Apr.  26;    (18)    Apr.   26. 
Use  of   Screens   to   Clean   Stone   Ballast,    New  Method   and    Apparatus   Developed   on 

the  Baltimore  &  Ohio  Railroad.*      (14)      Apr.  26. 
Large   Mikados  for  the  Lake  Shore.*      (25">      May;    (15)    May  2. 
Distribution  of  Power  in  Mallets.*     Paul  Weeks.      (25)      May. 
Locomotive  Cab   Furnishings.*      Alden  B.   Lawson.      (25)      May. 
Refrigerator  Cars  for  the  Union   Pacific*      (251      May. 
Gasolene  Cars  for  the  Holton  Interurban.*      (25)      May;    (15)      May  2. 
The   Hudson    Bay    Route.*      William    Batten    McPherson.       (From    Applied    Science.) 

(9)    May. 
The   New    Grand    Central    Terminal    Station    in    New    York    City ;    an    Underground 

Double-Deck  Terminal.*      (13)      May  1. 
A  New  Design  of  Electric  Locomotive  for  the  New  York  Terminal   Zone  of  the  New 

York  Central   Railroad.*       (13)      May    1:    (IS)    Apr.    11. 
Note  sur  le  Chemin  de  Fer  Electrique  de  la  Bemina.      J.   Lheriaud.      (38)      Jan. 
Quelques  Notes  sur  les  Locomotives  Anglalses.*     L.  Port.        (38)      Serial  beginning 

.Jan. 
Double  Passage  Tubulaire  sous  la  Seine  Execute  de  1906  k  1909  pour  la  Traversge 

du   Chemin  de  Fer  Nord-Sud   de  Paris.*      Bechmann   et  Masson.       (43)      Jan. 
Les  SystSmes  de  Signalisation   du  Metropolitain  et  du  Chemin   de  Fer  Nord-Sud  de 

Paris.*      J.   Quinat.      (3^)      Mar.   1.5. 
Projet  d'Electrification  des  Lignes  de  Petite  Banlleue  aboutissant  aux  Gares  de  I'Etat, 

a  Paris.*     M.  Guignard.      (33)      Mar.  22. 
Embranchements  et  Gares  Annexes,  ProjStSs  h  Tourcoing  et  k  Roubaix    (Nord).*     J. 

Trgviferes.      (33)      Mar.  29. 
Note  sur  les  Locomotives  Compound  Types  "Consolidation"  et  "Decapod"  de  la  Com- 

pagnie  du   Chemin  de  Fer  du   Nord  k   Roues  dc  Im,   .5.50.*      Bonnin.      (38)    Apr. 
Le  Chemin  de  Fer  de  Mariazell.*     R.  Kratochwil.      (38)      Apr. 
Locomotive-Tender   k   Six   Essieux    Couples   des    Chemins   de   Fer   de   I'Etat,    k   Java 

(Indes  orientales   neerlandaises")  .*      (34)      Apr. 
Verfahren  zur  Bestimmung  der  Belastungsgren/.en   der   Darapflokomotiven.*      Strahl. 

(48)      Serial  beginning  Feb.   15. 
Personcn-Schwebebahn  auf  dem  Kohlererberg  bei  Bozen    (System  Bleichert  &  Co.).* 

Hans   Wettich.      (51)      Serial   beginning   Mar.   22. 
Ueber  Beleuchtung  der  Eisenbahnfahrzeuge  mit  Gnsgliihlicht.*     W.  de  Jong.      (102) 

Apr.   1. 

Railroads,  Street. 

New  Cars  for  Rochester.*      (17)      Apr.   5. 

New  Paint  Shop  of  the  Detroit  United  Railways.*      (17)      Apr.  12. 

*Illustrated. 
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Railroads.  Street    ^Continued.) 

Street  Car  Service   and  Vehicle  Uongestion.*      (86)      Apr.   16. 

Center-Kiitrance   Cars   for   Brooklyn.*       (17)      Apr.    19. 

Power   Plant  of  Jacksonville  Traction  Co.*      (64)      Apr.   22. 

New  Woodworking  Shop  of  Omaha  &  Council  Bluffs  Street  Railway.*     (17)   Apr.  26. 

Sidi'-Kutranee  Car  for  White  and  Colored  Passengers.*      (17)      Apr.   26. 

l)(>ublc-Uage  Track  on  an  Electric  Railway.*      (13)      May  1. 

Progress   in    San   Francisco   Transportation    Improvements.*    (13)     May    1. 

Maschinensatz     zuni     Ausgleich     der     Netzspannungsschwankungen     im     elektrotech- 

nischen     Institut    der    Technischen    Ilochschule    zu    Hannover.*      E.     Beckmann. 

(41)      Apr.    3. 
Pie  neuen   Liuien   der  Pariser  Stadtschnellbahn.*      (41)      Apr.    17. 

Sanitation. 

Present  Use  of  the  Septic  Tank.  Henry  N.  Ogden.  (99)  1910. 
Municipal  Sanitation  in  Cuba.*  R.  Winthrop  Pratt.  (99)  1910. 
Construction    of    Exposed    Sewers   at    Leavenworth,    Kansas.*      Joseph    O'Neil.       (99) 

1910. 
Notes  on   the    Design   and   Construction  of   the  Sewage  Disposal   System  of   Toronto.* 

C.  H.   Rust.      (99)      1910. 
European   Sewage   Disposal  Works.*      Rudolph    Hering.      (99)      1910. 
Report  of  the   Committee,   Am.   Soc.   of  Mun.   Improvements,   on   Street  Cleaning   and 

Garbage    Disposal.      Louis    L.    Tribus.       (99)     1910. 
District    Steam    Heating    Plants.*      Paul    Mueller.      (99)      1910. 
Report    of    Sub-Committees,    Am.    Soc.    of    Mun.    Improvements,    on    Standard    Sewer 

Specifications.      E.    J.    Fort.       (99)     1911. 
Sche<lule  of   Analytical    Data   for   Sewer   Pipe,    Demands   and   Properties ;    Mill,    Field 

and    Laboratory    Tests.      (99)       1911. 
The  Sanitation  of  Swimming  Pools.      John   W.   M.   Bunker  and   Melville  C.   Whipple. 

(99j      1911. 
Chicago    Sewage  Disposal    Experiment   Station.*      Langdon   Pearse.      (99)      1911. 
Report   of    Committee,    Am.    Soc.    of   Mun.    Improvements,    on    Garbage    Disposal    and 

Street    Cleaning.      Louis    L.    Tribus.      (99)      1911. 
Storm   Water  Discharge.      R.   O.   Wynne-Roberts  and  T.   Brockmann.      (104)      Serial 

beginning  Mar.   28. 
The    Collection    and    Disposal    of    Municipal    Waste.      G.    H.    Herrold.      (Paper    read 

before  the    Civil    Engrs.'   Soc.    of   St.    Paul.)       (I)      Apr. 
Cost   of    Sewer   Trenching   with    a   Carson    Machine    at    Moundsville,    W.    Va.      A.    W. 

•  Peters.      (86)      Apr.   2. 
Some   Notes   on   the  Disposal   of   Sewage   Tank    Sludge.      Charles    Brossman.      (Paper 

read  before  the   Indiana  Sanitary  and   Water   Supply   Assoc.)       (86)      Apr.   2. 
Specifications    for    Dust   Collecting    Systems.*      William    Newell.      (101)      Apr.    4. 
Heating  a  Mammoth  Post  Office.*      L.   B.  Marks  and  J.  E.  Woodwell.      (101)      Serial 

beginning  Apr.   4. 
Sewage-Treatment    Studies    at    Akron,    Ohio,    Results    of    Experiments    with    Settling 

Tanks  and  Filters  of  Several  Types.*      (14)      Apr.  5. 
Rates  of  Rainfall  for  Storm-Sewer  Calculations.     J.  A.  Cushman.      (13)      Apr.   10. 
A    New    Type    of    Sewage    Sedimentation    Tank,    Mount    Washington,    Md.*      Howard 

T.   Oliver.      (  13)      Apr.   10. 
Utilizing  a  City's  Wastes  for  Filled  Land.      (14)      Apr.    12. 
An  Outfall  Sewer  of  Corrugated  Iron  Pipe  and  Measurements  of  its  Internal  Friction.* 

(13)      Apr.    17. 
Sewage  Disposal,   Nuneaton,   England.      (96)      Apr.  17. 
Heating  Portland's  Tallest  Office  Building.*      (101)      Apr.    18. 
The   Reduction    in   Typhoid   Fever   Rates    in    16    Cities   in    New   York    Resulting    from 

Improved   Water  Supplies.      (86)      Apr.   23. 
Tile   Drainage  and   its   Relation  to  Floods.      C.   G.   Elliott.      (Abstract  of   paper   read 

before    the    National    Drainage    Congress.)       (13)      Apr.    24. 
Revolving   Drum    Screens    for    Sewage.*      Kenneth    Allen.      (14)      Apr.    26. 
Artificial   Island  Proposed  for  New  York  Sewage  Disposal.      (14)      Apr.  26. 
District  Heating  by   Steam  and  Hot  Water.      L.    B.   Lent.      (64)      Apr.    29. 
Cost   of  Street   Cleaning   at   Spokane,    Wash,    in    1912.      (86)      Apr.    30. 
The   Design   of   the    Sewage  Treatment   Plant   at   Albia,    Iowa.*      M.    G.    Hall.       (86) 

Apr.  30. 
Method    and    Cost   of    Operating    a    Waste    Paper    Baling    Press    in    Connection    with 

Collection     of     Municipal     Refuse     in     Evanston,      111.*      H.     H.     Sherer.      (86) 

Apr.    30. 
A  Rational  Culvert  Formula.      (For  Sewers.)      W.  W.  Horner.      (13)      May  1. 
Sewage  Treatment  Plant  for  the  Julietta  Insane  Hospital,  Indiana.*      Charles   Bross- 

mann.      (13)      May    1. 
Furnace   Heating   in   Suburban    School    Building.*      (101)      May   2. 
Mosfjuito   Extermination   and   its    Problems.*      (14)      May   3. 
L'Epuratlon   Biologique   des    Eaux    Usees    par    la   Fosse    Septique    Completee.*       (35) 

Apr.    12.  ^ 

•Illustrated. 
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Sanitation-   i  Continued). 

Erfahrungen    mit    Abwasserpumpen    bei    klelneren    Klaranlagen.       R.    Schmeitzner. 

(39)      Jan.    5. 
Beschickungp-    und     Entleerungaapparat    fiir    Fiill-     und    Tropfkorper    biologischer 

Klaranlagen  sowie  Wasserniesscinrichtungen.   (D.  R.  P.  No.  170  460).*  A.  Schu- 
mann.     (30)      Jan.  5. 
Beitrag  zur  Theorie  de.-^  Verzogcruug.splans.*     Fr.  Rhelnheimer.      (39)      Jan.  20. 
Das   Bereohnen   stiidti.'^cher  Entwa.s.serungskanale.*      A.    Schulze.      (39)      Jan.    20. 
Die  Reinigung  von   Farbereiabwa.ssern.*      Arthur  Battige.      (7)      Mar.   15. 
Der    Wasserabschluss    bei     Strassensinkkasten.     Sprengel.      (39)      Mar.     20. 
Verbes.serung    der    Reinigungswirkung    in    Absitzbehaltern     durch    Einfiihrung     von 

Prismenlelsten.*      B.    Saslawsky.      (7)      Mar.    22. 
Die  Heizungs-  und  Luftungsanlagen   und  einige  andere  technische  Einrichtungen   im 

Neubau    des   Wiener    Bank-Vereines.*      Arnold    Steinrr.      (53)      Mar.    28. 
Die  Abwasserbeseitigung  der  Villenkolonie  "Ncu-Westend"  und  der  Eigeuhauskolonie 

bei  Stettin  ;  ein  Beitrag  zur  Abwasserbcseitigungsfrago  im  Klcinbetrieb.      Endris. 

(7)      Mar.    29. 
Xeuere    Miillverbrennungsanlagen.*       Norbert    Wechsler.       (53)       Serial    beginning 

Apr.    11. 

Structural. 

On  the  Theory  of  Arched  Ribs.*      Charles  Vivian  Childs.      (63)      Vol.   191. 

Simple    Method    for    Determining    Stresses    in    Hingeless   Elastic    Arch    Ribs.*      T.    J. 

Wilkerson.      (58)      Mar. 
The   Accident   to   a   Gasholder  at  Ilkeston.*      A.    G.   Drury,   M.    Inst.    C.    E.      (Report 

made   to   the  Home  Secretary.)       (66)      Mar.   25. 
Tests  of  Fireproof  Construction  for  the  City  of  New  York.*    Harold  Perrine.   (6)  Apr. 
The  Unit  Method  of  Reinforced  Concrete  Construction.*     John  E.  Conzelman.    (Paper 

read   before  the   Engrs.'   Club  of  St.    Louis.)       (1)      Apr. 
Initial    Stresses    in    Structural    Steel.*      Joseph   R.   Worcester.      (Paper   read   before 

the  Boston  Soc.  of  Civ.  Engrs.)       (1)      Apr. 
Tests  to   Determine  the   Effect  of   Stone   Dust  in   the  Concrete  Aggregate.*      Francis 

Dawson.      (36)      Apr. 
Lateral   Earth   Pressures.*      Roberts  J.   Mann.      (36)      Apr. 

Comparative  Tests  of  Slag  and  Stone   Concrete.*      (36)      Apr.  ;     (86)      Apr.   30. 
The  Pressure  of  Concrete  on   Forms.*      (86)      Apr.   2. 
The    Provision    and    Arrangement    of    Working-Class    Dwellings.*       (Report    of    the 

Local    Government    Board.)       (104)      Apr.    4. 
Alkali-Resisting    Concrete.       (Paper    read    before    the    Inter.     Assoc,     for    Testing 

Materials.)       (96)      Apr.  10. 
Paint    as    an    Engineering    Material.      Maximilian    Toch.      (Abstract    of    paper    read 

before  the  Am.   Chemical   Soc.)       (96)      Apr.   10. 
Reinforced-Concrete    Factory    Built    under    Unusual    Conditions.     N.     D.    Brainard. 

(14)      Apr.   12. 
Fidelity   Trust   Building  Extension.*     4.14)      Apr.    12. 
The    Construction    of    Foundations    for    a    Large   Boiler    House.*     Alden    W.    Welch. 

(86)      Apr.   16. 
Copper   in    Steel,    Its    Influence   on    Corrosion.*      D.    M.    Buck.       (Paper    read   before 

the   Am.    Chemical    Soc.)       (20)      Apr.    17  ;     (62)      Apr.    21. 
A  New  Specification  for  Sulphate  Content  in  Portland  Cement.      (Paper  read  before 

the  Inter.  Assoc,  for  Testing  Materials.)       (96)      Apr.   17. 
Reinforced    Concrete   Design.     J.    A.    Davenport.      (Paper    read   before    the    Concrete 

Inst.)       (96)      Apr.    17. 
Specifications  for  Wood  Block  Floors.*      (20)      Apr.  24. 
Effects  of  Electric  Currents  on  Concrete.     E.   B.   Rosa,  Burton  McCollum   and  O.   3. 

Peters.      (96)     Apr.  24. 
Ek:onomical  Depth  of  T-Beams.*     R.  W.  Stewart.      (13)      Apr.  24. 
Economical  Design  of  Steel  Girders  Embedded  in  Concrete.*     George  Paaswell.      (13) 

Apr.    24. 
Deep  Foundation  Pits  in  Quicksand.*      (14)      Apr.  26. 
Characteristics  and  Differentiation  of  Native  Bitumens  and  Their  Residuals.     Clifford 

Richard.-^on.      (14)      Apr.   26. 
The  Protection  of  Steel   from  Corrosion.*      Henry  Williams.      (9)      May. 
The  Effect  of  the  Omaha  Tornado  on  Structures.*      Albert  C.  Arend.      (13)      May  1. 
Shearing    Strength    of    Joints    between    Old    and    New    Concrete.*      John    R.    Nichols. 

(Abstract  from   Harvard  Engineering  Journal.)      (14)      May  3. 
Le   Theatre   dcs   Champs-Elysees,    a,   Paris.*      Louis    Gellusseau.      {iS)      Apr.    5. 
Das  Holz  als  Baustoff.      G.   Lang.      (81)      Serial  beginning  Pt.   2. 
Zur   Bemessung   doppeltbewehrter  Eisenbetonplatten   und    Eisenbetonbalken.      Schack. 

(81)      Pt.    2. 
Hochgefluder  unJ  Aschenrampe  aus  Eisenbeton.*     Kupfer.      (80)      Jan.   4. 
Beton   zur   Ausbesserung   von   Holzmasten.*      (80)      Jan.    4. 
Bestimmung    des    spezifischen    Gewlchtes    des    Zementes    nach    Lievin.*       H.    Saches. 

(80)      Feb.    11. 

♦Illustrated. 
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Structural     i  Continued). 

Ton-Silo    iius    Eisenbeton.*      Burghardt.      (80)      Feb.    13. 

Vorlagenhalle    aus    Eisenbeton.'      Kupfer.      (80)      Mar.    8. 

Der  Xeubau  des  Wiener   Bank-Vereines.*      (S3)      Mar.  21. 

Eiserne   Spundwiinde    in   Deutschland.*      R.    Scheck.      (40)      Mar.    22. 

Der   neiie   Schlacht-   und   Viehhof  in   Gelsenkirchen.*      (80)      Mar.    22. 

Die    Badeanstalt    der    Gemein.'^amen    Ortskrankenkasse    zu    Dannenberg    a.    d.    Elbe.* 
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THE    ELEVATION   OF   THE    TRACKS 

OF  THE  PHILADELPHIA 

GERMANTOWN  AND  NORKLSTOWN  RAILROAD, 

PHILADELPHIA,  PA. 


By  Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  June  4th,  1913. 


It  is  the  purpose  of  this  paper  to  present  the  more  interesting 
features  of  the  work  of  abolishing  grade  crossings  on  the  line  of  the 
Philadelphia,  Germantown,  and  Norristown  Railroad,  a  leased  line 
of  the  Philadelphia  and  Reading  Railway,  in  the  City  of  Philadelphia, 
between  Green  Street  aiul  tho  Richmond  Branch  Crossing  near  Wayne 
Junction. 

The  Philadelphia  and  Reading  Railway  enters  the  heart  of  the 
City  of  Philadelphia,  to  the  Reading  Terminal  at  Twelfth  and  Market 
Streets,  by  two  principal  routes : 

First. — From  the  main  line  on  the  Schuylkill   River  through  the 

Subway  on  Pennsylvania  Avenue. 
Second. — From    Wayne   Junction    via    private    right    of   way    and 
Ninth  Street. 
The   avoidance  of  grade   crossings   on   the  first  line   has  been   de- 
scribed in  the  Transactions*    It  is  the  purpose  of  this  paper  to  describe 
the  second,  which  has  recently  been  completed. 

Note. — These  papers  are  issuod  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and.  when  finally  closed,  the 
papers,   with  discussion   in   full,   will   be  published    in    Transactions. 

*  Transactions.  Am.  Soc.  C.  E..  Vol.  XLIV,  p.  1:  and  Vol.  XLVIII.  p.  470. 
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work  was  introduced  into  Councils  and,  after  discussion  in  that  body, 
was  finally  agreed  to  by  both  interests,  passed  by  Councils  on  October 
4th,  1906,  and  approved  by  the  Mayor  on  October  13th,  1906.  This 
ordinance  also  included  the  abolishment  of  certain  grade  crossings  on 
the  Richmond  Branch  of  the  same  railway  between  Somerset  and 
Richmond  Streets,  which  work  will  not  be  described  here. 

On  March  28th,  1907,  the  agreement  authorized  by  Councils  was 
formally  signed  by  the  proper  officials  of  the  City  and  the  Railway 
Company.     This  agreement,  among  other  things,  provided,  as  follows: 

1st.  The  legal  authority  for  the  City  to  revise  the  city  plans,  on 

account  of  the  changes  of  grade  of  the  streets,  etc. 
2d    Authorization  of  the  city  officials  to  prepare  plans,  specifica- 
tions, and  contracts  for  the  changes  of  grade  of  the  street,  and 
the  opening  of  new  streets,  said  plans  and  contracts  to  be  ap- 
proved by  the  Railway   Company. 
3d    Authorization  of  the  Railway  Company  to  prepare  plans  and 
contracts  for  the  work  of  raising  its  tracks,  with  the  bridges 
and  all  other  appurtenances,  said  plans  and  contracts  to  be  ap- 
proved by  the  City. 
4th    Authorization  of  both  the  City  and  the  Railway  Company  to 
employ  engineers  and  inspectors ;  also  to  provide  for  emergency 
work  in  the  maintenance  of  railroad  and  highway  travel,  not 
covered  by  contract,  by  force  account  on  the  part  of  the  Rail- 
way Company  and  the  City. 
5th   Division  of  the  cost  equally  between  the  Railway  and  the  City 
as    long    as    the    Railway    Company    does    not    increase    its 
facilities  over  and  above  what  it  had  at  the  time  of  passage 
of  the  ordinance;  all  other  additional  expenses  incurred  by  the 
Railway  Company  to  be  at  its  sole  expense.     The  cost  of  the 
work  to  be  equally  divided  includes  all  consequential  damages 
caused  by  the  change  of  street  grades.  _    ^ 

6th.  For  the  proper  disposal   (and  proper  credit  to  both  parties) 

of  all  old  material  or  real  estate  purchased  and  not  used. 
7th    That  the  representatives  of  the  City  and  the  Railway  Com- 
'  pany  shall  be,  respectively,  the  Director  of  the  Department 
of  Public  Works"  and  the  Chief  Engineer. 
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(Jknkhal    l)i..sn{ii'Tiux. 

Tlio  following  is  a  general  description  of  the  work:  Beginning 
at  Green  Street,  to  which  point  from  the  south  the  tracks  had  already- 
been  elevated,  they  run  level  at  an  elevation  of  57.44  to  a  point 
near  Brown  Street.  A  slight  hump  is  placed  in  this  profile  to  cross 
the  engine  passageway  in  the  Green  Street  Yard.  As  far  as  Brown 
Street,  the  four  main  tracks  are  carried  on  fill  between  concrete  re- 
taining walls  with  steel  plate-girder  bridges  crossing  the  engine  passage- 
way and  Fairmount  Avenue  at  four  different  levels.  At  Fairmount 
Avenue  the  grade  of  the  street  was  lowered  so  as  to  allow  14  ft.  beneath 
the  bridges  leading  to  the  engine  yard  on  the  east  and  west  sides  of 
the  main  tracks.  A  new  locomotive  coaling  station,  with  a  storage 
capacity  of  2  000  tons,  is  located  in  the  east  yard. 

At  Brown  Street  the  tracks  are  over  the  bed  of  Ninth  Street  and 
are  carried  on  a  four-track,  steel  viaduct  with  plate-girder  spans,  gen- 
erally 50  ft.  long,  supported  by  transverse  girders  and  three  lines  of 
columns,  and.  in  turn,  supporting  a  solid  steel  floor,  which  is  water- 
proofed. This  viaduct  is  on  a  grade  of  0.5%,  and  is  on  a  tangent 
as  far  as  ^Nfaster  Street.  At  Girard  Avenue  a  new  elevated  station 
is  supjiorted  over  the  street. 

Between  Thompson  and  Master  Streets,  and  Eighth  and  Ninth 
Streets,  the  old  freight  yard  is  raised  to  the  new  level  with  a  ramp 
approach  from  Eighth  and  Master  Streets. 

At  Jefferson  Street  the  tracks  are  supported  on  earth  fill  with 
third-class,  masonry  retaining  walls  and  concrete  abutments,  and  this 
type  of  construction  continues  to  the  end  of  the  line  at  the  Richmond 
Branch  Trossing.  At  Jefferson  Street  the  line  leaves  Ninth  Street  and 
occupies  its  own  right  of  way.  This  right  of  way,  66  ft.  in  width, 
formerly  extended  as  far  south  as  Girard  Avenue,  but,  under  the 
ordinance  authorizing  the  work,  it  was  released  to  the  City  for  street 
purposes  beneath  the  viaduct. 

The  0.5%  grade  extends  about  to  Oxford  Street,  where  the  tracks 
are  level  at  an  elevation  of  74.5,  to  a  point  near  ^lontgomery  Street. 

Between  Oxford  Street  and  Columbia  Avenue  is  the  Columbia 
Avenue  Station,  having  island  platforms  with  stairways  leading  to 
the  main  waiting-  and  baggage-rooms  at  the  southwest  corner  of  Ninth 
Street  and  Columbia  Avenue. 
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The  tracks  cross  Berks  and  Norris  Streets  on  concrete  arches,  re- 
placing old  iron  plate-girder  bridges  which  formerly  carried  the  low- 
level  tracks  over  these  streets. 

Between  Berks  and  ISTorris  Streets  on  the  west  side  is  a  fi-eight 
yard  raised  nearly  to  the  new  level,  with  a  ramp  approach  parallel  to 
Tenth  Street,  and  on  the  east  side,  on  property  of  the  Railway  Com- 
pany, there  are  two  large  commercial  coal  yards.  At  the  northeast 
corner  of  Tenth  and  ISTorris  Streets  there  is  a  smaller  coal  yard. 

Between  Berks  and  ISTorris  Streets  the  tracks  ascend  on  a  0.7% 
grade  to  the  summit  at  York  Street  and  then  descend  on  a  1%  grade 
to  Broad  Street,  where  the  old  level  is  reached. 

Between  Norris  and  Cumberland  Streets  there  are  five  tracks  cross- 
ing a  large  number  of  streets,  at  very  acute  angles,  on  steel  bridges 
of  plate-girder  type  with  solid  water-proofed  floors.  Between  York 
and  Cumberland  Streets  there  are  two  elevated  freight  yards,  and 
north  of  Cumberland  Street  there  is  a  car-cleaning  yard  on  the  east 
side. 

Between  Broad  Street  and  a  point  near  Seventeenth  and  Indiana 
Streets  no  work  was  required,  as  there  were  no  grade  crossings  in 
this  territory. 

From  Seventeenth  and  Indiana  Streets  to  Tioga  Street,  the  grade 
is  1.06%,  and  there  are  five  tracks  as  far  as  Westmoreland  Street 
and  four  north  of  that  point.  In  order  to  obtain  the  1.06%  grade,  it 
was  necessary  to  raise  a  truss  bridge  of  the  Philadelphia,  Germantown, 
and  Chestnut  Hill  Railroad  (Pennsylvania  System)  about  4  ft.  This 
was  done  at  a  cost  of  $18-384.47. 

The  new  elevation  required  changes  in  the  grades  of  Allegheny 
Avenue,  Westmoreland  Street,  Ontario  Street,  and  Hunting  Park 
Avenue,  and  slight  changes  at  Atlantic  and  Venango  Streets.  The 
changes  at  AHegheny  Avenue  and  Westmoreland. and  Ontario  Streets 
necessitated  those  in  a  number  of  other  streets  shown  on  the  general 
plans.  Plates  LIV  and  LV. 

New  stations  were  constructed  at  Tioga  and  Nicetown,  and  a  coal 

yard   of   the  Railway   Company   was   reconstructed   at  Hunting   Park 

Avenue. 

Preparation  of  Plans  and  Contracts. 

Plans  and  specifications  for  the  various  contracts  were  duly  pre- 
pared for  the  work  by  tlie  Railway  Company  and  the  City,  and  were 
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submitted  lor  approval  to  tin-  otlicr  interest  before  asking-  for  bid*. 
All  work  was  advertised  publicly,  and  awards  were  made  to  the  lowest 
bidder. 

Division  Into  Contracts. 

In  the  summer  of  190G,  it  was  decided  to  divide  the  work  into 
contracts  so  that  it  could  be  attacked  from  the  greatest  number  of 
points  at  one  time,  and  so  that,  as  far  as  possible,  the  work  requiring 
special  skill  could  be  separated  in  order  to  reduce  the  number  of 
contracts  to  a  minimum.  All  track  work  was  done  by  Railway  Com- 
pany's forces  on  what  were  known  as  emergency  orders. 

Tables  1  and  2  show  the  contracts  into  which  the  work  was  divided. 
All  numbers  from  1  to  100  were  executed  by  the  Railway  Company; 
those  above  100  by  the  City. 

Emergency  Orders. 

The  ordinance  provided  that  in  case  of  emergency  work  in  main- 
taining railroad  or  highway  travel,  and  in  other  cases  where  necessary — 
not  covered  by  contract — either  the  Railway  Company  or  the  City 
should  have  authority  to  employ  laborers,  hire  machinery,  and  pur- 
chase materials  to  perform  such  work.  Such  work,  when  jointly  agreed 
upon,  constituted  what  was  known  as  an  emergency  order.  On  the 
part  of  the  Railway  Company,  these  orders  generally  applied  to  the 
construction  of  temporary  and  permanent  tracks,  the  work  being  done 
by  the  Operating  Department;  and  on  the  part  of  the  City  to  work 
connected  with  the  maintenance  of  underground  municipal  structures. 
They  were  also  used  for  keeping  account  of  numerous  minor  additional 
l.'etterment  items  desired  by  the  Railway  Company  during  the  progress 
of  the  work,  and  i)ai(l  for  entirely  by  them.  All  labor  on  pay  rolls  was 
carefully  cheeked,  and  all  prices  of  materials  were  ajiprnved  prior  to 
purchase. 

Tempor.\ry  Y.^rds. 

Besides  the  heavy  passenger  business  coTiducted  over  the  line  which 
was  to  be  elevated,  involving  about  467  train  movements  in  24  hours, 
the  Railway  Company  operated  freight  yards  at  Eighth  and  Master, 
Tenth  and  Berks,  and  Thirteenth  and  Huntingdon  Streets,  and  a  loco- 
motive coaling  station  and  engine  repair  yard  at  Xiuth  and  Green 
Streets. 
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lu  order  to  provide  fo;*  the  car  load  freight  business  of  the  freight 
yards  during  construction,  a  temporary  freight  yard  was  constructed 
on  property  of  the  Railway  Company  at  Nineteenth  Street,  capable  of 
holding  163  cars,  and  a  temporary  engine  yard  at  Wayne  Junction. 
Work  on  the  freight  yard  was  begun  in  October,  1907,  and  finished  on 
May  30th,  1908.  The  total  cost  of  grading,  drainage,  and  paving,  ex- 
clusive of  the  track  work,  was  $40  380.40.  Work  on  the  engine  yard 
was  begun  on  January  7th,  and  finished  on  June  30th,  1908.  The 
total  cost  of  grading,  drainage,  engine  house,  coaling  station,  water 
tanks,  ash  pits,  etc.,  exclusive  of  the  track  work,  was  $46  501.60. 

On  the  completion  of  the  elevation  of  the  tracks,  the  City  was  cred- 
ited with  the  amounts  which  it  had  paid  for  the  construction  of  these  • 
yards,  less  an  amount  agreed  on,  representing  the  depreciation  of  the 
tracks,  in  the  case  of  the  freight  yard,  and  of  the  tracks  and  buildings, 
in  the  case  of  the  engine  yard. 

Sewers. 

In  August,  1907,  work  was  begun,  practically  at  the  same  time,  on 
the  construction  of  by  far  the  majority  of  the  sewer  work  connected 
with  the  change  in  grades  of  the  streets.  The  work  is  described  very 
briefiy  under  the  following  contracts : 

Contract  No.  101. —  Sewer  on  Thirteenth  Street  from  Dauphin  to 
Cumberland :  This  was  required  to  drain  the  depression  caused  by  the 
lowering  of   the   intersection    at    Thirteenth    and    Cumberland    Streets. 

Contract  No.  102. — Clearfield  Street  east  of  Sixteenth;  Sixteenth 
Street  from  Clearfield  Street  to  Allegheny  Avenue,  and  on  Allegheny 
Avenue  to  Seventeenth  Street:  This  was  the  outlet  section  of  the  main 
system  for  draining  the  depressed  streets  in  the  Tioga  District,  extend- 
ing as  far  north  as  Nicetown  Station. 

Contract  No.  10a. — Allegheny  Avenue  from  Seventeenth  Street  to 
Nineteenth  Street,  and  Nineteenth  Street  from  Allegheny  Avenue  to 
Westmoreland :  This  is  the  second  section  of  the  main  sewers  for 
draining  the  Tioga  District. 

Contract  No.  101^.- — On  Nineteenth  Street  from  Westmoreland  to 
Venango,  and  on  Venango  from  Nineteenth  to  Twentieth:  This  is  the 
third  section  of  the  main  system  for  draining  the  depressed  streets  in 
the  Tioga  District. 
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Contract  No.  105.— On  Vciuuigo  Street  from  Twentieth  to  Twenty- 
tirst,  on  Twenty-first  Street  from  Venango  to  Blabon,  on  Blabon  from 
Twenty-first  Street  to  Hunting  Park  Avenue;  on  Hunting  Park  Ave- 
nue from  Blabon  to  the  railroad:  This  is  the  last  section  of  the  main 
sewers  in  the  Tioga  District,  and  taps  the  depression  on  Hunting  Park 
Avenue  under  the  railroad. 

The  sizes,  costs,  and  other  data  in  reference  to  the  sewers  built 
under  Contracts  101  to  105  are  shown  on  Table  3. 

In  addition  to  these,  sewers  were  constructed  in  eouj unction  with 
Contracts  Xos.  108,  109,  110,  and  111,  covering  the  smaller  sewers  in 
connection  with  the  work  of  lowering  the  streets  along  the  whole  line 
of  the  work.  Table  3  contains  a  summary  of  the  entire  cost  of  the 
sewer  work,  including  inlets,  connections,  etc.,  and  showing  for  each 
contract  the  length  of  the  sewers  and  the  total  cost  of  the  sewer  work. 

The  construction  of  these  sewers  presented  no  unusual  features. 
The  work  was  executed  in  accordance  with  the  standard  plans  and 
specifications  of  the  Department  of  Public  Works,  Bureau  of  Surveys, 
of  the  City  of  Philadelphia. 

Method  of  Construction. 

The  general  character  of  the  construction  consists:  First,  of 
masonry  walls  and  fill,  between  Green  and  Brown  Streets,  between 
Jefferson  and  Broad,  and  between  Seventeenth  and  Indiana  and  the 
Richmond  Branch,  with  steel  bridges  over  the  streets,  carrying  four 
and  five  tracks,  respectively;  and,  second,  a  four-track  steel  viaduct 
over  Ninth  Street  between  Brown  and  Jefferson  Streets. 

Work  was  begun  between  Columbia  Avenue  and  Broad  Street  in 
January,  1907,  by  diverting  the  temporary  travel  to  two  temporary 
tracks  located  as  closely  as  possible  to  the  west  side  of  the  60-ft.  right 
cf  way.  The  retaining  walls  on  the  east  side,  with  the  eastern  halves 
of  the  bridge  abutments,  were  next  built,  and  a  temporary  trestle  for 
two  tracks  was  constructed  alongside  of  them;  and  approximately  one- 
half  of  the  permanent  bridges  were  erected,  so  that  two  tracks  on  the 
new  high  level  could  be  placed  in  operation.  Access  to  this  high  level 
was  made  by  the  permanent  1%  grade  from  Broad  Street  and  a  tem- 
porary 2.5%  grade  from  Columbia  Avenue  to  Norris  Street.  Crib- 
work  was  placed  along  the  western  edge  of  the  trestle  to  a  height  of 
about  8  ft.,  and  as  much  fill  as  possible  was  made  between  the  crib 
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and  the  wall  around  the  trestle  before  travel  was  placed  on  the  trestle. 
On  the  completion  of  the  temporary  tracks  on  the  high  level,  schedule 
travel  was  transferred  to  them  and  abandoned  on  the  low  level.  The 
western  retaining  walls  and  the  rest  of  the  abutments  were  then  com- 
pleted with  the  fill  and  the  remainder  of  the  bridges.  The  fill  was 
generally  made  by  carting  in  from  the  cross  streets  before  the  abut- 
ments were  finished,  and  completed  after  the  abutments  were  built  by 
raising  it  over  them  with  a  clam-shell  bucket  and  derrick.  The  perma- 
nent tracks  were  then  laid  on  the  new  fill  on  the  west  side,  and  sched- 
ule travel  was  transferred  to  them;  the  temporary  tracks  on  the  trestle 
were  removed;  the  ties,  guard-rails,  and  stringers  of  the  trestle  were 
taken  out  for  use  at  other  points;  the  fill  was  completed,  and  the  per- 
manent tracks  were  laid  in  their  final  position.  This  same  method  was 
followed  at  all  other  points  where  masonry  and  fill  construction  was 
used,  except  that,  in  the  Tioga  District,  between  Seventeenth  Street 
and  the  Richmond  Branch,  the  method  was  reversetl,  the  work  being 
started  on  the  west  side  first. 

TABLE  3. — Sizes  and  Shapes  of  Sewers,  and  Costs  on 
Each  Contract. 


Contract 

No. 

Size, 

in 
feet. 

Shape. 

Invert. 

Other 
particulars. 

Cost 

per 

linear 

foot. 

a 
►J 

Total 

length, 

in 

feet. 

Total 
cost. 

101  ] 

5 
4 
6 
6 
6 
6 
6 
6 
5J^ 

4H 

m 

4 
3 

Circular 

Shale  brick. 
Stone  block 
Shale  brick 

124.67 
17.26 
27.00 
29.00 
30.00 
31.00 
54.00 
42.00 
30.00 
24.00 
20.00 
21.50 
18.00 
16.50 

572.80 
512.50 
1070.50 
868.89 
531.11 
88.00 
170.00 
297.89 
550.00 
552.83 
413.67 
530.40 
610.00 
687.64 

1  0S5.30 
1  070.50 

1  400.00 

2  072.39 

1  827.04 
5  155.27 

2  040.60 
2  834.50 

820.47 

$29  497.98 
33  861.39 

46  927.39 
71  100.92 

102 

103  ■ 

104  ■ 

105  ■ 

■ 

Rock   section 

Reduced  cradle. 
In  tunnel 
Rock  section 

Earth  or  rock 

36  602  56 

108 

25  913  77* 

109 



14  g42  50* 

110 

14  872  9T* 

111 

3  059  15* 

Totals.-. 

18  306.07 

$276  678.63 

*  Does  not  include  cost  of  inlets  or  similar  details. 
In  the  construction  of  the  steel  viaduct  between  Brown  and  Jeffer- 
son Streets,  the  foundations  for  the  two  outside  lines  of  columns  were 
constructed    with    the    two    tracks    carrying    schedule    travel    in    the 
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Fig.  2. — Abutment  and  Dry  Stone  Packing,   East  Side. 


Fig.  3. — Erecting  Bridges,  East  Side. 
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center  of  the  7(>-t"t.  street.  (.)iie  track  was  then  plnccd  mi  the  west  side 
of  tlie  street,  as  close  to  tlie  houses  as  possible,  the  other  was  moved 
to  the  east,  and  the  center  line  of  foundations  placed.  A  third  track 
was  then  built  on  the  west  side,  and  schedule  travel  was  abandoned 
on  the  eastern  track,  which  was  allowed  to  remain,  to  be  used  in  the 
erection  of  the  eastern  half  of  the  steelwork  which  was  next  com- 
pleted. Two  permanent  tracks  were  then  placed  on  the  completed 
eastern  half  o{  the  viaduct,  and  schedule  travel  was  transferred  from 
the  low  to  the  high  level.  The  western  side  was  then  erected,  com- 
pleted, and  the  remaining  two  tracks  were  laid. 

Temporary  Tracks. 

Before  beginning  work,  the  Railway  Company  had  two  tracks  on 
which  schedule  trains  w'ere  operated  between  Green  and  Cumberland 
Streets  and  four  tracks  from  that  point  to  Wayne  Junction.  There 
were  also  two  additional  tracks  used  for  siding  purposes  between  Girard 
Avenue  and  Cumberland  Street. 

From  the  time  that  the  main  tracks  on  the  street  level  were  dis- 
turbed for  construction  purposes,  until  the  permanent  tracks  were  laid 
on  the  high  level,  all. the  charges  and  maintenance  were  considered  as 
temporary  tracks.  The  instructions  of  the  management  were  that  thei;e 
must  be  at  all  times  two  tracks  in  proper  condition  to  operate  schedule 
trains.  Only  enough  material  was  ordered  to  carry  out  the  necessary 
transfers  of  traffic  and  to  replace  that  which  was  not  fit  for  relaying 
as  the  tracks  were  taken  up  and  moved.  The  general  method  for  pro- 
viding for  temporary  traffic  has  already  been  described,  and  it  is  fair 
to  say  that,  owing  to  the  care  exercised  by  the  contractors,  engineers, 
and  the  Operating  Department,  there  was  no  interference  with  sched- 
ule traffic. 

IIetaixixg  Walls  and  Abctmexts. 

The  part  of  the  construction  with  masonry  walls  and  fill  consisted 
generally  of  retaining  walls  on  each  side  of  the  66-ft.  right  of  way, 
with  vertical  faces  on  the  lines.  It  was  absolutely  necessary  to  place 
these  walls  vertically  on  the  right-of-way  lines  between  Columbia  Ave- 
nue and  Broad  Street,  as  tlie  iilan.s  provided  for  five  tracks  with  13-ft. 
centers  in  this  territory,  and  the  same  construction  was  used  at  other 
points.  As  private  property  adjoined  the  right  of  way,  there  was  not 
room  to  erect  forms  for  concrete  work  without  trespassing,  and  large 
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rubble  masonry  was  indicated  and  used.  Where  retaining  walls  faced 
on  streets,  they  were  built  of  1:3:6  concrete  with  gi-anolithic  washed 
faces  and  scored  with  horizontal  lines.  The  same  construction  was 
used  for  bridge  abutments.  The  typical  retaining  wall  was  as  shown 
by  Fig.  5. 

The  rubble  work  (known  as  third-class  masonry)  was  built  under 
the  following  specification,  the  mortar  being  of  1 :  3  Portland  cement, 
the  stone  being  bedded  in  mortar,  and  the  vertical  joints  grouted  with 
1 :  3  grout : 

"Third-class  masonry  shall  be  formed  of  approved  quarry  stone  of 
good  shape  and  good  flat  beds.  No  stone  shall  be  used  in  the  face  of 
the  walls  less  than  6  in.  thick,  or  less  than  12  in.  in  their  least  hori- 
zontal  dimensions. 

"Headers  shall  generally  form  at  least  one-fifth  of  the  faces  and 
backs  of  the  walls,  with  a  similar  proportion  throughout  the  mass 
when  they  do  not  interlock,  and  the  face  stones  shall  be  well  scabbled 
or  otherwise  worked,  so  that  they  may  set  close,  and  chinking  with 
small  stones  be  avoided. 

"In  walls,  5  ft.  thick  or  less,  the  stones  used  shall  average  from 
6  to  8  cu.  ft.  in  volume,  and  the  length  of  the  headers  shall  be  equal 
to  two-thirds  of  the  thickness  of  the  wall;  in  walls  more  than  5  ft. 
in  thickness,  the  stones  used  shall  average  12  cu.  ft.  in  volume,  and 
the  headers  shall  not  be  less  than  4  ft.  long.  Generally,  no  stones 
shall  be  used  having  a  less  volume  than  4  cu.  ft.,  except  for  filling  the 
interstices   between    the   larger   stones. 

"In  no  case  shall  stones  be  used  having  a  greater  height  or  build 
than  30  in.,  and  these  stones  must  bond  the  joints  above  and  below 
at  least  18  in. ;  in  all  other  cases  the  smaller  stone  used  must  bond 
the  joints  above  and  below  at  least  10  in. 

"The  stones  in  the  foundation  shall  generally  not  be  less  than  10  in. 
in  thickness,  and  contain  not  less  than  10  sq.  ft.  of  surface.  The 
foundation  shall  consist  of  1:3:6  concrete  if  so  directed  by  the 
Chief  Engineer." 

The  concrete  used  was  of  two  kinds,  1:2:4  in  bridge  seats, 
pedestal  blocks,  etc.,  and  1:3:6  for  main  walls,  foundations,  cop- 
ings, etc.  The  important  and  specially  interesting  points  in  the 
concrete  specifications  were  as  follows :  Stone  to  be  run  of  crusher, 
from  i  in.  to  1^  in.  Sand  graded  from  fine  to  coarse  from  ^  in. 
down.  Preference  for  machine  mixing  with  cubical  box  type.  Con- 
sistency to  be  such  that  when  dumped  in  place,  concrete  will  not 
require  much  tamping,  but  not  wet  enough  to   cause  the  mortar  to 
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DIAGRAM   SHOWING  CONSTRUCTION  OF   MASONRY  SECTION 
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separate   from    the   stone.      Spaded   down    and    tamped   sufficiently    to 
level  off  and  quake  freely  like  jelly. 

With  special  face  exposed  to  the  street,  the  specifications  were  as 
follows : 

"Surface  of  concrete  exposed  to  the  street  shall  be  composed  of  1 
part  cement,  2  parts  coarse  sand  or  gravel,  and  2  parts  granolithic 
grit  made  into  a  stiff  mortar.  Granolithic  grit  shall  be  granite  or  trap 
rock  crushed  to  pass  a  i-in.  sieve  and  screened  of  dust.  For  vertical 
surfaces  the  mixture  shall  be  deposited  agaiioi^t  the  face  forms  to  a 
least  thickness  of  1  in.,  liy  skilled  workmen,  as  the  placing  of  the 
concrete  proceeds,  and  thus  form  a  part  of  the  body  of  the  work.  Care 
shall  be  taken  to  prevent  the  occurrence  of  air  spaces  or  voids  in  the 
surface.  The  face  forms  shall  be  removed  as  soon  as  the  concrete  has 
sufficiently  hardened,  and  any  voids  that  may  appear  shall  be  filled  up 
with  the  mixture. 

"The  surface  shall  then  be  immediately  washed  with  water  until  the 
grit  is  exposed,  and  rinsed  clean  and  protected  from  the  sun  and 
kept  moist  for  3  days.  For  horizontal  surfaces,  the  granolithic  mixture 
shall  be  deposited  on  the  concrete  to  a  least  thickness  of  1.5  in.  imme- 
diately after  the  concrete  has  been  tamped  and  before  it  has  set,  and 
shall  be  troweled  to  an  even  surface,  and  after  it  has  set  sufficiently 
hard,  shall  be  washed  until  the  grit  is  exposed. 

"All  concrete  surfaces  exposed  to  the  street  shall  be  marked  off 
into  courses  in  such  detailed  manner  as  may  be  directed  by  the  Chief 
Engineer." 

The  usual  clauses  regarding  strength  and  finish  of  forms  were  used, 
and  special  fillets  for  the  top  edges  of  copings,  pedestal  blocks,  and 
bridge  seats  were  required.  No  reinforcement  was  placed  in  walls  for 
temperature  changes,  but  expansion  joints  were  placed  generally  from 
30  to  50  ft.  apart.  These  were  made  with  tongued  and  grooved  joints 
on  the  faces  of  which  there  were  corrugated  asbestos  boards.  The  use  of 
embedded  stone  in  the  mass  concrete  was  allowed,  the  stone  not  to  ex- 
ceed 6  to  8  cu.  ft.  in  the  foundations  and  2  cu.  ft.  in  the  neat  work. 
These  were  thoroughly  cleaned  selected  stone  embedded  in  the  con- 
crete immediately  after  it  was  placed.  The  stones  were  also  used  to  form 
dow^els  bonding  each  day's  work.  The  use  of  these  stones  was  optional 
with  the  contractor,  and  though  the  quantity  varied  very  much,  they 
were  generally  put  in.  All  copings  were  of  concrete  poured  in  place  on 
top  of  the  walls. 

The  prices  obtained  for  the  various  kinds  of  rubble  and  concrete  are 
shown  in  Table  4. 
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Contract  numbers 

Third-class— neat 

"        "    — foundations 

1:3:6  concrete — neat  worlc 

"  "        — foundations 

"  "        —copings 

"  "        — wastied  face 

1:2:4  concrete 

Dry  stone  packing 

Arch  concrete— 1 :  2  :  4 

Unclassified  excavation 


1 

4 

5 

7 

9 

10 

13 

14 

$6.00 

$5.75 

$6.50 

$5.70 

$5.25 

$5.70 

$6.50 

6.00 

5.00 

5.00 

5.25 

5.50 

5.00 

5.00 

5.80 

0.25 

6.4.T 

5.55 

6.25 

6.25 

.f6.30 

6.45 

5.50 

5.60 

6.00 

5.25 

5.63 

5.50 

6.30 

6.00 

7.25 

7.50 

6.75 

7.75 

7.25 

7.00 

7.50 

6.75 

6.50 

6.50 

6.70 

7.45 

6.40 

6.50 

6.30 

6.70 

7.25 

7.50 

7.75 

H.25 

7.50 

7.50 

7.75 

7.75 

2.50 

2.50 

3.75 
7.50 

2.90 

2.45 

2.50 

2.75 

3.75 

0.65 

6.50 

0.50 

0.95 

0.48 

0.50 

0  40 

0.50 

32 


$6.50 
5.75 
6.75 
6.60 

7.75 
2.75 

olgo 


Drainage  Back  of  Walls. 

On  account  of  the  walls  facing  immediately  on  private  property, 
or  on  the  streets,  it  was  decided  to  carry  the  drainage  back  of  them, 
a  step  farther  than  the  usual  practice,  in  order  to  guard  as  far  as 
possible  from  leakage  through  them  to  adjoining  property  or  to  the 
street,  and  the  entire  back  of  each  wall,  up  to  the  subgrade  of  the 
tracks,  was  filled  with  a  minimum  thickness  of  dry-stone  packing,  the 
stone  being  from  |  to  2  cu.  ft.  in  volume,  and  placed  by  hand  after 
the  walls  were  finished  and  before  the  embankment  was  placed.  As 
the  third-class  masonry  walls  were  built,  their  backs  were  thoroughly 
dashed  with  1 :  3  cement  mortar.  At  the  bottom  of  the  dry-stone  pack- 
ing, 6-in.  vitrified  clay  pipes  with  open  joints  were  laid,  with  grades 
of  about  1%,  leading  to  the  cross  streets  and  there  connected  to  the 
sewers.     This  drainage  has  proved  very  effective. 

Temporary  Trestle  and  Crib. 

In  the  sections  of  the  work  constructed  with  masonry  and  fill,  it 
was  necessary  to  support  two  tracks  between  the  bridges  on  trestle 
and  then  fill  in  as  much  as  possible,  using  a  crib  about  8  ft.  high 
with  its  face  5  ft.  from  the  nearest  running  rail.  The  temporary 
trestle  was  built  on  concrete  footings  so  as  to  reduce  the  settlement 
to  a  minimum  and  prevent  wedging  at  the  top  in  order  to  maintain 
proper  track  surface.  It  was  constructed  for  two  tracks  in  accordance 
with  the  general  design   shown   on   Plate  LVI. 

Long-leaf  pine  was  used  in  the  ties,  guard-rails,  and  stringers,  and 
these  were  all  recovered  when  the  fill  was  entirely  completed  and  be- 
fore the  permanent  track  was  laid.  The  caps,  sills,  posts,  and  bracing 
were  of  short-leaf  pine,  and  remained  buried  in  the  fill. 
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Tho  prices  paid  lor  this  work  are  sliowii  in  Table  5,  and  included 
everything-  above  the  concrete  footings  ready  to  lay  track. 

TABLE  5. 


Uontraot  numbers 

i 

4 

5 

7 

9 

10 

Loiiglpaf  vellow  pine,  per  1  000  ft.  b.  m.  . . 
Short-leaf  yellow  pine,   "    1000"       "    ... 
Wrought  iron  or  steel,  per  pound 

$43.00 

41.00 

0.03 

$44.50 

38.00 

0.03 

$40.00 

86.00 

0.04 

$43.00 
41.00 
0.03 

$44.50 

.87.00 

0.03 

$42.00 

38.00 

0.00 

The  average  height  of  the  double-track  trestle  was  about  17  ft.,  and 
its  average  cost  per  linear  foot  was  about  $18.50,  exclusive  of  the  con- 
crete footings. 

The  cribwork  was  covered  by  the  following  specifications: 

"Where  cribwork  is  required,  it  shall  cover  all  temporary  lumber 
work  with  the  nceessaiy  filling  and  tamping  required  to  retain  slopes 
along  partly  made  embankments  or  at  other  places,  as  may  be  directed. 

"The  lumber  used  in  cribwork  shall  be  placed  as  shown  on  the 
plans.  It  shall  consist  of  second-hand  lumber  which  is  sufiiciently 
sound  to  hold  the  drift-bolts. 

"As  the  lumber  is  laid  and  drift-bolted,  the  embankment  shall  be 
filled  in  and  thoroughly  rammed.  This  work  shall  be  paid  for  at  the 
item  price  given  in  the  proposal  for  cribwork  per  1 000  ft.  board 
measure,  which  price  shall  include  all  drift-bolts  and  the  placing  and 
ramming  of  the  necessary  embankment  within  the  crib." 

The  prices  obtained  for  the  cribwork  were  as  follows : 


Contract  numbers 

Cribwork  per  1  000  fl.  b.  m. 


1  4  .5  7  9 

$15.00    $15.00    $20.00    $24.00    $35.00 


10 

S20.00 


ElMBANKMEXT. 

Embankments  were  built  as  soon  as  the  footings  for  the  temporary 
trestle  were  begun,  and  all  excavated  material  from  the  foundations  of 
walls  and  abutments  was  placed  around  them  and  in  the  crib,  payment 
being  made  for  excavation  only.  On  the  completion  of  the  sections  of 
the  trestle  between  streets,  the  crib  was  carried  up  to  its  full  height, 
embankment  material  was  delivered  on  the  cross  streets,  raised  over 
the  abutments  with  derrick  and  clam-shell  buckets,  and  the  fill  com- 
pleted around  the  trestle  to  its  finished  lines. 

In  some  cases  where  excavation  was  available  from  the  depressed 
streets,  the  trestle  was  planked,  and  the  street  grading  contractor 
hauled  the  excavated  material  over  it,  and  dumped  it  as  part  of  his 
cost   of   excavation.     With   the   exception    of   this,    all   material  going 
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into  embankments  was  furnished  from  outside  the  work  and  placed  bj' 
the  contractor  at  fixed  prices,  measurement  being  made  on  carts  or 
wagons  on  delivery,  each  wagon  load  being  measured  by  a  representa- 
tive of  the  contractor  and  an  inspector  who  checked  at  the  close  of 
each  day's  work. 

After  schedule  travel  was  placed  on  the  temporary  trestle,  the  re- 
mainder of  the  fill  was  made  with  teams  hauling  in  from  the  adjoining 
streets,  and  after  the  abutments  were  completed  the  remaining  ma- 
terial was  raised  over  the  abutment,  as  was  done  on  the  other  side. 

All  material  for  embankment  was  inspected  carefully  and  no  ashes, 
cinders,  or  perishable  material  were  allowed.  Nearly  all  of  it  came  from 
various  building  operations  throughout  the  city. 

The  prices  paid  for  embankment,  delivered  and  placed  by  the  con- 
tractor, were  as  follows: 

Contract  numbers. .         1  4  5  7  9  10         12  14         32 

Embankment $0.30   $0.14    $0.45    $0.52    $0.10   $0.15   $0.10    $0.45    $0,175 

Bridges. 

All  the  bridges  on  the  improvement  carried  railroad  tracks,  there 
being  not  a  single  highway  bridge.  Wherever  possible,  they  were  of 
deck  construction,  and,  where  through  girders  were  required,  the  top 
of  the  girder  was  kept  as  low  as  possible,  or  the  distance  between  tracks 
was  spread  to  14  ft. — the  standard  being  18  ft.  All  bridges  were  of 
the  plate-girder  type  with  solid  steel  floors  either  of  built-up  troughs 
or  buckle-plates.  The  top  of  the  steel  on  the  floors  was  protected  in 
all  caSes  by  some  kind  of  water-proofing  described  later.  Generally, 
all  spans  crossing  streets  had  columns  on  the  curb  lines.  The  under- 
side clearance  over  the  streets  established  by  ordinance  was  14  ft.  All 
masonry  for  supporting  the  steelwork  was  executed  under  separate 
contracts,  the  bridge  contracts,  however,  covering  all  water-proofing 
and  painting  read.t  for  the  ballast. 

•  The  design  of  all  the  bridges  was  complicated  seriously  by  the  fact 
that  they  had  to  be  planned  so  as  to  be  erected  in  two  sections,  in 
order  to  carry  travel  on  the  high  level  on  one  side  while  the  other  side 
was  under  construction.  This  was  specially  difficult  where  the  skews 
of  the  street  crossings  were  great,  and,  in  two  cases,  it  was  necessary 
to  erect  part  of  the  steel  over  travel  on  the  low  level.  The  problem 
of  water-proofing  was  also  made  more  difficult  on  account  of  the  pro- 
vision for  the  double  erection  and  the  necessary  joint. 
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Fig.   6. — Building  Walls.   West  Side. 


Fig.   7. — Finishing   Bridges,   West   Side. 
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Contract  No.  8. — Broad  to  Xorris  Streets. 


Norris  St.  feast) 

Norris  St.  (west) 

I 
Tenth  and  Diamond -I 

I 

Susquehanna 

Colona 

Eleveutli  and  Nevada 

Diiuphin 

Twelfth  and  York 

Thirteenth  and  Cumberland. . 


Deck.    6-in.  Z-Aoor 

Deck.    0  in.  Z-Aoor 

Part  deck.    Buckle-plate  floor.. .  ] 
Part  halt  through.     1^-in.  trough  j- 

floor J 

Half  through.    Deep  trough  floor. 

Longitudinal  trough  floor 

Half  through.     r*!-in.  trough  floor. 

Deck.     Buckle-plate  floor 

Half  through.    Trough  floor 

Half  through.    Trough  floor 


3  130 

115.5 

$4.92 

2  450 

130.8 

5.60 

13  325 

136.5 

5.45 

5160 

141.2 

5.85 

3  340 

126.0 

4.74 

8  680 

1.57.0 

0.40 

4  100 

117.0 

4.61 

7  750 

148.5 

6.30 

11415 

134.1 

5.63 

$15  400 
13  700 

72  600 

30  200 
15  800 
55  500 
18  900 
48  700 
64  300 


Contract  No.  6. — Montgomery  to  Oxford  Streets. 


Oxford  St.* 

Columbia  Ave.* 
Montgomery. . . 


Special  half  through.  Trough  floor 
Special  half  through  Trough  floor. 
Halt  through.    Trough  floor 


3  740  97.6 
18  000:  103.4 
3  700    125.0 


$3.50!$13  150 
3.55  64  067 
4.25    15  740 


Contract  Xo.  1. — Jefferson  to  Green  Streets. 


Green  St 

Engine  passageway 

Fairmount  i  we^t) 

Fairmount  (main) 

Fairmount  (coal  track).  _ 

Fairmount  least^ .Half  through.    Trough  floor. 

Master  St Deck.    Buckle-plate  floor. 


Half  through.    Trough  floor j    1 

I-beams  and  trough  floor.  i   3  630 


Half  through.    Trough  floor. 
Deck.    6  in.  Z-Aoor. 
Deck.    6-in.  Z-Aoor. 


750 

3  000 

750 

9(30 

3  050 


186.0 
103.0 
159.0 
116.0 
110.0 
134.0 
109.0 


.20'$10  300 
.601  13  100 
.85  4400 
11400 
2  900 
5  864 
12  200 


Contract    Xo. 
Bkanch. 


11. — Seventeenth    and    Indiana    to    Eichmond 


Allegheny  Ave Half  through. 

Westmoreland Half  through. 

Nineteenth [Half  tnrough. 

Ontario i  Half  through. 

Tioga  and  Twentieth Half  through . 


Atlantic. 

Venango 

Erie 

Hunting  Park. 


Half  through. 
Half  through. 
Half  through. 
Half  through. 


Trough 
Trough 
Trough 
Trough 
Troufrh 
Trougli 
Trough 
Trough 
Trough 


floor 
floor 
lloor 
floor 
lloor 
floor- 
lloor 
floor 
floor 


9  165 

153 

$4.94 

3  320 

125 

4.32 

7  910 

1.50 

4,91 

8  495 

120 

4.13 

11  070 

14C 

4.81 

3  535 

120 

4.10 

3  440 

149 

4.10 

7  380 

140 

4.57 

7  195 

157 

5.08 

$45  393 
14  345 
.38  920 
14413 
53  282 
14  652 
14  096 
33  697 
36  527 


♦Part  of  these  bridges  occupied  by  passenger  station  platforms. 

At  two  points  only  was  it  possible  to  construct  concrete  arches. 
These  will  be  described  separately. 

The  designs  and  specifications  were  of  the  Philadelphia  and  Head- 
ing standard,  which  generally  provide  for  a  live  load  about  equivalent 
to  Cooper's  E-55. 

The  dead  weights  assumed  for  the  design  of  the  ballasted  floors  were 
as  follows,  all  in  pounds  per  cubic  foot:  liallast,  120;  concrete,  140; 
asphalt,  90;  lumber,  54. 
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Tlic  impact  was  by  the  following  formula : 

,        300 

1  =  S 

L  J"  3 (to 

/  =  aniouiit  to  be  added  to  live-load  stress; 
iS  =  calculated  live-load  stress; 
L  =  length,    in   feet,   of   the   loading   which   produces   maximum 

stress  in  the  member. 
Unit  stress  =  15  000  lb.  per  sq.  in.,  in  tension. 
In  compression,  15  000  reduced. 

All  steel  was  to  be  made  by  the  open-hearth  process,  with  a  desired 

ultimate  strength  of  60  000  lb.  for  structural  steel  and  50  000  lb.  for 

1  500  000 

rivets:  minimum  elonration  ni  IS  in.  =  — ■ -. 

ultunate  tensile   strength 

Very  few  of  the  bridges  were  distinctly  of  deck  construction,  on 
account  of  the  lack  of  sufficient  head-room,  caused  by  the  usual  close 
clearances  in  grade-crossing  work,  where  the  procedure  seems  to  be  to 
squeeze  the  bridge  construction  out  of  existence.  Where  deck  con- 
struction was  impossible,  half  through  spans  were  resorted  to,  with  the 
top  flange  of  the  girders  as  close  to  the  rail  level  as  possible.  In  a 
number  of  cases  it  was  necessary — especially  on  that  part  of  the 
structure  carrying  five  tracks — to  introduce  a  deep  transverse  floor, 
so  as  to  provide  for  necessary  cross-overs  in  the  tracks.  The  general 
type  of  one  of  the  two  styles  of  construction  is  shown  on  Plate  LVII. 

Table  6  shows  the  general  data  i-egarding  the  bridges  on  four 
different  contracts  and,  in  examining  them,  the  conditions  under  which 
they  were  designed  and  the  peculiar  locations  of  many  of  them  must 
be  considered. 

All  columns  located  on  the  sidewalks,  were  reciuired  by  the  City 
authorities  to  have  their  base-plates  far  enough  below  the  surface  of 
the  street  to  show  only  the  main  section  of  the  column.  All  gussets 
were  to  be  below  the  surface.  The  masonry  contractors  built  the  floor- 
ings up  to  the  level  of  the  base-plates,  the  bridge  contractors,  after 
setting  the  columns  and  lining  up  the  steel  work,  encased  the  entire 
base  of  the  columns  in  concrete  which  formed  part  of  the  surface 
of  the  sidewalk  and  a  section  of  the  curb. 

Most  of  the  bridges  were  erected  with  the  usual  derrick  car,  either 
by  jacking  it  ui>  to  the  high  level,  as  was  necessary  in  one  case,  or  by 
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running  it  in  on  the  completed  high-level  approach,  in  others.  When  in 
position  to  command  part  of  the  bridiro,  the  main  steel  members  were 
run  in  between  schedule  trains  on  the  low  level,  on  cars  as  loaded 
at  the  sliops.  picked  off  quickly,  and  either  put  in  place  at  once, 
if  opportunity  offered,  or  temporarily  placed  in  the  street  and  raised 
afterward.  In  some  cases  the  contractors  arranged  for  the  railroad 
wrecker  to  assist  in  handling  and  placing  the  heavier  girders,  the  time 
consumed  in  lifting  from  the  cars  and  idacing  in  position  being  vei-y 
short. 

The  first  halves  of  the  bridges  were  always  located  in  their  per- 
manent positions,  no  matter  what  the  temporary  alignment  of  the 
tracks  was  after  leaving  them,  so  that,  when  once  placed,  they  re- 
quired no  further  attention.  In  erecting  the  final  half  of  each  bridge, 
the  same  methods  were  used. 

One  of  the  requirements  of  the  City,  in  approving  the  plans  of  the 
bridges,  was  the  use  of  a  solid  shield  or  screen  over  the  streets  to 
prevent  horses  from  seeing  the  moving  parts  of  the  locomotives.  The 
height  of  these  shields  was  finally  agreed  on  as  5  ft.  above  the  top 
of  the  rail,  and,  after  considerable  study,  it  was  decided  to  use  a  cast- 
iron,  ribbed  plate,  supported  on  a  steel  framework  attached  to  the 
main  bridge  structure.  In  a  number  of  cases  where  there  were  vacant 
lots  adjoining  the  streets,  these  shields  were  run  back  on  the  retaining 
walls  for  a  distance  of  50  ft.  or  more,  depending  on  the  location.  In 
all  cases  the  shields  were  made  part  of  the  bridge  contracts,  and 
the  costs  were  included  in  the  lump-sum  prices  for  the  bridges. 

Viaduct. 

Under  the  terms  of  the  ordinance,  Ninth  Street  was  vacated  from 
Brown  Street  to  Fairmount  Avenue,  and  was  opened  to  its  full  width 
of  TO  ft.  from  Girard  Avenue  to  Jefferson  Street.  Prior  to  the  pas- 
sage of  the  ordinance,  the  Philadelphia,  Gernumtown,  and  Norristown 
Kailroad  owned  a  strip  occupied  by  two  tracks  between  Fairmount 
Avenue  and  Girard  Avenue,  and  a  right  of  way,  66  ft.  wide,  north  of 
Girard  Avenue.  By  the  terms  of  the  ordinance,  all  rights  on  the  street 
surface  owned  by  this  Company  were  given  over  to  the  City,  and  the 
Railroad  Company  retained  only  the  right  to  enter  on  the  street  at 
all  times  for  renewals  or  repairs.  The  ordinance  provided  for  a 
four-track   steel    viaduct   through   this   territory,   with   a   paved   street 
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beneath.  The  Kailway  Conij>any  paid  the  entire  cost  of  the  addi- 
tional structure  for  tlie  two  extra  tracks  where  it  originally  had  but  two. 
The  structure  as  built  is  a  four-track  steel  viaduct  supported  on 
three  lines  of  columns,  just  inside  each  curb  line  and  in  the  center 
of  the  street.  The  columns  support  transverse  girders  joined  over 
the  center  column,   which   in   turn   carry  eight   lines   of   longitudinal 


DIAGRAM   SHOWING   CONSTRUCTION  OF  VIADUCT 


Fig.  9. 


girders,  spaced  6  ft.  6  in.  ofi  centers,  and  framing  into  the  transverse 
girders.  On  the  longitudinal  girders,  and  at  right  angles  to  them,  is 
a  solid  floor  of  6-in.  steel  Z-bars  and  plates  which  is  cut  longitudin- 
ally, at  about  the  center  of  the  street,  to  allow  the  viaduct  to  be  erected 
in  halves.  This  floor  has  its  troughs  filled  wdth  concrete  and  is  covered 
with  l.."i  in.  of  asphalt  mastic  in  turn  supporting  the  ballast  and  stand- 
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ard  track.  Sidewalks  4  ft.  wide  arc  carried  on  brackets  on  both  sides 
outside  of  the  dam  plates.  These  have  open  floors  with  ^-in.  open  joints. 
The  structure  is  designed  to  allow  cross-overs  to  be  placed  in  the  tracks 
at  any  point,  and  the  outside  line  of  longitudinal  girders  is  made  of 
the  same  section  as  the  others,  so  as  to  make  it  readily  possible  to  pro- 
vide in  the  future  for  siding  connections. 

The  foundations  for  the  columns  of  the  viaduct  were  started  under 
Contract  2,  but  the  contractor  abandoning  his  work,  it  was  relet  under 
Contract  2,  Eeletting. 

With  the  tracks  in  the  center  of  the  street,  the  foundations  for  both 
outside  lines  of  columns  were  constructed.  The  tracks  were  then  moved 
as  close  to  the  west  side  of  the  street  as  possible,  which  just  left 
room  for  entrance  to  the  houses  on  the  west  side  and  for  the  execution 
of  the  work  on  the  center  foundations.  These  foundations  were  trouble- 
some, not  only  on  account  of  water  which  was  encountered  in  consider- 
able quantity  between  Girard  Avenue  and  Brown  Street,  but  also  on 
account  of  the  limited  space  available  for  their  construction  and  the 
close  proximity  to  passing  trains.  Comparatively  little  work  was  done 
under  Contract  2  before  it  was  abandoned,  and  therefore  the  prices 
given  are  those  for  Contract  2,  Reletting.  The  bottom  of  the  founda- 
tions was  stopped  between  Girard  Avenue  and  Brown  Street  generally 
on  mixed  gravel,  and  between'  Girard  Avenue  aiid  Jefferson  Street  on 
gravel  or  hard  clay.  Throughout  the  length  of  the  viaduct  the  depth 
of  the  foundations  was  controlled  to  a  certain  extent  by  the  depth 
of  a  sewer  which  was  required  in  the  street  before  the  permanent  pave- 
ment was  laid,  and  which  could  not  be  constructed  before  the  founda- 
tions were  built.  The  total  cost  of  the  foundation  work  was  $151  631.20, 
which,  reduced  to  the  unit  of  square  feet  of  viaduct,  amounts  to  $0.76 
as  the  cost  of  the  substructure.     The  principal  unit  prices  were: 

Excavation   $1.65  per  cu.  yd. 

1:3:6  concrete   5.50     "     "      " 

After  the  completion  of  the  foundations,  the  eastern  half  of  the 
viaduct  was  erected,  starting  from  Brown  Street  and  working  north. 
On  account  of  the  very  close  proximity  to  passing  travel,  the  erection 
was  a  matter  requiring  the  most  careful  consideration,  and  the  man- 
ner adopted  was  one  for  which  the  contractors  should  receive  much 
credit.     On  account  of  the  condition  of  the  work  at  the  ends  of  the 
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vinduc't,  a  ooiisidornl)!*'  (iiiio  elapsed  between  the  erection  of  the  first 
half  iiiid  the  eompletidu  of  ilic  whole  structure.  All  steel  for  both 
sections  was  brought  to  the  work  on  the  street  level,  and  the  rate  of 
progress,  which  under  average  conditions  was  3  spans  per  day,  was 
very  good.  Better  time  in  erection  would  have  been  made  but  for  the 
expansion-joint  detail  requiring  riveting  at  the  transverse  girders  be- 
fore other  spans  could  be  raised. 

Ill  the  layout  of  the  viaduct,  a  standard  span  of  50  ft.  was  adopted, 
and  this  was  used  wherever  possible,  the  odd  span  being  placed  adja- 
cent to  street  intersections,  which  were  alw^ays  special. 

On  account  of  the  light  grades  on  the  viaduct,  and  the  expansion 
joints  at  intervals  of  about  150  ft.,  it  was  difficult  to  arrange  for  drain- 
age. Low  places  were  provided  with  cast-iron  inlet  boxes,  to  which 
6-in.  wrought-iron  pipes  were  attached,  following  down  the  column  and 
connecting  directly  with  the  sewer. 

The  method  of  erection  of  the  viaduct  planned  by  the  McClintic- 
Marshall  Construction  Company  was  based  on : 

First.  The  determination  of  a  method  that  would  come   as   nearly 
as  possible  to  being  absolutely  safe  for  the  passage  of  trains;  and 
Second.  Economy  of  time  and  money. 

The  method  proposed,  approved,  and  adopted  was  the  use  of  a  steel 
cantilever  traveler  running  on  top  of  the  erected  viaduct,  the  erection 
being  accomplished  with  the  aid  of  two  15-ton  traveling  electric  cranes 
with  one  intermediate  bridge  carrying  four  12-ton  hoists.  The  trav- 
eler had  been  remodeled  from  a  steel  cantilever  traveler  previously 
used  for  viaduct  erection,  a  few  of  the  truss  members  having  to  be 
reinforced,  and  an  entirely  new  system  of  top  construction  made.  The 
total  weight  of  structural  steel  in  the  traveler  was  150  tons.  The 
power  used  was  alternating  current  furnished  by  the  Philadelphia  Elec- 
tric Company,  which  established  connections  where  convenient,  ap- 
l)roximately  800  ft.  apart.  Four  heavily  insulated  flexible  wire  cables 
were  connected  at  these  stations,  and  these  cables  were  carried  on  a 
reel  suspended  from  the  rear  of  the  traveler,  the  reel  being  paid  out  as 
the  traveler  advanced,  and  rewound  when  new  connection  was  estab- 
lished. The  traveler  was  erected  and  taken  down  with  a  heavy  loco- 
motive crane,  which  also  erected  enough  of  the  viaduct  to  provide 
a  i)latform  on  which  to  build  the  traveler  and  on  which  to  start  work. 
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This  locomotive  crane  also  erected  the  portion  of  the  viaduct  wider  than 
four  tracks,  between  Brown  and  Parrish  Streets.  A  50-ft.  boom  placed 
on  the  front  end  of  the  traveler  erected  the  extra  width  of  steel  between 
Master  and  Jefferson  Streets.  On  the  second  half,  it  was  necessary 
to  run  the  traveler  on  a  slight  curve  bet^ween  Master  and  Jefferson 
Streets,  and  there  was  no  difficulty  in  accomplishing  this.  The  trav- 
eler had  a  70-ft.  anchor  arm  and  a  120-ft.  cantilever  arm.  When  mov- 
ing ahead,  the  cranes  were  at  the  extreme  rear  end  of  the  traveler, 
thus  helping  to  furnish  counterweight  against  overturning.  The  trav- 
eler was  moved  with  the  aid  of  a  heavy  hoisting  engine  placed  on  a 
platform  on  the  rear  of  traveler,  and  a  single  set  of  double  wire-cable 
falls  moved  it  with  ease.  The  reaction  on  the  wheels  at  the  main 
point  of  support,  when  moving,  was  very  heavy,  being  272  000  lb.  on 
the  heavier  side.  After  the  traveler  was  moved  ahead,  and  before  the 
crane  could  move  to  pick  up  any  load,  the  columns  or  front  post  ex- 
tension in  front  of  the  traveler  had  to  find  a  bearing  on  blocking  pre- 
viously placed  on  the  street  at  the  point  to  which  it  was  being  moved. 
The  actual  moving,  including  knocking  out  the  blocking,  the  moving 
itself,  and  the  reblocking,  did  not  take  more  than  15  or  20  min.,  that  is, 
15  or  20  min.  after  picking  up  iron  in  one  position  the  traveler  could 
be  moved  ahead  and  be  ready  to  pick  up  iron  for  a  new  span;  in 
general,  two  spans,  or  about  100  ft.,  being  erected  for  each  move. 

The  structural  steel  was  shipped  from  the  contractor's  Pottstown 
plant,  being  loaded  on  cars  in  the  exact  order  in  which  it  was  wanted, 
so  that,  when  delivered  to  the  traveler,  the  first  car  received  contained 
the  longitudinal  girders,  the  next  car  contained  the  transverse  girders, 
columns,  and  cross-frames  for  the  girders,  and  the  third  car  contained 
the  trough  floor,  railing,  etc.,  all  for  the  span  being  erected.  These 
cars  were  delivered  on  an  abandoned  track  directly  under  the  work  to 
be  erected — the  track  being  approximately  midway  between  the  two 
lines  of  columns  on  which  the  work  was  being  placed.  As  the  material 
was  unloaded  the  empty  cars  were  dropped  down  under  the  viaduct 
already  erected,  the  overhead  clearance  permitting  this,  though  in 
many  cases  it  would  not  permit  a  loaded  car  to  pass  beneath  the 
viaduct. 

The  method  of  erecting  in  detail  was  as  follows:  The  rear  electric 
crane  would  pick  up  a  longitudinal  girder  and  hang  it  on  one  of  the 
chain  hoists  carried  on   the  trolley  on  the  intermediate  bridge.     The 
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rear  end  of  the  girder  would  be  connected  immediately  to  the  transverse 
girder  of  the  previous  bout  before  the  electric  crane  cut  loose — thus 
the  rear  electric  crane  would  set  the  four  longitudinal  girders.  Mean- 
time, the  forward  electric  crane  would  erect  the  two  columns  and  pick 
up  the  transverse  girder  preparatory  to  connecting  it  to  the  longitudi- 
nal girders  being  erected.  The  transverse  girder  would  be  brought  in 
against  the  ends  of  the  longitudinal  girders  and  set  on  tnp  of  columns, 
there  being  in  general  about  2  in.  play  between  the  tops  of  the  longi- 
tudinal girders  and  the  top  flange  of  the  transverse  girder,  thus  not 
requiring-  the  longitudinal  to  be  hung  at  the  precise  height.  The  four 
chain  hoists  supporting  the  forward  ends  of  the  longitudinal  girders 
would  then  be  slacked  oflF,  one  man  to  each,  chain  hoist,  so  that  the 
girders  would  be  seated  on  the  longitudinal  girders  and  the  fitting  up 
bolts  entered.  The  forward  crane  would  then  pick  up  the  cross-frames 
and  place  them  on  the  longitudinal  girders  just  erected,  when  both 
cranes  woi;ld  place  the  frames  in  position.  The  forward  crane  would 
then  pick  up  the  trough  floor,  while  the  rear  crane  attended  to  moving 
ahead  any  timbers  required  for  the  track,  these  having  been  snaked 
ahead  with  line  from  the  hoisting  engine.  When  handling  the  61-ft. 
girders  across  Girard  Avenue,  one  crane  was  used  on  each  end  of  the 
girder,  this  being  also  necessary  on  a  few  of  the  other  special  girders. 
The  use  of  the  intermediate  bridge,  carrying  the  four  chain  hoists, 
obviated  the  use  of  temporary  bents  on  which  to  set  the  longitudinal 
girders,  and,  in  addition,  was  much  better,  as  it  readily  gave  move- 
ment in  all  three  directions,  as  desired,  as  the  bridge  was  carried  on 
the  trucks  on  the  crane  runway  beams,  and  each  hoist  was  hung  from 
a  trolley  running  on  the  bottom  flange  of  an  I,  and  the  chain  hoists 
themselves  permitted  the  small  vertical  movement  required  for  adjust- 
ment with  little  labor. 

In  general,  three  spans  were  raised  per  day,  requiring  gangs  work- 
ing ordinarily  6  hours.  Where  there  were  four  spans,  without  encoun- 
tering expansion  joints,  these  were  raised  in  less  than  7  hours.  In  one 
day  it  was  impossible  to  raise  more  steel  than  between  two  expansion 
joints,  as  the  longitudinal  girders  had  to  be  riveted,  as  explained 
previously. 

The  general  figures  of  interest  in  connection  with  the  viaduct  were 
as  follows: 

The  contract  price  was  $772  000,  including  everything  from  the  top 
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of  the  concrete  footings  to   the  ballast.     This   included   all   drainage, 
water-proofing,  and  steel  grillages  for  the  top  of  the  footings. 

Total  weight  of  steel 30  010  000  lb. 

Floor  area  of  viaduct 197  300  sq.  ft. 

Weight  of  steel  per  square  foot 152  lb. 

Cost  of  water-proofing  per  square  foot . .  .  $0.24 

Total  cost  of  work  per  square  foot $3.91 

Concrete  Arches. 

There  were  only  two  points  on  the  line  where  arches  over  the 
streets  were  possible,  namely,  at  Berks  and  Norris  Streets,  the  streets 
being  50  ft.  wide  and  the  bridges  carrying  five  tracks  at  Berks  and 
six  tracks  at  Norris  Street.  These  arches  were  of  concrete,  and,  like 
all  the  other  bridges,  were  constructed  in  two  sections  longitudinally, 
and  were  water-proofed.     The  general  dimensions  were  as  follows: 

Berks    Street :  Span    50  ft. 

Rise   10  ft.  91  in. 

Thickness    at    crown 3  ft. 

Width    65  ft.  8     in. 

Norris  Street :  Span    50  ft. 

Rise   1  ft.  1|  in. 

Thickness    at    crown 3  ft. 

Width    82  ft.  7     in. 

At  Berks  Street,  five  layers  of  Genasco  Positive  Seal  Felt  in 
Genasco  Compound  were  used  for  water-proofing,  protected  with  a 
layer  of  1:3  cement  mortax  1  in.  thick.  At  Norris  Street,  there  was 
used  1.5  in.  of  a.sphalt  mastic,  made  by  mixing  1  part  of  Barber  Asphalt 
Company's  Compound  No.  483  with  4  parts  of  sand  and  screen- 
ings. This  was  laid  in  two  |-in.  layers,  each,  breaking  joints.  The 
compound  had  the  following  properties :  Bitumen  soluble  in  CSg, 
97%;  not  more  than  0.5%  volatile  at  a  temperature  of  350°  Fahr.  for 
5  hours;  does  not  flow  at  212°  Fahr.  nor  become  brittle  at  —  15° 
Fahr.;  not  acted  on  by  HjSO^  in  7  hours  (25%  solution).  The  water- 
proofing of  both  these  bridges  has  been  veiy  satisfactory.  It  cost  as 
follows : 

Berks    Street 23  cents  per  sq.  ft. 

Norris  Street *  >  .  ,>.%i.i 30       " 
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I  lie  prices  tor  tlie  cnucrctc  in  tlic  nrclit-.s  were  as  follows: 

1  :  i^ :  4  concrete  in  arch  ring,  inclnding  centers $7.50  per  cu.  yd. 

1 :  ."i :  (j  concrete  in  copings 6.75     "      "  '' 

1 :  O:  6  concrete  in  abntments — street  finish 6.70     "      "  " 

1 :  •"] :  6  concrete  in  foundations    6.00     "      "  " 

Watkr-Proofixg  Bridges  and  Viaduct. 

All  the  bridges  and  the  viaduct  cross  City  streets  or  are  over 
stations,  as  is  the  case  at  Columbia  Avenue,  and  it  was  very  desirable 
that  they  should  be  impervious  to  water,  not  only  for  the  protection 
of  the  public,  but  also  for  the  preservation  of  the  metal.  In  a  large 
number  of  cases,  the  elevation  of  the  curbs  of  the  streets  beneath, 
and  the  profile  of  the  tracks  above,  was  fixed  within  such  close  limits 
as  to  make  it  difficult  to  provide  proper  water-proofing  details.  The 
writer  believes  that  one  of  the  most  important  features  of  water- 
proofing design  is  to  get  the  water  away  from  the  structures  as  fast 
as  possible,  and,  where  the  grades  of  the  track  are  light,  this  is  dif- 
ticult  without  using  up  valuable  head-room. 

In  the  first  bridges  designed  and  erected,  where  trough  floors 
wore  required,  the  whole  of  the  upper  surface  of  the  metal  was  covered 
with  1.5  in.  of  asphalt  mastic,  applied  in  two  layers  tc  the  vertical 
and  horizontal  surfaces  of  the  steel  floor.  This  was  sloped  in  the 
troughs  to  carry  the  water  to  a  nipple  passing  through  the  steel  floor 
emptying  into  a  wrought-iron  trough  beneath  the  floor,  aud  then  to 
down-spouts  to  the  street  gutters.  If  the  structure  was  a  deck  bridge, 
the  steelwork  was  first  leveled  up  with  Portland  cement  concrete,  made 
of  |-in.  stone  and  mixed  1:3:6,  on  which  was  placed  five  layers  of 
"Hydrex"  or  similar  water-proofing  felt,  laid  in  asphalt  compound  and 
protected  with  a  course  of  hard  brick  laid  flat  in  the  compound.  After 
laying  the  brick,  the  compound  was  poured  in  the  joints  and  mopped 
over  their  tops.  The  drainage  from  this  type  of  water-proofing  w-as 
taken  over  the  back-walls  and  through  the  dry  packing  already  de- 
scribed to  the  sewers  in  the  streets.  The  nipple  proved  to  be  a  some- 
what troublesome  detail,  aaid  it  was  difficult  to  get  it  tight,  the  w^ater 
frequently  finding  its  way  around  it.  These  bridges  also  developed 
some  leaks  along  the  main  girders,  due  to  the  separation  of  the  mastic 
from  the  girder  webs;  but  the  leaks  were  bad  in  only  a  few  eases, 
and  have  been  largely  corrected  by  mopi)ing  hot  pure  asphalt  on   the 
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mastic  along  the  girder  webs,  spreading  burlap  over  it,  and  then  apply- 
ing another  mopping  of  asphalt.  The  deck  bridges  with  the  felt 
and  compound  are  much  tighter. 

The  second  lot  of  bridges  designed  and  erected  differed  from  the 
foregoing  in  that  the  troughs  were  filled  with  cement  concrete  to  the 
top  of  the  rivet  heads,  and  a  smooth  coat  of  asphalt  mastic,  1.5  in. 
thick,  was  put  on  in  two  layers  and  ha.unched  up  against  the  girder 
webs  and  under  a  flashing  angle  riveted  to  the  webs.  The  same 
method  was  used  on  the  viaduct.  The  drainage  on  the  bridges  is  to 
one  or  both  ends,  and  over  the  back-walls,  depending  on  the  grades. 
On  the  viaduct,  it  is  to  cast-iron  inlet  boxes  and  thence  through 
wrought-iron  down-spouts  to  the  street  level,  and  in  vitrified  clay  pipes 
to  the  sewer.  These  bridges  have  generally  been  tight,  except  in  a  few 
cases  where  there  has  been  a  separation  of  the  mastic  from  the  flash- 
ing angles  and  webs,  and  these  defects  have  been  remedied  by  cutting 
out  the  cracks,  filling  them  with  hot  pure  asphalt,  and  finally  covering 
them  with  burlap  mopped  with  asphalt,  as  previously  described.  On  a 
portion  of  the  viaduct,  the  mastic  cracked  badly  on  the  haunching, 
and  required  considerable  repairing.  This,  it  is  believed,  was  due  to 
the  improper  proportioning  of  the  ingredients,  as  it  occurred  when 
the  work  was  first  started.  In  several  other  cases,  leaks  have  occurred 
where  it  was  necessary  during  construction  to  push  the  work  irre- 
spective of  the  weather  conditions,  and  in  other  places  where  it  was 
difficult  to  make  a  good  joint  between  old  and  new  work.  It  was  found 
to  be  very  difficult  to  clean  properly  the  surfaces  on  which  either  the 
new  compound  or  the  new  mastic  was  added,  and  it  is  thoroughly 
believed  that  without  adequate  cleaning  and  drying  it  is  impossible  to 
bond  surfaces  with  any  asphaltic  water-proofing  material.  The  neces- 
sity of  using  an  asphalt  material  which  has  a  very  low  brittle  point 
and  a  si;fficiently  high  melting  point  simply  to  prevent  running  in  hot 
weather,  has  been  apparent  in  this  work,  and  is  indicated  especially  for 
similar  work  where  the  structure  is  subject  to  vibration.  Eecent 
work  has  also  shown  the  necessity  of  using  a  joint,  between  the  asphalt 
mastic  and  the  metalwork  of  the  structure,  consisting  of  a  pocket  of 
pure  elastic  asphalt. 

The  estimated  costs  of  the  water-proofing  were  obtained  by  a  care- 
ful  analysis   of    the   lump-sum   figures   for   the   bridges,    and   show    a 
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Fig.   10. — Water- Proofing  Bridge-s  :    Forms   for   Mastic. 


Fig.   11. — Water-Proofing   Bridges,   Susquehanna   Avenue. 
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TYPICAL  CROSSSECTIONSOFWATERPROOFING  WHERE    IT 
WAS  IMPOSSIBLE  TO  TAKE  CARE  OF  DRAINAGE  OFF  THE 
ENDS  OF  THE  BRIDGE. 
Fig.  12. 
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cost   per    square   foot   for    all   water-proofing   work    and    drainage    as 
follows : 

Cost  per 
square  foot. 

Special  deep  floors  with  nipples;  1.5  in.  of  asphalt $0.42  to  $0.55 

Hydrex  felt  on  deck  bridges;  five  layers  and  brick 0.25  to     0.26 

Viaduct;  6-in.  Z  floor;  1.5  in.  of  mastic 0.24 

Standard   trough   floor,   filled   with   concrete;    1.5   in.    of 

asphalt   0.24  to    0.30 


Section   J  \Veb  PLll's  S"    ,  Maj.  Pitch  4(3  at  « 

of  Floor  }  4  X  ■■lii\  !.<;'Ls  (4  leg  horiz.)C"x  3^"j 

i  tieldrivs.,  0  ehop 


r  i  4x  3J4"s  i..;"Ls  (4 'leg 
I  Bott.  PI.  12"i  ^{  5  : 


TYPICAL  CROSS-SECTION  OF  WATER-PROOFING 
WHERE  THE  DRAINAGE   IS  TAKEN   OFF  THE 

ENDS  OF  THE   BRIDGE. 
THE  TROUGHS  FILLED  WITH   CONCRETE. 

Fig.   13. 


The  specifications  for  this  work  may  be  briefly  abstracted  as  follows : 

"Wherever  called  for  on  the  plans,  the  decks  of  the  bridges  shall  be 
protected  as  follows : 

"First. — By  placing  1:3:6  concrete,  |-in.  stone  or  gravel,  troweled 
on  top,  as  shown  on  the  plans.  The  cement  concrete  thus  placed  shall 
be  allowed  to  dry  thoroughly  so  as  to  prevent  the  formation  of  steam 
when  the  asphalt  mastic  is  applied.  All  vertical  surfaces  of  concrete 
or  steel  shall  be  prepared  by  first  painting  with  the  asphalt  hereafter 
described,  melted  and  diluted  with  62°  Baume  naphtha  to  the  proper 
consistency.  The  paint  shall  not  be  applied  to  horizontal  surfaces 
except  where  specially  directed. 

"Second. — The  cement  concrete  thus  prepared  shall  be  water- 
proofed with  a.sphalt  mastic  equal   in  quality,  for  the   intended  pur- 
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Fig.    14. — Traveler  Starting  Erection  of  Viaduct. 


Fig.   15. — East   Hal?   ok    Vxauict   Completed. 
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Fig.   16.— Erecting  West  Half  of  Viaduct. 


I 


Fig.   17. — Water-Proofing  South    End  of  Viaduct. 
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Fig.    is. — Ekecting  Bridges,  Tioga  Section,  West    Side. 


Fig.   19. — Water-Proofing   Bridges,   Tioga   Section. 
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pose,  as  to  inprodionts  used  and  resistence  to  water,  to  the  following 
specifications,  and  be  approved  as  such: 

"Neufchatel,  Seyssel,  or  Sicilian  rock  mastic...   60  parts. 

"Clean  sharp  grit  and  sand  to  pass  a  sieve  of 

8  meshes  }ier  inch 30       " 

"Refined  T^t'rnuulcz  or  Trinidnd  asphalt 10       " 

"These  proportions  shall  be  varied  where  required  by  special  condi- 
tions on  the  work. 

"The  mixture  shall  be  made  at  the  site  of  the  work,  and  heated  to 
a  temperature  of  from  250  to  300°  Fahr.,  and  stirred  until  all  the 
ingredients  are  thoroughly  incorporated.  It  shall  then  be  spread  and 
thoroughly  worked,  to  free  it  from  voids,  and  ironed  to  a  smooth  sur- 
face with  hot  smoothing  irons,  if  so  directed.  All  mastic  shall  be 
applied  to  the  work  in  two  coats,  making  the  total  thickness  shown 
on  the  plans.  The  coats  shall  break  joints,  and  the  mastic  shall  be 
distributed  evenly.  Where  the  thickness  of  the  water-proofing  ma- 
terials is  less  than  2.25  in.,  the  full  thickness  shall  be  made  up  of 
asjihalt  mastic. 

"Great  care  shall  be  taken  around  expansion  joints,  drain  pipes, 
and  other  similar  places,  and  the  methods  to  be  followed  shall  be  as 
specified  on  the  plans  or  as  directed  by  the  Chief  Engineer. 

"The  cost  of  the  water-proofing  specified  herein  shall  be  included 
in  the  lump-sum  prices  for  the  bridges." 

The  asphalt  mastic  used  on  this  work  was  prepared  from  Sicilian 
Natural  Kock  Mastic,  which  averaged  from  13  to  16%  of  bitumen 
soluble  in  carbon  bisulphide. 

Passenger  Stations. 

Four  passenger  stations  required  rebuilding  on  account  of  the 
elevation  of  the  tracks,  namely,  Girard  Avenue  Central,  Columbia 
Avenue,  Tioga,  and  Nicetown.  As  all  have  been  built  considerably 
larger  than  the  old  stations,  the  greater  part  of  the  cost  has  been 
lirirne  by  the  Railway  Company,  the  City  simply  paying  one-half  of 
what  it  would  have  cost  to  raise  to  the  new  track  level  structures 
with  the  accommodations  of  those  existing  at  the  time  the  work  was 
started. 

Girard  Avenue  Central. — The  four-track  viaduct,  with  its  straight 
alignment  at  this  point,  made  it  possible  to  provide  platforms  only 
iiH  the  two  outside  or  local  tracks,  the  station  buildings  on  each  side 
being  erected  on  a  steel  structure  over  the  bed  of  Girard  Avenue 
supported  by  columns  on  the  curb  lines.  The  lengths  of  the  platforms 
at   this   point   are  controlled   by   existing  industrial   sidings,   and,   un- 
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fortunately,  are  not  as  long  as  desired.  This  station  had  very  deep 
foundations  for  the  columns,  they  being  in  the  bed  of  an  old  creek, 
and  cost  $54  602.40,  the  entire  cost  being  assumed  by  the  Kailway 
Company,  as  the  old  building  was  very  small. 

Columbia  Avenue. — This  station  is  an  important  one,  as  all  trains 
on  the  main  line  and  to  New  York  stop  there.  The  tracks  cross  the 
street  at  about  the  elevation  of  the  old  street,  making  a  very  severe 
change  of  grade.  A  number  of  studies  were  made  for  the  new 
station,  involving  very  different  schemes,  all  of  which,  however, 
included  the  spreading  of  the  tracks  so  as  to  place  island  platforms 
between  the  north-  and  south-bound  tracks,  and  in  so  doing  entailed 
the  purchase  of  additional  right  of  way.  It  was  finally  decided  to 
purchase  a  lot  at  the  southwest  corner  of  Ninth  and  Columbia  Ave- 
nues, and  place  on  it  the  main  waiting-  and  baggage-rooms,  locating 
the  other  necessary  facilities  benea.th  the  tracks,  which  are  carried 
on  a  steel  structure  for  this  purpose. 

The  main  building  has  a  frontage  of  170  ft.  on  the  south  side  of 
Columbia  Avenue,  150  ft.  on  the  west  side  of  Ninth  Street,  and  150  ft, 
on  the  east  side  of  Hutchinson  Street,  The  exterior  walls  are  of  gray 
brick  with  granite  base,  and  Indiana  limestone  and  terra  cotta  trim- 
mings. The  passageway  to  the  trains  and  the  stairways  to  the  elevated 
platforms  are  lined  with  white  enameled  brick.  The  interior  is  de- 
signed with  complete  accommodations  for  handling  heavy  traffic.  The 
main  waiting-room  is  52  ft.  by  79  ft.,  and  is  35  ft.  high,  with  polished 
Italian  marble  wainscot  9  ft.  high.  The  floors  are  of  marble 
terraza  with  marble  panels.  A  ticket  office,  smoking-room,  men's  toilet, 
barber  shop,  women's  waiting-room,  telegraph  and  telephone  service, 
news  stands,  baggage-  and  express-rooms,  are  also  provided. 

The  two  platforms  on  the  high  level  are  800  ft.  long.  They  are  of 
concrete  with  concrete  curbs  on  the  earth-filled  portion  and  with  con- 
crete curbs  with  asphalt  mastic  over  the  steel  portion.  They  are  cov- 
ered with  heavy  sheds  of  the  umbrella  type.  The  entrance  stairways 
to  the  platforms  are  from  a  passageway  at  right  angles  to  and  beneath 
the  track,  and  between  the  main  waiting-room  and  the  baggage-room. 
This  passageway  can  be  reached  from  the  main  waiting-room  or  from 
either  Ninth  or  Hutchinson  Streets  directly.  There  are  exit  stairways 
from  each  platform,  with  turnstiles.  These  lead  to  Columbia  Avenue 
and  also  to  Oxford  Street. 
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Pig.   20. — Completed  Viaduct  From  Above. 


Fig.   21. — Old  Stone  Ties,  P.,  G.  &  N.  R.  R.,  ix  Place. 


Fig.  22. — Engine   "Rocket"  in   Colimbl\   .\venue   Station. 
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Fig.   23. — Columbia  Avenue  Station. 


Fio.   24. — Interior  View,   Columbia  Avenue   Station. 


I'apci 


1 1;  \(  K  i:rj:vATi()x,  I'li  ii,  \i)i:i,i'ii  i  a,  I'\. 


913 


Fig.  25. — GiRARD  Avenue  Station. 


Fig.  26. —  Tioua  Station. 
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There  are  two  bagp;agG  elevators  on  each  platform,  and  they  are 
located  so  as  to  be  accessible  from  the  passageway  previously  referred 
to.  Thoy  are  of  the  hy(h';nilic-plun8-er  type,  the  pumps  being  operated 
by  a  :20-h.p.  electric  motor.  The  cars  are  5  ft.  10  in.  by  15  ft.  9  in., 
and  the  vertical  lift  is  about  IT  ft.  6  in.  Each  elevator  has  a  capacity 
of  4  000  lb.  in  addition  to  its  own  weight,  and  travels  at  the  rate  of 
100  ft.  per  min..  with  an  average  load  nf  2  500  lb.  and  with  a  main- 
tained water  pressure  of  160  lb. 

On  tlir  altiuidonuKMit  of  the  old  station,  a  temporary  building  was 
erected  on  the  street  level  at  Oxford  Street.  This  was  used  while 
travel  was  on  the  low  level,  and  also  when  it  was  on  the  high  level  on 
the  east  side.  Access  to  it  at  this  stage  was  maintained  by  a  stair- 
way from  Oxford  Street  and  a  temporary  baggage  lift  between  Oxford 
Street  and  Columbia  Avenue.  On  the  completion  of  the  main  waiting- 
and  baggage-rooms,  the  temporary  buildings  were  removed,  and  all 
travel  was  handled  from  the  east  platform  until  all  four  tracks  were 
idaced  in  service.  The  cost  of  the  station  building,  platforms,  shelters, 
etc.,  was  $217  134.15. 

Engine  '^Rocket". — Facing  on  the  passageway  to  the  trains,  in  the 
Columbia  Avenue  Station,  there  is  an  inclosed  room,  electrically 
lighted,  in  which  the  Engine  "Rocket"  rests  on  the  original  stone  ties, 
cast-iion  chairs,  and  wrought-iron  rails  which  were  recovered  from  the 
excavations  made  along  the  line  of  the  elevated  work,  and  which  con- 
stituted the  original  roadbed  of  the  Philadelphia,  Germantown,  and 
Xorristown  Railroad.  A  large  number  of  the  ties  were  found,  a  few 
i.f  tlie  chairs,  and  only  a  small  quantity  of  the  rails. 

The  "Rocket"  was  one  of  a  number  ordered  by  the  Philadelphia 
;Mid  Reading  Railroad  in  1836  from  Braithwaite  and  Millner,  of  Lon- 
don. England,  and  was  built  in  1S3S.  It  was  delivered  at  the  Port  of 
Philadeli)hia,  and  conveyed  by  canal  to  the  foot  of  Penn  Street.  Read- 
ing. From  this  point,  it  was  hauled  on  its  own  wheels,  througli  tlie 
streets,  by  horses,  and  placed  on  the  tracks  of  the  Philadelphia  and 
Reading  Railroad  at  Seventh  and  Penn  Streets,  Reading.  The  rail- 
road was  completed  at  that  time  between  Reading  and  Norristown.  It 
wa.s  placed  in  passenger  service  in  May,  1838,  and  was  retired  in  ]\rarch, 
1879,  having  run  310164  miles.  It  was  placed  on  exhibition  at  the 
World's  Fair  at  Chicago  in  1893,  and  also  at  the  St.  Louis  Exposition 
in  1!'04.     It  weighs  8.4  tons. 
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Tioga  and  Nicetown.-The.e  two  stations  may  be  referred  to  to- 
gether, as  they  are  in  many  respects   similar.     They   are  m  a  senu- 
Lbnrban  section  of  the  City,  and   are  nsed  ^^^  /-local  pa^  en  er 
business.     They  are  one-story  bnildings  above  the  track  level,  w.th  an 
additional  story  on  the  street  level.     The  larger  station  at  each  po  n 
is  on  the  south-bound  side,  in  which  is  also  the  ticket  office     They  are 
built   of   brick   with   terra    cotta   trimmings,   and    are   neatly   fimshed 
throughout.     The  platforms  can  be  reached  by  several  flights  of  steps 
or  by  paths  through  the  station  grounds.     Electric  lifts  are  provided 
on  both  sides  of  the  tracks  for  baggage  and  express  service,  and  tun- 
nels connect  the  north-  and  south-bound  stations  beneath  the  tracks 
The  elevators  have  a  lifting  capacity  of  2  000  lb.  at  a  speed  of  50  ft. 
per  min.    The  dimensions  of  the  cars  are  5  ft.  by  10  ft. 

The  new  station  at  Tioga,  including  the  grading  of  the  grounds, 
the  cement  platforms,  and  the  driveways,  cost  $62  886.64.  That  at 
Nicetown,  with  similar  appurtenances,  cost  $43  554.5  ^ 

While  the  two  tracks  on  the  west  side  were  being  elevated,  the  sta- 
tion buildings  on  this  side  were  being  erected,  and  when  travel  was 
placed  on  that  side,  a  temporary  platform  was  erected  to  care  tor 
the  north-bound  business,  while  the  two  tracks  on  the  east  side  and  the 
north-bound  station  were  being  completed. 

Freight  and  Car  Cleaning  Yards. 
The  Eailway  Company  operated  freight  yards  at  Eighth  and  Master 
Tenth  and  Berks,  and  Broad  and  Lehigh  Streets,  before  the  e  evated 
work  was  started,  as  well  as  car  cleaning  yards  at  Twelfth  and  York 
and  Thirteenth  and  Lehigh  Streets.     The  finished  general  plans  pro- 
vided for  the  retention  of  the  first  two  freight  yards  and  the  rearrange- 
ment of  the  other  so  as  to  consolidate  the  car  cleaning  yards  at  Broad 
and  Lehigh  Streets.     The  yards  between  York  and  Cumberland  Streets 
were   designed  for   freight  purposes.     All  were  designed   as   elevated 
yards  except  that  for  the  car  cleaning,  in  which  there  was  but  slight 
change  in  grade.     A  number  of  studies  were  made  to  determine  the 
best  and  most  economical  method  of  arranging  the  grades  of  the  tracks 
in  these  yards,  as  well  as  the  grades  of  the  driveway  approaches;  and 
the  final  plans,  it  is  believed,  embody  the  most  economical  arrange- 
ment that  could  be  made.     The  yards  in  all  cases  were  thrown  entirely 
out  of  service  during  construction.     Concrete  walls  were  built  on  the 
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street  lines,  the  embankments  placed  to  the  new  level,  and  all  driveways 
provided  with  5-in.  bhiestone  curbs,  and  paved  with  granite  blocks  on 
a  sand  base.  As  a  general  rule,  all  ramp  driveways  leading  to  the 
streets  had  4%  grades,  and  the  maximum  grade  on  the  tracks  was 
3  per  cent.  All  track  work  was  done  by  Company  forces  on  emer- 
gency orders.  The  contracts  for  the  freight  yards  were  as  follows, 
and  show  all  the  cost  except  the  track  work : 

Location.  Total  cost.  Car  capacity. 

Master   Street    $97  868.30 6(5 

Berks   Street    70  350.03 55 

York  Street  Yards   67  059.23 1U4 

Car  Cleaning  Yard. — This  yard  has  a  capacity  of  230  passenger 
cars,  and  is  provided  with  a  service  building,  a  small  car  repair  and 
paint  shop,  a  power-house  building  for  furnishing  steam,  air,  and 
lighting,  and  the  yard  is  equipped  with  complete  piping  for  the  deliv- 
ery of  steam,  air,  and  water  to  any  point.  All  pipes  are"  placed  in 
creosoted  wooden  conduits,  readily  accessible  for  necessary  repairs. 
The  mechanical  equipment  of  the  power-house  was  furnished  by  the 
Motive  Power  Department,  and  its  cost  is  not  included.  The  entire 
cost,  exclusive  of  the  track  work  and  the  mechanical  equipment,  was 

$53  326.82. 

Greex  Street  Engine  Yard. 

Practically  all  the  engines  operating  in  the  Reading  Terminal  are 
cared  for  in  the  Green  Street  Yard.  The  four  main  tracks  and  a  track 
for  the  delivery  of  coal  to  the  coaling  station  run  through  this  yard 
on  an  elevated  structure  of  concrete  walls  and  fill.  Engines  coming 
from  the  Terminal  run  north  to  about  Bro\\Ti  Street  and  back  down  a 
3%  grade  on  the  east  side  of  the  yard  to  the  original  level  beneath  the 
coaling  station,  where  they  receive  coal,  water,  and  sand  and  dump 
ashes.  They  then  run  south,  turning  if  necessary  on  a  75-ft.  turn-table 
operated  by  an  electric  motor,  and  pass  through  g  tunnel  beneath  the 
main  tracks  to  the  west  side  of  the  yard  where  they  can  proceed  to 
the  engine-houses  for  repairs  and  cleaning,  or  iip  a  second  3%  grade 
to  the  high-level  storage  yard  from  which  they  run  out  on  the  main 
tracks  and  back  to  the  Terminal.  Tliu>  all  crossing  of  the  main  tracks 
is  avoided.  There  are  two  turn-tables  on  the  west  side  of  the  yard. 
This  arrangement  makes  four  bridges  over  Fairmount  Avenue  at  dif- 
ferent levels.    Beginning  on  the  west  side,  one  track  for  engines  leaving 
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the  yard;  fouv  main  tracks;  one  coaling  trao!=  for  the  coaling  station; 
and  one  track  for  engines  entering  the  yard.  This  arrangement  made 
it  unnecessary  to  raise  the  whole  of  the  yard,  with  ^^^^  ^^^'IZZl 
and  turn-table  on  the  west  side,  to  the  new  elevat.ou,  and  thus  effected 
s  material  saving  in  the  cost  of  the  work. 

Coal-Pocket  Yards. 
The  Railway  Company  owns  and  leases  several  large  coal  yards, 
one  on  the  ea.,t  side  of  the  tracks  between  Berks  and  Norris  Streets 
and  oue  on  the  west  side  at  Tenth  and  Norris  Streets.     Only  the  hrst 
will  be  described,  the  other  being  similar  but  smaller.        - 

Originally,  the  tracks  in  the  yards  were  about  15  ft.  above  the  s  ree 
level  Due  to  the  elevation  of  the  main  tracks,  the  difference  m  leve 
was  increased  to  about  41  ft.,  and  it  wa.  decided  to  construct  pocket 
jards,  on  account  of  the  great  height.  There  are  two  double^rack 
pockets,  parallel  to  the  main  tracks,  each  with  a  capacity  of  10  000 
ons  in  the  pockets.  Each  is  about  46  ft.  wide  and  500  i>J<>n,  J^e 
twopockets  are  separated  by  a  driveway  about  37  ft.  wide.  The  bottoms 
of  the  pockets  are  about  10  ft.  above  the  paved  surface  of  the  yarte 
thus   allowing   delivery   teams    to   be   driven   under   them   and  loaded 

through  chutes.  j.  ■, 

The  tv,>e  of  construction  was  determined  only  after  very  carefu 
study.  Designs  were  made  for  all  steel,  reinforced  concrete,  and  al 
wood,  and  the  costs  were  carefully  estimated;  a  number  of  different 
combinations  were  also  tried.  It  was  found,  finally,  that  the  conu^osUe 
design  finally  constructed  was  cheaper,  both  in  first  and  o^P't^'-^  c^  ; 
than  either  all  steel  or  reinforced  concrete,  and  as  cheap  .n  first  cost 
1  "l  wood.    It  consists  essentially  of  a  covered  double-track  steel  plate- 

rder  viaduct,  wooden  longitudinal  pocket  walls,  and  wooden  pock 
floors,  supported  on  vertical  concrete  transverse  partition  walls  of  ful 
hlh     without  reinforcement.     Each  complete  pocket  is  divided  into 
0  pa;els  by  the   concrete  walls,  which  are  placed   at  26-ft    ecu  ers. 
Tiese  walls  are  40  ft.  long,  about  3.5  ft.  thick  at  the  base    where  they 
rest  on  footings  of  reinforced  concrete  4  ft.  deep,  10  ft.  wide,   and 

"'"coaTis'ddivered  to  the  pockets  by  standard-gauge  cars  on   each 
.,e  of  the  longitudinal  partition,  ^ao'i  track  b.ng  supported   .  two 
lines  of  30-in.  steel  plate   girders,   at   5-tt.   centers,      a 
riosed  by  a  monitor  of  frame  and  corrugated  iron  with  a  slag  roof. 
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to  be  dun.ped  into  hoppers  and  raised  into  the  pocket.  The  pockets  to 
be  twelve  in  number,  two  over  each  coaling  track.  The  con.bmed 
storage  to  be  2  000  tons.  Each  pocket  to  be  provided  w:th  approved 
chutes,  and  with  steam  pipes  and  valves  to  thaw  the  coal  when  frozen. 
Ash  pits  to  be  arranged  so  as  to  enable  engines  to  coal  and  dump 
ashes  at  the  same  time,  and  be  supplied  with  water  for  quenchmg 
the  ashes.  Provision  to  be  made  for  pockets  for  storing  250  cu.  yd.  of 
ashes.  Hoppers  with  a  storage  of  S  cu.  yd.  of  dry  sand  delivered  from 
the  high-level  coaling  track,  and  the  necessary  piping  to  transport 
the  sand  by  air  pressure  to  the  delivery  pockets,  each  of  4  cu.  yd. 
capa.city,  one  over  each  coaling  track.  ,  ,      ,        ;, 

Mac/.tner,.-Duplicate  machinery  to  be  provided  throughout  and 
designed  for  economy  in  operation  and  maintenance;  also,  to  be  as 
noiseless  as  possible.  Each  coal-handling  unit  to  have  a  guara:xteed 
capacity  of  100  tons  per  hour.  Machinery  for  handling  ashes  to  have 
a  capacity  of  250  cu.  yd.  in  10  hours  from  the  six  coalhjg-  tracks 

Power -K\\  power  to  be  electricity,  which  will  be  brought  to  the 
building  by  the  Railway  Company  from  a  power-house  on  the  west  side 

of  the  yard.  n     i.   r.^ 

A  number  of  bids  were  received,  based  on  different  methods  of 
handling  both  coal  and  ashes,  and  the  contract  was  finally  awarded  to 
the  Link  Belt  Company.  The  total  cost  o±  the  work  was  $96  6^0.13. 
The  principal  items  entering  into  this  cost  were  as  follows: 

,.         ,     .  ,  $48  090 

Building,   drainage,  etc ^^  ^^ 

Coal-handling  machinery ^ 

Ashes-handling    machinery ^ 

Sand-handling  machinery _' 

The   proposals    required   the   bidders   to   name   the   following    esti- 
mated figures,  which  in  the  accepted  bid  were  as  follows: 
Cost  of  handling  coal  from  cars  to  loco- 
motive, based  on  700  tons  in  10  hours.  .$0.0225  per  ton. 
Repairs    and   maintenance    on   coal-han- 

dling  machinery ^•^'^ 

Cost  of  handling  ashes  from  pits  to  cars, 

based  on  250  cu.  yd.  per  10  hours.  .. .  .  0.059       "     cu.  yd. 
Repairs  and  maintenance,  ashes-handling 

.  .  ...   0.012       "       " 

machinery   

The  general  arrangement  of  the  plant  is  shown  on  Plate  LXIII. 
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Fig.  27. — Cumberland  Street   Before  Work   Was   Started. 


Fig.  28. — Cumberland  Street  After  Work  Was  Completed. 
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Fig.    29. — Coai.ixg    Station  ;    axd    East    Side    of    Green    Street    Yard. 


Fig.   30. — Machinery  Floor,   Interior  op  Coaling  Station. 
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The  coal-haJidling  machinery  consisted  of  reciprocating  feeders 
to  two  Link  Belt,  gravity-discharge,  combined  elevators  and  conveyors. 
On  the  horizontal  runs  the  roller  chains  travel  on  steel  tracks  placed 
on  the  conveying  runs  so  as  to  suspend  the  buckets  above  the  cast-iron 
trough  along  which  the  coal  is  conveyed.  Each  machine  has  a  chain 
speed  of  75  ft.  per  min.,  and  is  actuated  by  a  25-h.p.  General  Electric 
motor,  the  motive  power  being  located  in  the  machinery  room. 

The  fire-boxes  of  engines  are  cleaned  into  concrete  brick-lined 
pits,  and  scraped  through  funnel-shaped  cast-iron  hoppers,  with  duplex 
gates  and  operating  valves,  to  duplex-pivoted  overlapping  bucket  car- 
riers following  rectangular  paths  and  discharging  into  the  storage 
pockets.  These  buckets  are  overlapping  and  of  malleable  iron,  pivotly 
secured  to  two  strands  of  heavy  malleable-iron  roller  chain. 

Dry  sand  is  delivered  from  the  receiving  hopper,  through  pipes  with 
reinforced  bends,  under  an  air  pressure  of  70  lb.  Special  chutes  lead 
from  the  delivery  hoppers  to  the  engines,  supplying  sand  by  gravity. 

The  entire  foundation  of  the  pockets  is  of  reinforced  concrete,  and 
this  material  is  used  for  the  construction  above  the  floor  of  the  pockets, 
and  is  properly  designed  according  to  the  requirements  of  the  Bureau 
of  Building  Inspection,  City  of  Philadelphia.  The  drainage  is  ar- 
ranged so  as  to  lead  directly  to  the  city  sewers. 

The  high-level  delivery  track  is  constructed  on  a  1%  grade,  the 
station  being  located  midway  in  its  length,  so  that  ten  loaded  coal 
cars  can  be  placed  at  the  upper  end  of  the  grade,  dropped  by  gravity 
to  the  hoppers,  there  unloaded,  and  dropped  out  of  the  way,  without 
reaching  the  main  tracks. 

Permanent  Tracks. 

The  main  running  tracks,  previous  to  starting  work,  were  laid  with 
rails  of  90-lb.  Am.  Soc.  C.  E.  Section,  the  side  tracks  and  yards  with 
lighter  and  varying  sections.  A  complete  survey  and  joint  inventory 
was  made  of  all  the  existing  track  materials,  by  representatives  of  the 
City  and  the  Railway  Company,  before  the  work  was  started.  This 
was  for  the  purpose  of  eventually  determining  the  respective  shares 
of  each  in  the  cost  of  the  permanent  tracks,  as  the  number  of  tracks 
on  the  completed  work  was  in  excess  of  the  original  number,  and  in 
many  cases  the  new  tracks  were  laid  with  heavier  rails  and  fittings. 
The  City  only  joined  in  the  cost  of  replacing  the  original  weight,  all 
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excess  being  a  betterment  to  tbe  Kailway  Company  and  paid  for  en- 
"Xby  them.  All  track  details  were  furnished  according  to  the 
.andard  plans  and  specifica.ons  of  the  Eai^^^^^^^^^^^  ^^^ 

The    most    interesting    details    o±    tnese    si  ec 

"Tl.-90-,b.  Am.  Soc.  C.  E.  Section.    ShrinUage.  6.5  in.  in  SB  ft. 

Chemical  composition: 

„    ,  .  0.55  to  0.65%,  averaging  0.68% 

^,    not  to  exceed  0.076% 

Phosphorus  •■■;;;;;;;;;;;;;;;;:.  „„t  to  exceed  0.20% 

Manganese.'.' .'.'.'o.9o'to  1.16%,  with  average  above  1.00% 
Drop  test:  3  ft.  between  centers  of  supports ;  tup.  2  000  lb.  anvil  block 
20  000  lb.;  striking  face  of  tup,  not  more  than  6  in.;  height  of  drop, 

''  ne..-rirst-class  ties  of  white  or  rock  oak.    Dimensions   8  ft   6  in^ 
long,  Y  in.  thick,  and  not  less  than  1  in.  nor  more  than  U  in.  on  the 

"^TX\-Good,  hard,  durable,  broken  trap  rock,  crushed  so  that  it 
^^11  not  be  lamer  than  will  pass  through  a  2.5-in.  ring, 
""s      «l-"o%  ioint-plates;  Verona  nut-locks;  hard-steel,  center. 
f„gs     Wharton,   guard-rail   clamps ;   Eamapo   or  Pennsylvania   Steel 
Company,  switch  stands ;  O'Brien,  insulated  joints. 
Temporary  Signals. 
During  the  changes   in  the  tracks,  temporary  block  signals  were 
ereld  and  maintained  throughout  the  entire  length  of  the  line,  using 
trd  material,  as  far  as  possible,  and  adapting  it   temporarily  to  the 
newCditions.     Where  lead-outs  to  the  important  ^-d'  "-  -J" 
tained,  or  where  it  was  necessary  to  pass  from  a  two-track  to  a  four^ 
tck  condition,  temporary   towers   were  erected   and  connected   w^h 
the   necessary   switches   and   signals  with   manual   interlocking.     A^l 
hs  wts  done  by  Company  forces,  on  emergency  orders  covering  the 
temporary  track  work,  thus  keeping  the  operation  of  trains  at  a     times 
Tder  the  control  of  the  Operating  Department,  and  avoiding  all  possi- 
bihty  of  interference  with  the  safe  movement  of  trams. 
Permanent  Signals. 
Before   the   work    of   elevation    was    started,   the    entire    line   was 
equipped  with  Hall  automatic  block  signals,  and  two  small  manual 


PAPERS,  AM.  SOC.  C.   E. 
WAQNER  ON 


METHOD  OF  CARRyi 


WORKING  PLAN  SHOWING 

PLnWA.NENT  ELECTRIC    LIGHT  AND  TELEGRAPH  AND  TELEPHONE  LINES. 


Papers.!  TKACK  ELEVATION,  THILADELPHIA,  PA.  927 

niterlockiiig  plants  were  located  at  Fairmount  Avenue  and  Hunting- 
don Street,  respectively,  to  control  the  shifting  into  the  yards  at  these 
points.  After  the  elevated  track  plans  were  completed,  it  was  decided 
to  operate  all  the  switches  between  Broad  and  Green  Streets  affecting 
the  four  main  tracks  from  electro-pneumatic  interlocking  plants,  ag- 
gregating 98  working  levers.    These  are  as  follows : 

Cumberland  Street   11  working  levers. 

Tenth   Street    39         "  " 

Jefferson   Street   21         "  " 

Brown  Street  27         "  " 

98  working  levers. 

The  new  signaling  apparatus  was  put  in  by  the  Union  Switch  and 
Signal  Company,  and  embodied  the  latest  practice,  such  as  the 
following : 

1.  The  auxiliary  control  of  all  signals  by  all  switches  by  means  of 

the  duplications  of  positions  of  both  switches  and  signals  with 
relays  ; 

2.  Approach  and  route  locking; 

3.  Detector  circuits; 

4.  Federal  switch  guards. 

The  high  signals  are  semi-automatic,  three-position,  lower-quadrant 
.type,  with  a  short  "all  route"  or  "call-on"  signal  beneath,  on  the  same 
mast.    All  these  signal  masts  are  carried  on  signal  bridges. 

The  short-arm  signal  is  a  two-position  signal— horizontal  for  "stop" 
and  45°  below  the  horizontal  for  "caution— proceed."  It  is  used  to  call 
trains  on  past  the  high  signal  or  signals  on  the  same  mast,  if,  for 
any  reason,  the  proper  high  signal  cannot  be  displayed  in  the  "pro- 
ceed" position,  and  this  "call-on"  feature  is  accomplished  by  a  push- 
button placed  directly  under  the  signal  lever.  In  addition  to  its 
"call-on"  functions,  the  short-arm  signal  governs  all  the  remaining 
routes,  other  than  the  two  most  important  ones  controlled  by  the  two 
high  signals  above  it  The  maximum  number  of  high  arms  on  any 
one  mast  is  two,  governing  only  one  route  each. 

The  Federal  switch  guards  are  55  ft.  in  length,  and  are  placed  on 
every  switch,  movable-point  frog,  derail,  etc.,  over  the  entire  territory. 
The  detector  circuits  are  an  average  of  130  ft.  in  length. 
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The  route-locking  on  the  variou.  plants  is  arranged  with  a  releasing 
featnre,  whereby  all  switches  in  the  rear  of  .  train  on  the  rou  e  are 
eld  as  fast  as  the  entire  train  dears  the  respeotwe  foulmg  hmit 
fie  several  switches  involved  in  the  ronte.  Thus  a  route  cann»^ 
be  changed  ahead  of  a  train,  but  may  be  changed  behmd  one  provided 
the  home  signal  has  been  put  to  the  "stop"  Posi^on.  Hand  time  re- 
leases are  installed  for  the  release,  when  necessary,  of  signal  levers 
affected  by  the  approach  locking  feature. 

Electric  lights  (incandescent)  of  1-o.p.  are  applied  to  all  switch 
levers,  this  being  supplementary  to  the  detector  circuit  locking^ 
Each  light  is  encased  in  an  iron  box  with  a  separate  iron  cover  in  which 
there  is  a  frosted-glass  disc.  This  iron  box  is  directly  under  the 
levers,  and  is  at  all  times  in  view  of  the  signalman.  These  indicatrng 
lights  are  normally  lighted  up,  illuminating  the  small  white  frosted- 
giass  disc  with  number  thereon  corresponding  to  its  respective  swi  ch 
lever  number,  thus  showing  the  signalman  that  there  is  no  tram  on  the 
track  circuit  governing  the  switch,  and  the  lever  is  free  to  be  throwm 
The  extinction  of  the  light  indicates  the  presence  of  a  tram  on 
switch,  and  that  lever  is  locked  and  cannot  be  thrown. 

Approach  and  home  indicators  are  provided  m  the  tower.    The  ap 
proach  indicator  is  of  the  disc  type,  and  the  home  indicator   indicating 
from  the  home  signal  entirely  through  the  interlocking,  is  of  the  sema- 

""Thrstmi-antomatic   high   semaphore   signals    at    the   entrance   to 
the   interlocking  provide  the  signal   aspect  for   -*»-*-   '—° 
through  the  interlocking  block,  that  is,  these  signals  will  assume  the 
troc!ed-cantion»  (45»)  position  when  the  interlocking  block  is  unoc- 
c  ;::  and  when  the  track  and  switches  are  right  for  *e  -  -  ^"J; 
emed,  and  when  the  signalman  throws  the  signal  1-r   *,t  is,  the. 
signals  will  go  on  from  the  "caution"  to  the  "proceed  ^'^^jf        « 
position,  if  conditions  are  right  for  two  blocks  ahead.     They  will  go 
Tutoltically  to  the  stop  position,  after  the  train  has  passed  them  and 
entered  the  interlocking  block. 

The  automatic  signal  aspect  at  the  end  of  the  mterlocking  b lod^ 
,„verning  the  territory  between  and  up  to  the  next  interlocking  plant- 
Ta  doXhead  "home"  and  "distant,"  normal  danger.  Hall  disc  signal 

Thesttoc  signals  are  wired  in  conjunction  with  the  semi-automatic 
Ihese  disc  sign  ^^  ^        ,^_  j,^^ 

semaphore  signals,  so  that,  in  all  cases. 
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Fig.   31. — Westmoreland  and  Nineteenth  Streets  Before  Work  Was  Started. 


Fig.   32. — Westmoreland   and    Nineteenth    Streets    After    Work 
Was  Completed. 
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proper  lioinc  and  distant  indications  are  given,  and  also  so  that  the  disc 
signals  thrmiyh  the  interlock injjr  will  only  clear  if  the  proi)cr  roiit(\ 
leading  to  tlieni,  is  set  up. 

At  Broad  Street  the  new  signaling  connects  up  with  three-position 
semi-automatic  signals,  and  with  home  and  distant  disc  signals,  as 
above  explained.  The  signaling  at  the  Green  Street  end  joins  up  with 
two-position  normal  clear  automatic  pneumatic  semaphore  home  and 
distant  signals,  governing  into  the  Reading  Terminal. 

Eight  iron  signal  bridges  on  the  elevated  carry  the  signal  masts 
for  the  high  semi-automatic  semaphore  signals,  short-arm  signals,  and 
side  signals.  Table  7  gives  tlie  location,  number  of  tracks  crossed, 
and  cost  of  same.  At  Columbia  Avenue  Station,  where  the  tracks 
spread  apart  on  account  of  the  station  platforms,  there  is  a  two-track 
sigTial  bridge  north  of  the  station  carrying  signals  for  the  south-bound 
tracks,  and  a  two-track  bridge  south  of  the  station  with  the  signals  for 
the  north-bound  movement.  In  all  cases  the  clearance  from  underside 
of  signal  bridge  to  top  of  rail  is  23  ft.  8  in.;  and  the  side  clearance 
from  leg  of  bridge  to  center  line  of  nearest  track  is  an  average  of 
7  ft. 

Throughout  tlie  entire  territory,  between  Broad  and  Green  Streets, 
all  switclies  arc  interlocked  and  controlled  by  machine. 

TABLE  7. 


Contract  No. 


Location. 


Number  of 
tracks. 


Cost. 


as. 


South  of  Fairmount  Avenue 

North  of  Poplar  Street 

North  of  Master  Street 

North  of  ( )xh)nl  Street — two  bridges 

North  of  ("(ilunihia  Avenue 

North  of  Norris  Street 

Twelfth  anil  York  Streets 

Thirteenth  and  Cumberland  Streets  . 


81  684 
1558 
1444 
1489 
1595 
1503 
1  100 
1174 


Power  plants,  at  Huntingdon  and  Wallace  Streets,  supply  the  com- 
pressed air  (100  lb.  per  sq.  in.  at  the  power-house)  to  the  towers  through 
a  2-in.  main  air  pipe,  which  is  buried  6  in.  in  the  ballast  alongside 
the  track.  There  are  reservoirs  in  the  main  air  pipe  for  drainage,  and 
also  auxiliary  reservoirs  in  the  |-in.  branch  pipes  between  the  functions 
operated  and  the  main  air  pipe. 

Electric  current  is  furnished  from  the  power  plant  at  Huntingdon 
Street  at  650  volts  and  25  amperes  (D.  C.)  for  charging  the  necessary 
storage  batteries  at  the  various  interlocking  towers. 
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The  charging  wire,  etc.,  and  all  signal  wires  and  cables,  are  laid  in 
trunking  on  top,  at  the  side,  and  between  the  tracks  of  the  elevated 
structure.  There  is  a  main  switch-board  and  rheostat  at  the  power 
house  at  Huntingdon  Street  controlling  the  current  for  the  charging  of 
the  storage  batteries,  and  also  a  switch-board  at  each  plant  for  the 
control  of  charging  and  discharging.  These  switch-boards  at  the  several 
plants  are  wired  so  that,  if  desired,  all  the  batteries  at  all  four  plants 
can  be  charged  in  a  series  at  one  time,  or,  on  the  other  hand,  any  bat- 
tery or  batteries  desired  can  be  cut  off  from  charge  and  put  on  discharge. 

Electricity  is  used  for  the  lighting  of  all  signals,  towers,  etc.  The 
signal  lanterns  are  specially  designed,  each  containing  two  2-c.p.  in- 
candescent electric  lights,  and,  for  emergency  use,  an  oil  fount,  wick, 
etc.  The  high-tension  (1 100  volts,  A.  C.)  wire  for  the  electric  lighting 
is  carried  in  a  separate  conduit  from  the  trunking  used  for  the  signal 
wires,  and  this  current,  by  means  of  transformers  on  the  ground  at 
each  signal  group,  is  stepped  down  and  changed  to  110  volts  (D.  C.) 
for  the  signal  lamps.  Separate  trunking  is  also  run  for  these  110-volt 
wires. 

Communication  between  the  towers  is  provided  for  by  train  de- 
scriber  and  telephones.  These  train  describers  consist  of  sending  and 
receiving  instruments  for  each  track,  and  the  description  of  traffic  is 
accomplished  by  the  signalman  pressing  certain  numbered  buttons 
(according  to  code)  on  the  sending  instrument  for  a  certain  track. 
This  action  appears  on  a  corresponding  receiving  instrument  at  the  next 
tower,  giving  full  information  to  this  signahnan  of  coming  train  move- 
ment. 

The  signal  tower  at  Cumberland  Street  sets  back  from  the  center 
line  of  the  track  10  ft.,  and  is  a  brick  building,  three  stories  from  the 
street — two  stories  above  the  elevated  structure.  It  has  brick  facings 
and  an  overhanging  tile  roof.  The  inside  dimensions  are  21  ft.  9  in. 
by  11  ft.  8  in.  The  machine  is  in  the  top  story;  on  the  track  level 
are  the  relay  racks  and  relays  and  the  storage  batteries.  On  the 
street  level  the  room  is  used  for  the  signal  maintainer  and  for  the 
furnace. 

The  tower  at  Tenth  Street  is  the  largest  of  the  four.  It  is  triangu- 
lar in  plan,  with  the  hypotenuse  running  parallel  with  the  railroad. 
The  arrangement  of  the  rooms  is  similar  to  that  at  Cumberland  Street. 

The  tower   at   Jefferson    Street   is   built   on   the   viaduct   and  back 
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10  ft.  from  the  center  Hue  of  the  track.  It  is  a  copper-sheathed,  steel 
structure,  with  overhanging  tile  roof.  The  inside  dimensions  are  26  ft 
by  11  ft.     It  is  two  stories  high. 

The  tower  at  Brown  Street  sets  back  from  the  center  line  of  the 
track  9  ft.  It  is  of  brick,  two  stories  high,  and  similar  to  that  at 
Cumberland  Street.  The  inside  dimensions  are  25  ft.  10  in.  by  11  ft. 
3  in.  In  this  tower  is  placed  a  temporary  six-lever  frame  machine, 
with  four  working  levers  to  take  care  of  'the  converging  of  the  new 
four-track  line  into  the  old  two-track  line  at  Green  Street.  This  will 
be  removed  when  the  four-tracking  is  completed  into  the  Reading 
Terminal. 

The  cost  of  the  signal  towers  was  as  follows : 

Location.  Cost. 

Cumberland   Street $3  990 

Tenth  Street 5  990 

Jefferson   Street 4  114 

Brown   Street 3  Y60 

The  entire  cost  of  the  interlocking  work,  exclusive  of  the  signal 
towers  and  bridges,  was  $127  462.90. 

LocoMoxn^E  Water  Supply. 

On  account  of  the  changed  conditions  in  the  Green  Street  Engine 
Yard,  it  was  necessary  to  lay  new  pipe  lines,  making  connections 
with  the  existing  water  tanks  on  the  west  side  of  the  yard;  furnish 
and  erect  three  new  12-in.  Poage  automatic  water  columns;  re-erect 
an  old  8-in.  column  on  the  west  of  the  main  tracks;  and  construct 
tlie  pits  and  drainage  to  the  city  sewers.  The  total  cost  of  this  work 
was  $6  107.27. 

Changing  Grades  of  City  Streets. 

All  the  plans  for  the  necessary  changes  to  the  city  streets  were 
prepared  by  the  Bureau  of  Surveys  and  ai)proved  by  the  Railway  Com- 
pany.   Tlie  work  was  divided  into  five  contracts. 

The  work  under  these  contracts  included  the  underpinning  of  the 
adjoining  buildings,  where  the  changes  in  the  streets  affected  their 
foundations;  the  excavation  between  house  lines  to  the  new  street 
level;  the  renewal  and  reconstruction  of  all  gas  and  water  mains, 
electrical  conduits,  and  other  underground  structures;  provision  for 
temporary  access  to  all  buildings,  and  the  repaving  of  driveways  and 
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Sidewalks.  It  also  covered  the  necessary  adjustments  and  repavmg 
of  streets,  where  there  was  no  change  of  grade,  but  where  the  previous 
existence  of  the  tracks  of  the  railroad  and  their  remova  made  such 
adjustments  necessary.  It  also  covered  the  construction  of  the  smaller 
sewers,  the  work  on  which  could  be  deferred  until  the  struts  were 
excavated.     The  work  covered  was'  generally  as  shown  m  Table  8. 

TABLE  8. 


108. 


109. 
110. 


111. 


ranges  o^^^^^l^^,^^  A^^S^T^^^ 

ChaSTffrrde  of  Ruling  P^^^^  ^^  -" 

^  strelts  from  Tioga  Street  to  Richmond  Branch 
Adjustments  on  Montgomery  Street  


$122  833.37 

110  756.42 

134  338.60 

43  125.00 
2  185.75 


The  principal  prices  and  the  quantities  of  the  most  important  items 
are  given  in  Table  9. 

TABLE  9-PRiCES  and  Quantities  of  Principal  Items 
OF  Street  Contracts  fokGrading^a^ 


Kind  of  Work. 


Contract 

No.   108. 


Rate.   Amount. 


Excavation,  cubic  yards 
Rubble    underpinning. 

cubic  yards .•  — 

Granite   block  paving. 

square  yards ; 

Sheet  asphalt  paving. 

square  yards .- •  •  • 

Cement   sidewalk    paving, 

square  yards. .. ..  ..•. 

6-in.    cement    curb,  hnear 

feet v",  ■•"■■; 

8-in.  cement    curb,  linear 

feet ;•■• 

Granite     block    repaving. 

sand  base,  square  yards. 
Granite  block  paving,  6-iii. 

concrete     base,    square 

yards 


Contract 
No.  109. 


Contract 
No.  110. 


Rate. 


Amount. 


0.85 


Rate.  Amount. 


Rate.  Amount. 


2  788 


1.15 


0.85        7  528 


0.85 


12 


Industrial  Connections. 
Before  the  work  was  begun,  there  were  m.ny  industrial  eonnections 
to  the  existing  tracks,  leadin.  to  coal  yards  of  retail  dealers,  to  f  aotone. 
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and  for  gonoral  industrial  purposes.  Under  tlie  law,  the  burden  of 
the  reconstruction  of  these  connections  falls  principally  on  the  owner, 
as  the  Railway  Company  cannot  assist  in  the  cost  of  *  reconstruction 
on  private  property.  The  cost  of  making  the  connections  from  the 
main  tracks  to  the  right  of  way  was  borne  jointly  by  the  City  and  the 
Railway  Company  as  part  of  the  work  of  elevation  of  the  tracks,  where 
industrial  connections  formerly  existed.  Owing  to  the  requirements 
of  the  safety  appliance  clauses  of  the  Interstate  Commerce  Commission, 
the  Railway  Company  established  a  minimum  radius  of  150  ft.  for 
the  new  connections,  and,  further,  decided  on  a  minimum  length  of 
siding  to  accommodate  two  cars.  The  radii  of  many  of  the  former 
sidings  was  as  small  as  50  ft.,  in  many  cases  requiring  the  insertion  of 
special  extra  links  between  cars  in  operating,  and  even  then  attended  by 
frequent  derailments.  In  minimum  cases,  in  the  new  work,  a  No.  4 
curved  frog  was  used,  ajid,  with  the  nlinimvim  radius,  this  made  it 
possible  to  maintain  many  connections  where  the  frontage  on  the  rail- 
road was  small.  However,  the  more  important  connections  have  been 
maintained,  although  suits  are  pending  where  the  new  conditions  have 
made  their  continuance  impossible.  Where  coal  yard  sidings  have  been 
reconnected,  the  additional  height  has  made  it  possible  for  the  owners 
in  many  cases  to  build  pockets  and  load  directly  into  wagons  without 
extra  handling. 

Railings  and  Picket  Fence. 

Careful  studies  were  made  for  the  design  of  railings  to  be  placed 
along  the  retaining  walls,  and  finally  the  gas-pipe  railing  with  cast-iron 
posts  shown  in  Fig.  33  was  adopted.  The  specifications  for  the  pipe 
required  that  it  be  dipped  at  the  shops  in  red  lead  paint  containing 
95%  of  red  oxide  of  lead.  The  cost  of  this  type  of  railing,  including 
the  attachment  to  the  walls,  was  as  follows: 

Contract  numbers.  . .  5  7  14  32 

Cost  per  linear  foot..       SO. 58  S0.75  SO.oS  $0.68 

After  the  work  was  well  under  way,  the  maaiagcment  of  the  Railway 
Company  decided  to  enclose  its  property  throughout,  so  as  to  pre- 
vent trespassing,  and  plans  were  prepared  for  a  picket  fence,  designed 
so  as  to  make  it  very  difficult  to  scale  and  at  the  same  time  be  as 
economical  as  possible.  Gates  of  the  same  type  were  also  required  at 
all  the  industrial   connections. 
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Detail  of  top  of  Pickets 


P'lMl 


2>ix 


2J^"xk"^" 


^^^ 
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All  the  gas-pipe  railing  which  had  been  furnished  was  stored  and 
used  on  other  contracts  where  the  walls  required  merely  protection 
for  railway  operatives,  and  were  not  on  property  lines. 

Most  of  the  picket  fence  was  furnished  under  Contract  No.  36,  but 
prices  were  obtained  in  a  number  of  other  contracts.  These  prices- 
included  the  priming  with  red  lead  and  the  erection  and  painting  with 
two  coats  of  standard  Philadelphia  and  Beading  paint.  The  prices  were 
as  follows : 

Contract  numbers  ...       3  4  6  9  10        12         36 

Fence  per  linear  foot.   S1.21  S1.15  S0.90  $1.15  Sl.lo  SI. 50  S1.05 

The  work  under  Contract  No.  36  included  a  number  of  iron  gates  for 
the  entrances  of  the  various  freight  yards,  an  item  of  $2  580  for  raising 
the  Huntingdon  Street  foot  bridge,  and  8  819  ft.  of  picket  fence. 

The  result  of  placing  the  picket  fences  has  been  a  complete  shut- 
ting out  of  the  trespassers  from  the  tracks,  as  the  only  approach  to 
them  is  from  the  freight  yards  or  stations. 

Telegraph  and  Telephone. 

Before  the  elevation  of  the  tracks,  the  telegraph  and  telephone  sys- 
tem was  carried  on  pole  lines  throughout  the  entire  extent  of  the  work. 
In  addition  to  the  wires  of  the  Railway  Company,  those  of  the  Western 
Union  Telegraph  Company  (operated  under  a  lease)  had  to  be  cared  forJ 

As  overhead  wires  during  construction  would  have  required  con- 
stant changing,  and  would  have  been  .much  in  the  way,  it  was  decided 
to  remove  all  through  wires  entirely  from  the  line.  Accordingly,  ar- 
rangements were  made  to  carry  them  in  cables  through  city  conduits 
to  Thirty-first  and  Girard  Avenue,  and  thence  in  a  temporary 
cable  attached  to  the  existing  pole  line  along  the  main  line  to  West 
Falls,  and  thence  by  the  Richmond  Branch  to  Wayne  Junction. 
The  wires  to  yards  and  stations  required  for  operation  were  car- 
ried through  the  city  streets,  by  leased  attachments  on  poles  of  private 
corporations,  to  the  several  yards  and  stations,  and  in  a  few  cases 
along  the  line  during  construction  in  underground  temporary  trunking. 
The  liailway  Company  elected  to  place  these  wires  underground 
permanently  on  the  solid  elevated  structure,  by  cables  in  vitrified  clay 
ducts  surrounded,  with  concrete  and  in  cables  attached  to  the  steel  via- 
duct between  Brown  and  Jefferson  Streets.  As  the  City  was  not  will- 
ing to  do  more  than  join  in  the  cost  of  an  overhead  pole  line,  it  was 
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decided  to  have  the  Eailway  Company  arrange  and  pay  for  the  perma- 
nent installation,  the  City  to  join  only  in  the  cost  of  replacing  an 
overhead  pole  line.  In  crossing  the  bridges,  the  cables  are  either  car- 
ried beneath  the  steelwork,  passing  through  openings  provided  in  the 
hack  walls  or  above  the  floor  carried  through  the  haunching  against 
the  girders  through  bituminized  fiber  conduits  laid  in  the  concrete. 
•Concrete  manholes  with  steel  covers  are  located  at  such  intervals  as 
the  drawing  of  the  cables  makes  necessary.  The  laying  of  the  ducts 
and  the  drawing  of  the  cables  was  done  by  Company  forces,  after 
travel  was  on  the  tracks  and  as  soon  as  the  fill  was  sufficiently 
•consolidated. 

Permanent  Electric  Lighting. 
The  original  lighting  of  the  line  and  the  stations  was  by  no  means 
complete.  The  stations  and  yards  were  lighted  either  by  gas  or  elec- 
tricity, provided  by  outside  corporations.  The  lighting  of  the  new 
work  is  complete,  not  only  in  the  yai'ds  and  at  the  stations,  but  also 
along  the  entire  line,  the  current  being  furnished  by  the  power-houses 
•of  the  Company  at  Wallace  and  Huntingdon  Streets.  The  wires  are 
carried  from  the  power-houses  along  the  line  in  ducts  of  bituminized 
£ber,  laid  in  concrete  on  the  masonry  and  fill  sections,  and  by  over- 
head poles  attached  to  the  steel  viaduct.  As  this  work  was  an  entire 
betterment,  it  was  carried  out  by  Company  forces  in  conjunction  with 
the  Motive  Power  Department,  and  the  entire  cost  borne  by  the  Rail- 
way  Company. 

General  Data. 

Total  number  of  grade  crossings  abolished 28 

Total  number  of  bridges,  not  including  viadvict 28 

Length  of  four-track  viaduct,  in  feet 3  36.5 

Square  feet  of  bridges,  including  viaduct 352  400 

Total  weight  of  strvictural  steel  in  bridges  and  viaduct,  in  tons.       27  ISO 

Number  of  signal  bridges 11 

Third-class  masonry  in  retaining  walls,  in  cubic  yards 67  500 

Concrete  masonry  in  abutments  and  walls,  in  cubic  yards 151  800 

Barrels  of  cement  used 231  800 

Embankment,  in  cubic  yards 430  400 

Lumber  in  temporary  trestle,  in  thousands  of  feet. 4  322 

Number  of  contracts 47 

Number  of  emergency  orders 52 
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Station  ami  other  buildiii;4-s 16 

!Miles  of  single  track,  perinancnt 30.1 

Number  of  reconstnieted  industrial  connections 46 

Miles  of  telegraph  and  telephone  conduit 3.8 

utiles  of  electric  light  conduit 3.2 

Excavation  for  changes  in  street  grades,  in  cubic  yards 139  620 

Total  length  of  sewers,  in  feet 17  835 

Street  driveway  paving,  all  kinds,  in  square  yards 73  192 

Street  sidewalk  paving,  all  kinds,  in  square  yards 31  120 

Plans  prepared  by  Railway  and  approved  by  City 347 

Plans  prepared  by  City  and  ajiproved  by  Railway 50 

Total  number  of  plans  prepared  by  Railway  Company 3  200 

Principal  Cuxstruction  Dates. 

July  6th,  1907.     Work  begun  on  Engineer's  office,  Huntingdon 

Street. 
October  2d,  1907.     Work  begun  on  temporary  freight  yard,  Nine- 

teenth and  Indiana. 
August  ,  1907.     Work  begun  on  sewer  contracts. 

Between  Berks  and  Broad  Streets. 

November  ,  1907.     Work  begun  on  temporary  tracks,  low  level. 

January      15th,  1908.     Work  begun  on  retaining  walls,  etc.,  east  side. 
January      30th,  1909.     Two   temporary   tracks    in   service,   high   level, 

east  side. 
November  27th,  1909.     Two   permanent   tracks   in   service,  high   level, 

west  side. 
January        4th,  1911.     Schedule  trains  on  all  four  tracks. 
Between  Seventeenth  and  Indiana  and  Richmond  Branch. 
October         4th,  1909.    Work  begun  on  walls,  west  side. 
October        22d,  1910.    Two   temporary   tracks    in   service,    west    side, 

high  level. 
June  4th,  1911.    Full  schedule  travel  over  whole  section. 

Between  Green  and  BerJcs  Streets. 

June  2d,  1909.    Work  begun  on  foundations  for  viaduct. 

January         1st,  1911.     Two  tracks  in  service  on  east  side,  high  level, 

on  viaduct  and  trestle.     All  grade  crossings 

gone. 
December    17th,  1911.    Full  schedule  travel  on  all  tracks. 
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Acknowledgment. 

The  ordinance  authorizing  the  work  provided  that  it  be  carried  out 
by  the  Chief  Engineer  of  the  Philadelphia  and  Reading  Railway  Com- 
pany and  the  Director  of  the  Department  of  Public  Works  of  the  City 
of  Philadelphia.  The  original  plans  were  signed  on  March  28th,  1907, 
by  William  Hunter,  M.  Am.  Soc.  C.  E.,  as  Chief  Engineer  of  the 
Railway  Company,  and  Mr.  John  R.  Hathaway,  as  Director  of  the 
Department  of  Public  Works;  also  by  Theodore  Voorhees,  M.  Am. 
Soc.  C.  E.,  Vice-President  of  the  Railway  Company,  and  George  S. 
Webster,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Bureau  of  Surveys,  City 
of  Philadelphia.  Since  that  time  the  same  officials  of  the  Railway 
Company  have  continued  in  office,  while  the  Directors  serving  the 
City  have  been  George  R.  Stearns,  Harry  A.  Mackey,  and  Morris  L. 
Cooke.  Mr.  George  E.  Baer  has  been  President  of  the  Railway  Com- 
pany, and  the  Mayors  of  the  City  have  been,  the  Hon.  John  Weaver, 
the  Hon.  John  E.  Reyburn,  and  the  Hon.  Rudolph  Blankenburg. 

The  engineering  work,  in  the  preparation  of  the  plans  and  specifi- 
cations, as  well  as  the  work  of  construction,  was  carried  out  by  the 
Railway  Company  under  the  direction  of  William  Hunter,  M.  Am. 
Soc.  C.  E.,  as  Chief  Engineer,  with  the  writer  and  Messrs.  E.  Chamber- 
lain and  Charles  H.  Hitchcock  as  Assistant  Engineers ;  and  by  the 
City  under  the  direction  of  George  S.  Webster,  M.  Am.  Soc.  C.  E., 
as  Chief  Engineer,  Bureau  of  Surveys,  by  Mr.  James  W.  Phillips  as 
Assistant  Engineer  in  charge,  and  Assistant  Engineers  D.  Jones  Lucas, 
M.  Am.  Soc.  C.  E.,  Silas  G.  Griffith,  H.  T.  Shelley,  Arthur  G.  Singer, 
and  Charles  H.  Stevens. 

During  the  entire  time,  all  bridge  plans  were  passed  upoii  by  W.  B. 
Riegner,  M.  Am.  Soc.  C.  E.,  Engineer  of  Bridges,  Philadelphia  and 
Reading  Railway,  and  George  E.  Datesman,  M.  Am.  Soc.  C.  E.,  was 
Principal  Assistant  Engineer,  Bureau  of  Surveys. 

The  Operating  Department  of  the  Railway  Company  rendered  most 
valuable  assistance  throughout  the  entire  work.  Mr.  Agnew  T.  Dice, 
General  Manager,  and  the  following  officers  of  the  Philadelphia  Divi- 
sion, J.  B.  Warrington,  Superintendent;  H.  C.  Smith,  M.  Am.  Soc. 
C.  E.,  Division  Engineer;  Geo.  W.  Snook,  Supervisor;  and  J.  E. 
Peters  and  H.  Mansfield,  Trainmasters. 

To  Mr.  A.  H.  Yocum,  Signal  Engineer,  and  to  Mr.  David  S.  Gendell, 
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Engineer  of  Erection,  ^IcClintic-^larshall  Construction  Company,  the 
writer  desires  to  express  his  appreciation  for  assistance  in  the  prepara- 
tion of  details  of  this  paper. 

To  all  these  gentlemen,  the  writer  begs  to  acknowledge  kind  as- 
sistance, advice,  and  courtesy  rendered  at  all  times,  and  to  his  superior 
officers  for  permission  to  present  the  data  contained  in  this  paper. 
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TESTS  OF  CREOSOTED  TIMBER.* 


By  W.  B.  Grkgorv.  M.  Am.  Soc.  C.  E. 


In  a  previous  paper,t  under  the  same  title,  the  writer  reported  the 
tests  of  fourteen  beams,  which  were  taken  from  a  trestle  of  a  railroad 
near  New  Orleans,  and,  at  the  time  of  the  tests,  had  been  in  use  for 
26  years.  The  specifications  for  treating  this  timber  with  creosote 
were  given  in  the  former  paper,  and  need  not  be  repeated  here. 

Recently,  other  beams,  having  been  in  use  more  than  29  years,  were 
removed  from  the  trestle  and  tested  to  destruction.  The  material 
was  similar  to  that  tested  previously,  and  consisted  of  southern  pine 
stringers  having  a  cross-section  approximately  6  by  16  in.  and  a  length 
of  30  ft.  For  the  purpose  of  testing,  each  beam  was  cut  into  two  parts, 
each  about  15  ft.  long.  It  is  the  purpose  of  this  paper  to  report  the 
recent  tests. 

Method  of  Testing. 

The  tests  were  made  exactly  as  in  the  former  case,  using  a  Riehle 
100  000-lb.  machine,  in  the  Experimental  Engineering  Laboratory  of 
Tulane  University  of  Louisiana.  In  order  to  make  this  discussion 
complete,  the  methods  as  stated  in  the  former  paper  are  repeated  here: 

"The  machine  is  provided  with  a  cast-iron  beam  for  cross-bending 
tests.  Tlie  distance  between  supports  was  12  ft.  The  method  of  sup- 
port was  as  follows:  Each  end  of  the  beam  was  provided  with  a  steel 
roller  which  rested  on  the  cast-iron  beam  of  the  testing  machine, 
while  above  the  roller,  and.  directly  under  the  beam  tested,  there  was 
a  steel  plate  6  by  8  in.  in  area  and  1  in.  thick.     The  area  was  suf- 

*  This  puper  will  not  be  presented  at  any  meeting,  but  written  communications  on  the 
subject  are  invited  for  publication  with  it  in  Transactions. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXX,  p.  37. 
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ficiently  great  to  distribute  the  load  and  prevent  the  shearing  of  the 
fibers  of  the  wood.  The  head  of  the  Riehle  machine  is  10  in.  wide. 
A  plate,  I  in.  thick,  6  in.  wide  and  18  in.  long,  was  placed  between 
the  head  of  the  machine  and  the  beam  tested. 

'•The  deflection  was  measured  on  both  sides  of  each  beam  by  using 
silk  threads  stretched  on  each  side  from  nails  driven  about  2  in.  above 
the  bottom  of  the  beam  and  directly  over  the  rollers  which  formed  the 
supports.  From  a  small  piece  of  wood,  tacked  to  the'  bottom  of  the 
beam  at  its  center  and  projecting  at  the  sides,  the'  distance  to  these 
threads  was  measured.  These  measurements  were  taken  to  the  nearest 
hundredth  of  an  inch.  The  mean  of  the  deflections  was  taken  as  the  true 
deflection  for  any  load. 

"In  computing  the  various  quantities  shown  in  Table  1,  the  sum- 
mary of  results,  the  load  has  been  assumed  ,as  concentrated  at  the 
center  of  the  beajn.  While  it  is  true  that  the  load  was  spread  over  a 
length  of  about  12  in.,  due  to  the  width  of  the  head  of  the  machine 
and  the  plate  between  it  and  the  beam  tested,  it  is  also  true  that  there 
were  irregularities,  such  as  bolt-holes  and,  in  some  cases,  abrasions  due 
to  wear,  that  could  not  well  be  taken  into  account.  Hence,  it  was 
deemed  sufficiently  accurate  to  consider  the  load  as  concentrated.  Be- 
sides the  horizontal  bolt-holes,  shown  in  the  photographs,  there  we're 
vertical  bolt-holes,  at  intervals  in  all  the  beams.  The  latter  were  I  in', 
in  diameter,  and  in  every  case  they  were  sufficiently  removed  from  the 
center  of  the  length  of  the  beam  to  allow  the  maximum  moment  at 
the  reduced  section  to  be  relatively  less  than  that  at  the  center  of  the 
beam.  For  this  reason,  no  correction  was  made  for  these  holes.  The 
broken  beams  often  showed  that  rupture  started  at,  or  was  influenced 
by,  some  of  the  holes,  especially  the  horizontal  ones." 

In  the  previous  paper  the  writer  made  some  comparisons  of  results 
with  those  of  large  timbers  tested  elsewhere.     The  conclusion  was: 

"The  number  of  tests  was  not  sufficient  to  settle  questions  of 
average  strength  or  other  qualities.  It  will  be  seen,  however,  that  the 
treated  timber  26  years  old  compares  favorably  with  the  new  untreated 
timber." 

Although  the  tests  now  reported  give  average  results  slightly  lower 
than  those  in  the  former  paper,  the  maximum  breaking  load  occurred 
in  the  recent  tests,  and  the  minimum  of  all  breaking  loads  was  found 
in  the  first  set  of  tests.  In  view  of  these  facts,  it  appears  that  the 
conclusions  apply  to  the  later  tests  of  this  material,  which,  as  stated 
previously,  has  been  in  use  more  than  29  j^ears. 

The  writer  is  indebted  to  his  colleague,  Professor  J.  M.  Robert,  of 
Tulane  University,  for  valuable  assistance  in  this  work. 
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TABLE   1. — Load  and  Deflection  Log;   Beam   I.     Loblolly, 
5  Rings  per  Inch. 
Beam  I.  Beam  1-A. 

Date:  November  Stli,  1912.  Date:  iSTovember  6th,  1912. 

Z  =  12  ft.;  h  (mean)  =  6.03  in.;         I  =  12  ft.;  h  (mean)  =  6.22  in.; 

h  (mean)  =  15.89  in.;  h  (mean)  =  16.00  in.; 

c  =  7.945  in.     Time  =   c  =  8.00  in.     Time  =  32  min. 


P 

Dkflbction,  in  Inches. 

P 

Deflection,  in  Inches. 

No. 

03  d  S 

g 
5 

a 
'•v 

7s  o 

0.2 

S  0  S 

a 
'■B 

tab 

a 

a 

—  o 

1? 

1.1 

o—  s 

a 

2  ® 

03 

5  S 

fl  <v 

o—  s 

03 

r8  ® 

03 

5  S 

a  S 

J     g 

® 

He 

0) 

f-c 

03!O 

hi    s 

0) 

^C 

<U 

^c 

?« 

p. 

Pi 

<B 

pi 

» 

D  (V 

ft 

Ph 

01 

P3 

(D 

^  » 

-o 

•o 

S'= 

"O 

-o 

St3 

1 

0 

1.08 

0 

1.12 

0 

0 

0 

1.15 

0 

1.20 

0 

0 

2 

2  000 

1.14 

0.06 

1.18 

0.06 

0.06 

2  000 

1.20 

0.05 

1.24 

0.04 

0.045 

3 

4  000 

1.18 

0.10 

1.22 

0.10 

0.10 

4  000 

1.24 

0.09 

1.28 

0.08 

0.085 

4 

6  000 

1.22 

0.14 

1.26 

0.14 

0.14 

6  000 

1.29 

0.14 

1..S3 

0.13 

0.135 

5 

8  000 

1.28 

0.20 

1.31 

0.19 

0.195 

8  000 

1.34 

0.19 

1.37 

0.17 

0.18 

6 

10  000 

1.32 

0.24 

1.36 

0.24 

0.24 

10  000 

1.39 

0.24 

1.42 

0.22 

0.23 

7 

12  000 

1.38 

0.30 

1.40 

0.28 

0.29 

12  000 

1.43 

0.28 

1.46 

0.26 

0.27 

8 

14  000 

1.42 

0.34 

1.46 

0.34 

0..34 

14  000 

1.47 

0.32 

1.51 

0.31 

0.315 

9 

16  000 

1.47 

0.39 

1.50 

0.38 

0.385 

16  000 

1.52 

0.37 

1.56 

0.36 

0.365 

10 

18  000 

1.52 

0.44 

1.54 

0.42 

0.43 

18  000 

1.58 

0.43 

1.61 

0.41 

0.42 

11 

20  000 

1.57 

0.49 

1.60 

0.48 

0.485 

20  000 

1.63 

0.48 

1.66 

0.46 

0.47 

13 

22  000 

1.64 

0.56 

1.66 

0.44 

0.55 

22  000 

1.68 

0.53 

1.71 

0.51 

0.52 

13 

24  000 

1.67 

0.59 

1.71 

0.59 

0.59 

24  000 

1.73 

0.58 

1.75 

0.55 

0.565 

14 

26  000 

1.71 

0.63 

1.74 

0.62 

0.625 

26  000 

1.80 

0.65 

1.83 

0.63 

0.64 

15 

28  000 

1.78 

0.70 

1.82 

0.70 

0.70 

28  000 

1.86 

0.71 

1.90 

0.70 

0.705 

16 

30  000 

1.84 

0.76 

1.88 

0.76 

0.76 

29  800 

Broke. 

17 

32  000 

1.93 

0.85 

1.96 

0.84 

0.845 

18 

34  000 

1.95 

0.87 

2.20 

1.08 

0.975 

19 

34  350 

Break. 

20 

36  000 

2.19 

2.46 

21 

38  000 

2.34 

2.62 

22 

38  450  -{ 

Maximum 
load. 

32 

000  lb.,  First  Crack  ;  2 

8450  lb.,Fai 

led. 

lb., 

First  Crack 

;  29  8 

M  lb..  Failed. 

At  El 

astic  Limit :  Load.  20  ( 

)00  lb.;  defle 

ction. 

At  Elasti 

c  Limit :  Lo 

ad,  24 

0001b.;deflec- 

O.t 

)25in.:  S,  3  680  lb. 

tion,  ( 

).565  in.;  5,3 

252  lb 

Maxir 

num  :   Load,  38  450  lb. 

;  deflection, 

Maximur 

n  :  Load,    2t 

800  11 

).;  deflection, 

s. 

5  450  lb. 

i7  =  1  283  00 

01b. 

.S',  4  038  lb. 
i:  =  1  243 

000  lb 
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TABLE  2. — Load  and  Deflection  Log;  Beam  IL    Long  Leaf, 
11  EiNGs  PER  Inch. 


Beam  IL 

Date:  Xoveniber  15th,  1912. 

I  =  12  ft.;  b  (mean)  =  6.08  in.; 

h  (mean)  =  15.75  in.; 
c  =.  7.875   in.      Time.=    10.10- 

11.20  A.M. 


Beam  11-^. 
Date:  Xovember  13th,  1912. 
I  =  12  ft.;  h  (mean)  =  5.97  in.; 

h  (mean)  =  15.97  in.; 
c  —  7. 985  in.     Time  =  40  min. 


P 

Deflection,  in  Inches. 

P 

Deflection,  in  Inches. 

No. 

—    s 

a 

d 
_  o 

J? 

g 

■So 

2  d 
0.2 

a 
"5 

a 
—  o 

bii 

a 
'3 

a 

—  0 

ear 

O—  3 

cs 

o  a» 

(S 

£  « 

a  tD 

o-«  3 

cS 

P  S 

rt 

P  s 

a  © 

•J       g 

0) 

H« 

a 

EHqa 

Si« 

h1      o 

01 

He 

D 

Hic 

?^^ 

P. 

« 

0) 
•T3 

tf 

33 

-a 

S-3 

P. 

« 

« 

1 

0 

1.17 

0 

1.07 

0 

0 

0 

0.80 

0 

1.00 

0 

0 

2 

2000 

1.21 

0.04 

1.10 

0.03 

0.035 

2  000 

0.84 

0.04 

1.04 

0.04 

0.04 

8 

4  000 

1.26 

0.09 

1.14 

0.07 

0.08 

4  000 

0.88 

0.08 

1.08 

0.08 

0.08 

4 

6  000 

1.30 

0.13 

1.18 

0.11 

0.12 

0  000 

0.92 

0.12 

1.12 

0.12 

0.12 

.5 

8000 

1.34 

0.17 

1.21 

0.14 

0.155 

8  000 

0.96 

0.16 

1.18 

0.18 

0.17 

6 

10  000 

1.39 

0.23 

1.24 

0.17 

0.195 

10  000 

1.00 

0.20 

1.24 

0.24 

0.22 

7 

12  000 

1.42 

0.25 

1.29 

0.22 

0.235 

12  000 

1.04 

0.24 

1.38 

0.28 

0.26 

8 

14  000 

1.46 

0.39 

1.33 

0.26 

0.275 

14  000 

1.07 

0.27 

1.34 

0.34 

0.305 

9 

16  000 

1.50 

0.33 

1.37 

0.30 

0.315 

16  000 

1.12 

0.32 

1.38 

0.38 

0.35 

10 

18  000 

1.54 

0.37 

1.41 

0.34 

0.355 

18  000 

1.16 

0.36 

1.42 

0.42 

0.39 

11 

20  000 

1.58 

0.41 

1.44 

0.37 

0.390 

20  0C0 

1.18 

0.38 

1.46 

0.46 

0.42 

12 

22  000 

1.62 

0.45 

1.48 

0.41 

0.430 

32  0(iO 

1.22 

0.42 

1.52 

0..52 

0.47 

13 

24  000 

1.66 

0.49 

1.53 

0.46 

0.475 

24  000 

1.26 

0.46 

1..58 

0..58 

0.52 

14 

26  000 

1.70 

0.53 

1.58 

0.51 

0.520 

26  000 

1.30 

0.50 

1.02 

0.62 

0.56- 

15 

28  000 

1.74 

0.57 

1.61 

0.54 

0.555 

2«000 

1..34 

0.54 

1.60 

0.66 

0.60 

16 

30  000 

1.7S 

0.61 

1.66 

0.59 

0.600 

30  000 

1.38 

0.58 

1.72 

0.72 

0.65 

17 

32  000 

1.82 

0.05 

1.70 

0.63 

0.640 

32  000 

1.41 

0.61 

1.82 

0.82 

0.715 

18 

34  000 

1.87 

0.70 

1.73 

0.66 

0.680 

34  000 

1.46 

0.66 

1.86 

0.86 

0.76 

19 

86  000 

1.91 

0.74 

1.80 

0.73 

0.735 

36  000 

1.50 

0.70 

1.94 

0.94 

0.82 

20 

38  000 

1.96 

0.79 

1.H5 

0.78 

0.785 

38  OOO 

1.54 

0.74 

1.98 

0.98 

0.86 

21 

40  00(J 

2.00 

0.83 

1.90 

0.83 

0.830 

4O0O0 

1.58 

0.78 

2.06 

1.06 

0.92 

22 

42  000 

2.06 

0.89 

1.95 

0  88 

0.885 

42  000 

23 

44  000 

2.11 

0.94 

2.00 

0.93 

0.935 

24 

46  000 

2.17 

l.(X) 

3.06 

0.90 

0.995 

25 

48  000 

2.24 

l.(.>7 

3.13 

1.05 

1.060 

26 

.nOOOO 

2.34 

i.n 

3.30 

1.23 

1.200 

27 

.52  000 

2.44 

1.27 

2.43 

1.36 

1.315 

28 

.54  000 

29 

56  000 

47 

900  lb.,  Fi 

rst  Cr 

ick  ;  5 

5  060  1 

b.,  Kaile 

d.         1 

31  500  lb. 

First 

Crack 

;  42  00 

0  1b.,I 

^ailed. 

At  El 

astic  Limi 

t  :  Lo 

1(1,  34 

000  lb. 

;  deflec 

tion. 

At  Elast 

ic  Lira 

lit  :    L 

oad,  3 

orwo  1 

b.;   de- 

0. 

iSO  m.;  S. 

4  870  11 

3. 

Hecti 

on,  o.e 

50  in.; 

.S'.  4  2( 

30  lb. 

Maxii 

auni  :  Loa 

(J,  551 

160  lb. 

deflec 

;tion,  . . 

Maximui 

n  :  Lo 

ad.  42 

000  lb 

;    dett 

ection, 

s, 

7  890  lb. 

;  s,  5 

960  1b. 

Sbeai 

E=  1 
"ed  ale 

573  00 
ng  ne 

)lb. 
atral a 

xis. 

E-. 

=  1  418 

000  1b 
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TABLE  3. — Load  and  Deflection  Log;  Beam  III.     Loblolly. 


Beam  III. 

Date:  November  20th,  1912. 

I  =  12  ft.;  b  (mean)  =  5.86  in.; 

h  (mean)  =  15.50  in.; 
c  ==  7.75  in.     Time  =  30  min. 


,  Beam  III- J.. 
Date:  November  16th,  1912. 
Z  =  12  ft.;  b  (mean)  =  6.03  in. 

h  (mean)  =  15.55  in.; 
c  =  7.775  in.     Time  = 


P 

Deflection,  in  Inches. 

P 

Deflection,  in  Inches. 

No. 

cj  n  2 

a 
•-3 

a 

be 
a 
'5 

a 
_  o 

3o 

to 

-a    -a 
S5«  2 

'■V 

tab 

P 

"5 

d 

sB 

Si 

c.o 
o 

o-  5 

CS 

[£  ® 

c3 

p  s 

a  4> 

9""  2 

(A 

£aj 

OS 

£  * 

av 

i-J     2 

0) 

f^qa 

« 

H« 

CSC 

iJ     2 

4) 

^C 

V 

f^na 

S  0) 

D. 

X 

(U 

Pi 

® 

®  <v 

P^ 

f5 

<o 

Oh 

Oi 

r3 

-d 

g"^ 

■o 

T3 

s-« 

1 

0 

1.24 

0 

1.19 

0 

0 

0 

0.96 

0 

0.97 

0 

0 

2 

2  000 

1.29 

0.05 

1.24 

0.05 

0.05 

300 

1.01 

0.05 

1.03 

0.06 

0.055 

3 

4  000 

1.33 

0.09 

1..S0 

0.11 

0.10 

4  000 

1.07 

0.11 

1.08 

0.11 

0.11 

4 

6  000 

1.38 

0.14 

1.34 

0.15 

0.145 

6  000 

1.12 

0.16 

1.14 

0.17 

0.165 

5 

8  000 

1.48 

0.19 

1.41 

0.22 

0.205 

8  000 

1.18 

0.22 

1.20 

0.23 

0.225 

6 

10  000 

1.49 

0.25 

1.48 

0.29 

0.270 

10000 

1.24 

0.28 

1.26 

0.29 

0.285 

7 

12  000 

1.58 

0.34 

1.53 

0.34 

0.340 

12  000 

1.29 

0.33 

1.32 

0.35 

0.34 

8 

14000 

1.59 

0.35 

1.60 

0.41 

0.380 

14  000 

1.36 

0.40 

1.38 

0.41 

0.405 

9 

16  000 

1.65 

0.41 

1.65 

U.46 

0.435 

16  000 

1.42 

0.46 

1.44 

0.47 

0.465 

10 

18  000 

1.71 

0.47 

1.7U 

0.51 

0.490 

18  000 

1.48 

0.52 

1.50 

0.53 

0.525 

11 

20  000 

1.77 

0,53 

1.78 

0.59 

0.560 

20  000 

1.54 

0.58 

1.56 

0.59 

0..585 

12 

22  000 

1.83 

0.59 

1.83 

0.64 

0.615 

23  000 

1.60 

0.64 

1.62 

0.65 

0.645 

13 

24  000 

1.89 

0.65 

1.90 

0.71 

0.680 

23  600 

Broke. 

21  500  lb.,  First  Crack  ;  35  700  1 

b.,  Fai 

led. 

22  000  lb.,  First  Crack 

;  22  60 

0  lb..  E 

'ailed. 

At  Elastic  Limit :  Load,  22  000  lb. 

;  defle 

ction. 

At  Elastic  Limit :  Lo£ 

Id,  22  C 

00  1b.; 

deflec- 

0.615  in.;  S,  3  380  1b. 

tion,  0.645  in.;  .S',  3 

360  lb. 

Maximum  :  Load,  25  700  lb. ;  detiee 

tioD.. 

; 

Maximum  :   Load,   32 

600    11 

).;  defl 

ection. 

S,  3  945  lb. 

;  ."?,  3  350  lb. 

S  =  1  224  000  lb. 

E  =  1  124 

0001b. 

Broke  at  a  point   18  in.  from  cen 

ter;  b 

Dttom 

fibers  failed  in  tension  at  bolt- 

liole% 

in.  in 

diameter  ;  axis  of  hole  vertical. 
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I 


Xoad,  in  Thousands  of  Pounds 
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\ 

o 

N 
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\\ 
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^/ 
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\ 

0:1 
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^^ 
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s\ 
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H 
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\ 

^ 
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\ 

\ 

0 

^ 

\, 

0 

k 

JO 

0 

^y 

\ 

%. 

\ 

"V-v 

u 

N 

V 

% 

0 

\ 

) 

^ 

V 

\ 

0 

\ 

K'^r 

\ 

\ 

> 

0 

^ 

\' 

'h 

s. 

CO 

0 

N 

^, 

n 

N 

\ 

0 

\ 

£; 

N 

k^ 

in 

0 

S- 

N 

k, 

- 

\ 

c 

N 

35 

-t 

■^^ 

N 

0 

b 

^ 

"V- 

<. 

0 

N 

1 

0 

\ 

0 

■    i    '  \ 

b 
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TABLE  4. — Load  and  Deflection  Log;  Beam  IV.    Long  Leaf. 

Beam  IV.  Beam  IV-^. 

Date:  November  '27th,  1912.  Date:  November  22d,  1912.    • 

I  =  12  ft.;  b  (mean)  =  6.46  in.;  ?  =  12  ft.;  b  (mean)  =  6.50  in.; 

ii  (mean)  =  15.71  in.;  h  (mean)  =  16.12  in.; 

c  =  7.855  in.     Time  =  1  hour  c  =  8.06  in.     Time  —  35  min. 
15  min. 


P 

Deflection,  in  Inch 

GS. 

P 

Deflection,  in  Inches. 

No. 

las 

d 
3-2 

tub 

a 

a 
—  0 

^  0 

■3  a 

•0    -a 
S^  9 

si 

a 
-5 

a 
_  0 

■1-  0 

bi) 

a 

'5 

a' 
_  0 

1? 

0 

0—3 

cS 

2  * 

P  a) 

a  a, 

0—  a 

cS 

0  0) 

C8 

£  ® 

a  <a 

-5     2 

® 

f^« 

0) 

Hqa 

o^tCl 

^    S 

<D 

H!C 

^ 

Hija 

c3q3 

a 

P3 

« 

13 

Q< 

« 

■a 

M 

1 

0 

1.16 

0 

1.24 

0 

0 

0 

1.08 

0 

1.21 

0 

0 

2 

2  000 

1.23 

0.07 

1.30 

0.06 

0.065 

2  000 

1.13 

0.05 

1.26 

0.05 

0.05 

3 

4  000 

1.28 

0.12 

1.34 

0.10 

0.110 

4  000 

1.17 

0.09 

1.31 

0.10 

0.095 

4 

6  000 

1.36 

0.20 

1.41 

0.17 

0.185 

6000 

1.22 

0.14 

1.36 

0.15 

0.145 

5 

8  0(10 

1.41 

0.25 

1.49 

0.25 

0.250 

8  000 

1.27 

0.19 

1.41 

0.20 

0.195 

6 

10  000 

1.47 

0.31 

1.54 

0.30 

0.305 

10  000 

1.33 

0.25 

1.46 

0.25 

0.25 

7 

12  fiOO 

1.52 

0.36 

1.62 

0.38 

0.370 

12  00U 

1.37 

0.29 

1.51 

0.30 

0.295 

8 

14  000 

1.59 

0.43 

1.68 

0.44 

0.435 

14  000 

1.48 

0.34 

1.56 

0.35 

0.345 

9 

16  000 

1.65 

0.49 

1.74 

0.50 

0.495 

16  000 

1.47 

0.39 

l.fil 

0.40 

0.395 

10 

18  000 

1.73 

0.57 

1.80 

0.56 

0.505 

18  000 

1.52 

0.44 

1.67 

0.46 

0.45 

11 

20  000 

1.78 

0.62 

1.88 

0.64 

0.630 

20  000 

1.57 

0.49 

1.72 

0.51 

0.50 

12 

22  000 

1.85 

0.69 

1.94 

0.7(1 

0.695 

22  000 

1.62 

0.54 

1.78 

0.57 

0.555 

13 

24  000 

1.92 

0.76 

2.02 

0.78 

0.770 

24  000 

1.67 

0.59 

1.82 

0.61 

0.60 

14 
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TABLE  5. — Load  and  Deflection  Log;  Beam  V.    Loblolly. 

IJeam  Y.  Beam  Y-A. 

Date:  November  29th,  1912.  Date:  December  0th,  1912. 

I  =  12  ft.;  b  (mean)  =  6.09  in.;        I  =  12  ft.;  h  (mean)  =  6.25  in.; 

h  (mean)  =  15.93  in.;  h  (mean)  =  15.94  in.; 

c  =  7.965  in.     Time  = c  =  7.97  in.     Time  =  33  min. 
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TABLE  6. — Summary  of  Tests. 
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Many  of  the  richest  sections  of  California  are  valleys  and  plains 
at  the  foot  of  abrupt  mountain  ranges.  The  climate  is  suitable  for 
raising  citrus  and  semi-tropical  fruits,  but,  due  to  the  long  summer 
droughts,  this  can  only  be  done  where  there  is  sufficient  water  for 
irrigation.  The  value  of  the  products  has  been  great,  and,  beginning 
with  the  small  irrigation  ditches  of  the  Spanish  days,  the  most  per- 
fect systems  of  irrigation  in  the  United  States  have  been  built  up. 

The  source  of  all  the  water  used  in  these  sections  is  in  the  streams 
coming  from  the  neighboring  mountain  ranges.  It  is  secured  by 
direct  diversion,  by  storage  in  surface  reservoirs,  or  by  pumping  from 
the  underground  gravel  beds  fed  by  these  streams.  A  large  part  of 
the  total  run-off  of  the  streams  comes  during  a  short  rainy  season,  or, 
in  the  case  of  those  heading  in  the  highest  ranges,  with  the  first  hot 
weather  of  the  summer.  Rainfall  records  for  34  years  in  Los  Angeles 
show  that  an  average  of  75%  fell  during  December,  Januarj^  Febru- 
ary, and  March,  and  the  run-oflf  of  Southern  California  streams  shows 
a  corresponding  percentage.    In  the  case  of  some  of  the  streams  head- 
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ing  in  the  snow  fields  of  the  Sierra  Nevadas,  from  12  to  15%  of  the 
total  run-off  comes  during  a  10-day  period  in  June  or  July.  In 
the  middle  and  late  simimer  months,  when  irrigation  is  needed  most, 
the  streams  have  reached  their  low-water  flow.  For  this  reason  many 
large  storage  reservoirs  have  been  built,  and  large  areas  are  irrigated 
by  pumping  from  underground  basins. 

As  a  rule,  the  area  of  land  which  can  be  placed  under  cultivation 
is  measured  by  the  quantity  of  water  available,  and  great  expense 
is  warranted  in  increasing  the  supply.  In  many  places  there  are 
no  practical  reservoir  sites  directly  on  the  streams,  and  in  others  the 
available  reservoir  capacity  is  only  a  small  part  of  the  total  run-oS. 
Even  where  conditions  are  most  favorable  for  storage,  there  are  many 
seasons  when  it  is  insufficient  for  the  total  flood  run-off.  Irrigation 
has  now  reached  a  point  where  all  the  flow  available  for  direct  diver- 
sion is  in  use,  and,  particularly  in  Southern  California,  reservoirs 
have  been  constructed  on  all  available  sites  on  the  streams.  In  many 
places  the  pumping  draft  from  underground  basins  is  as  great  as  the 
inflow,  or  greater.  The  percentage  of  the  total  run-off  which  can  be 
put  to  beneficial  use  can  be  increased  only  by  diverting  the  flood  flow 
to  reservoirs  outside  of  the  natural  drainage,  or  by  increasing  the  flow 
into  the  underground  basins. 

The  question  of  the  quantity  of  water  available  for  storage  in  this 
way  is  becoming  very  important  wherever  the  water  supply  for  irriga- 
tion is  extensively  developed.  The  principal  problem  is  the  diversion 
of  a  large  flow  from  the  flood-water  for  a  short  time  and  its  storage 
for  a  smaller  flow  during  the  entire  irrigation  season.  This  is  now 
being  done  in  a  number  of  the  late  projects  in  various  parts  of  the 
West.  The  object  of  the  investigation  described  in  this  paper  was  to 
get  some  idea  as  to  the  quantity  of  water  now  being  wasted,  but  still 
available  for  storage  in  this  way.  The  San  Gabriel  Eiver,  with  unusu- 
ally good  records  of  run-off,  was  taken  as  a  typical  case. 

This  river  drains  a  large  portion  of  the  southern  slope  of  the  San 
Gabriel  Kange,  and  is  one  of  the  three  principal  streams  of  Southern 
California.  The  mountain  area  above  the  gauging  station  contains 
222  sq.  miles,  and  is  somewhat  rectangular,  as  shown  on  the  map. 
Fig.  1.  The  elevations  range  from  1  000  ft.  at  the  gauging  station 
to  10  080  ft.  at  San  Antonio  Peak,  with  an  average  of  about  4  000  ft. 
To  an  elevation  of  about  5  000  ft.,  the  ground  is  covered  with  a  dense 
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growth  of  brush ;  above  that  level  there  is  more  or  less  timber.  The 
geological  formation  is  granite,  with  a  thin  soil  covering.  Precipita- 
tion is  in  the  form  of  rain,  except  on  the  higher  peaks.  Though  there 
are  no  rainfall  records  from  any  station  inside  the  mountain  drainage 
area,  practically  all  the  precipitation  comes  from  the  general  storms 
shown  on  the  records  for  the  neighboring  valley  stations,  the  quantity 
increasing  with  the  elevation.  Below  the  gauging  station,  which  is  at 
the  foot  of  the  mountains,  the  river  flows  across  the  San  Gabriel  Valley, 
in  a  wide  gravel  wash,  through  a  break  in  the  foot-hills  at  the  Narrows, 
and  across  the  Coastal  Plain  to  the  Pacific  Ocean,  a  distance  of  about 
35  miles. 

The  gauging  station  was  established  by  the  United  States  Geological 
Survey  in  1896,  and  the  records  obtained  since  1898  are  said  to  be 
very  satisfactory.  The  records  of  the  flow  from  1896  to  1902  are 
published  in  the  form  of  monthly  averages,  and  are  shown  in  Fig.  2. 
Since  1902  the  daily  flow  is  published  in  the  annual  Water  Supply 
Papers  giving  the  surface  supply  of  the  United  States.  The  station 
is  well  above  all  tributaries  of  the  river  and  below  the  diversion 
of  the  power  and  irrigation  canals.  A  careful  record  of  the  flow 
in  the  canals  is  kept,  and  is  given  in  separate  tables,  but  it  is  combined 
with  the  flow  at  the  gauging  station  in  the  diagrams  showing  the 
daily  flow  of  the  river  from  1902  to  1910.     (Figs.  3  to  10.) 

Years  of  experience  have  shown  that,  for  irrigation  and  power 
purposes,  80  sec-ft.  is  the  greatest  flow  that  can  be  counted  on  for 
any  considerable  length  of  time,  and,  as  a  result,  this  has  been  the 
capacity  of  the  diversion  canals.  Except  during  the  rainy  season,  this 
diversion  capacity  is  as  great  as  the  total  flow  of  the  stream,  or 
greater.  Fig.  11  shows  the  number  of  days,  during  each  of  the  eight 
years,  in  which  the  flow  exceeded  80  sec-ft.,  and  the  duration  of  the 
varying  flows  up  to  1  000  sec-ft.  The  average  for  those  years  for 
which  the  flow  was  moi-e  than  80  sec-ft.  is  148,  and  that  in  which 
it  was  more  than  1 000  sec-ft.  is  ISA  days.  The  individual  years 
differ  greatly  from  this  average. 

No  place  has  ever  been  found  on  the  drainage  area  where  storage 
could  be  obtained,  and  all  the  flow  in  excess  of  80  sec-ft.  runs  down 
the  gravel  wash  in  the  San  Gabriel  Valley.  Here  a  certain  quantity 
passes  into  the  underground  storage  in  the  gravel  beds,  and  supplies 
the  numerous  jnunping  plants  scattered  over  the  surface  of  the  under- 
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RainfollM  Upland  0.42   " 


Oct. 

0.13  in. 


Total  Discharge       29  650  Acre-f  t. 
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Total  depth  of  Run-off 2.49  ■' 

Depth  of  Run-off  used  by  Canals    2.08  " 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

0.13  in. 

0.23  in. 

0.58  in. 

0.46  in. 

0.34  in. 

0.12  In. 

0.07  in 

0.39  " 

4.26  •' 

G.1S  " 

1.77  " 

0.30  •' 

0    " 

Tr. 
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DAILY  FLOW 

SAN  GABRIEL  RIVER 

19O«-05 


Total  Discharge  169 128  Acre-f t 
0  to  SOiSec-ft.flow  36750      "      " 


Rainfall  at  Upland 25.65  i 

Total  dfPth  of  Run-off 13.44  • 

Depth  of  Run-off  used  by  Canale     3.11  ' 


Sept.       Oct.  Nov. 

I)»rUi  of  Run.»itr  0.>"3  In.    O.OO  In.      0.07  In. 
Kaiufall  at  Upland    0   ••      0.96  "  0  " 


Dec. 

1      Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

o.ns  In. 

0.19  In 

2.19  In. 

C.34  in 

1.65  In. 

1.44  in. 

n.7n  in. 

ij.4.-i  In 

1.09  " 

4.30  •• 

T.92  •■ 

0.87  " 

0.88  " 

3.54  •■ 

0    " 

0  ■' 

Fig.  5. 


DAILY  FLOW 
San  GABRIEL  RIVER 
1905-06 


r^*—^  I     -* 


Total  Discharge  234  776  Acre-f  t. 
OtoSOSec-ft.flowMOSO    "      " 


Rainfall  at  Upland  _. 30.34  in. 

Total  depth  of  Run-off IS.Sl  " 

Depth  of  Run-off  used  by  Canals    3.73   " 


V— r* 


Sept.         Oct.         Nov.         Dec.  t     Jan.         Feb.        Mar.  Apr.        May  June         July  Aus. 

D«Ii«b  of  Run-off  0.10  In.      0.15  In.      0.22  In.      0.21  In.     0.36  in.      0.32  In.  11.22  in.  2.90  In.  1.78  In.  1.32  In.  0.80  In.  0.38  In. 

BalnWl  at  Upland  O.i;  •'        0.OS '■       5M  "      0.90"      3.88"        3.00"  14.03"  2.42"  2.06"  0.80"  0.11"  0    •' 

Fig.  6. 
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DAILY  FLOW 

SAN  GABRIEL  RIVER 

1906-07 


Sept. 
Depth  of  Run-off  0.24  In. 
Rainfall  at  Upland  Tr. 


Oct. 
0.21  in. 


Total  Discnarge  349  540  Acre-f t. 
OtoSOSec-ft.flow  49  950     "      " 


Rainfall  at  Upland .31.56  i 

Total  depth  of  Run-olT  . 29.  B8  ' 

Depth  of  Run-off  used  by  Canala  4.23  ' 


r: 


Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

0.98  In. 

4.92  in 

3.98  In. 

9.76  in. 

4.93  in. 

1.82  111 

1.27  in. 

0.71  in. 

0.4C  in. 

9.10  ■' 

6.71  '• 

3.19  " 

7.32   " 

0.53  " 

o.is,'- 

0.84  " 

4   " 

Q-  ■» 

2000  Sec-ft. 

DAILY  FLOW 
SAN  GABRIEL  RIVER 

2000  Sec-ft. 

Total  Discharge       83200  Acre-f t. 
OtoSOSec-ft.flow   47550      "     •• 

1907-08 
1000  Sec-ft. 

Total  depth  of  Run-off 6.69  •  • 

Depth  of  Run-off  used  by  Canals  4.03  " 

1000  Sec-ft. 

BOO  Sec-ft. 

500  Sec-ft. 

280  Sec-ft. 

n                                                                                           280  Sec-ft. 

80  Sec-ft. 

1 

J^ 

^^'"''^^''^^^                                      80  Sec-ft. 

- — r---]—r- r-^ 

""T \ 

Sept.  Oct.         Nov.  Dec. 

Depth  "f  Run-off  0.30  In.      0.35  In.      0.32  in.      0.30  in. 
■Rainfall  at  Upland    0  '•       8.14  •'        0.22  "        1.11  " 


Jan.  Feb. 

0.94  In.      1.26  in 
7.15  "       4.34  " 

Fig.  8. 


Mar.  Apr.  May  June  July  Aug. 
1.07  in.  0.78  in.  0.61  in.  0.36  in.  0.22  in.  0.19  in 
1.40  ■•        1.32  ••       0.60  "  0    "  Tr.  0     " 
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2     3. 
!! 


DAILY   FLOW 

SAN  GABRIEL  RIVER 

1908-09 


Total  Discharge     1798C0  Acre-ft. 
0  to  80  Sec-ft.  flow   43720     "      " 


Sept.         Oct.         Nov.         Dec.    I     Jan.         Feb.         Mar.         Apr.  May 

Depth  of  Kui,.off  11.15  In.      0.17  In.       0.17  In.      a24  In.     2.14  in.      S.W  In.      2.22  in.      2,30  !n.      1.29  In. 


RalnfkU  u  Uplud  1.86  "       1.03 


11.08  ■•       7.04  •'        S.K 

Fig.  9. 


July        Autc. 

0.43  in.      0.26  in. 

0.05  "       0.02  •' 


2000  Scc-ft. 

i 

2000  Sec. ft. 

DAILY  FLOW 

SAN  GABRIEL  RIVER         j 

Total  Discharge   U0040Acre-ft. 

1909-10 

0  to  80  Sec-ft.  flow  43  730    ■  •     " 

1000  Sec-ft. 

1000  .Sec-ft. 

G00S«c-ft. 

\^                                                                                                      600  Sec-ft. 

28aSec-fl. 

^^                                                                                                280  Sec-ft. 

SO  Sec-ft. 
: T— V 

OK 

1          "^              ■ — v^                                             80  Sec-ft. 

Sept.         Oct.         Nov.         Dec.    I     Jan.  Feb.         Mar.        Apr.  May         June         July         Aug. 

D«ptn  of  Run-off  11.20  in        iLlOln.      0.24  in.      1.70  in.      5.87  In.       0.1)7  in.      O.Sl  In.      l].701n.       0.43  in.      O.SOin.       0.21  in.       0.14  in. 
K«iDf.ll  .t  lpi«n)  0    "         0..«  "        8.33"      11.41  •'      2.83"        0.6«  "        2.36"      0.20"  0    "  0    "  0    "  0    " 


Fig.  10. 
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Flow,  in  Second-feet' 


a  P 
1  o 


1000 
900 
800[ 
700 
600 
500- 
400- 
300- 
200- 
100- 
n. 

/ 

^— 

— 

E06X 

806X 

-^ 

/ 

/ 

/ 

m« 

,_-^ 

{ 

1 

-p 

. — 

JOBl, 

loeT 

_ 

— -^ 

f 

/ 

o 

/ 

j^ 

r 

y 

* 

4 

/ 

A 

t^ 

^ 
/ 

/ 

;z! 

/ 

90b  I 

— 

-i\ 

f 

t 

-^ 

1 

7 

^ 

/ 

-/- 

/ 

^ 

-^^^ 

y 



t/i 

\ 

1, 

p 

/ 

^ 

- 

- 

-^ 

/ 

/ 

Z 

z 
c 
s 

k/^j 

f 

/ 

*         m 

1    // 

/ 

I         Id 

>    s    s 

/ '-'' 

/ 

y 

/ 

-/ 

/ 

O          H          O 

1 

11 

j 

n          ^           > 

^  c   m  ni        < 

/ 

1  1 

/ 

/  / 

C    3,    X   -n 

/ 

/  / 

T    >    O    (-          n 

/ 

1 

URING  E 
1903-1 
OW  IN  T 
EEDED  8 
TION  OF 

TO   1000 

i 

» 

/ 

1 

1 

/ 

O    I   <o    > 

1 

m   >    <o   r^  o   V 
?  5  o^       o 

/ 

/ 

H  z   4j  z        -1 

r 

J 

•      "^    .-^   Q          H 

f 

r-         03         m 

1 

O            33            „ 

/ 

<          m          ;r 
a>         r-         (^ 

f" 

I 

' 

T  YE 
RIVE 

/ 

33           > 

33 

/ 

CO 

/ 

Papors.l  STOR.Uil':   OF    FLOOD-WATERS   FOIJ   IRICIGATIOX  965 

ground  basin.  The  remainder  i>^  now  waste  water  running?  into  the 
Pacific  Ocean. 

It  is  difficult  to  determine  the  (luantity  of  water  entering  the  under- 
ground storage,  as  no  exact  measurements  of  the  waste  flow  have  ever 
been  made.  The  princijial  factors  governing  it  are  the  character  of 
tlie  material  in  the  surface  of  the  wash,  the  area  covered  by  the  stream, 
the  velocity  of  the  flow,  the  temperature  of  the  water,  and  the  quantity 
of  suspended  matter.  All  these  factors  will  vary  with  the  individual 
character  of  the  different  periods  of  flood  flow.  The  late  W.  B.  Clapp, 
y[.  Am.  Soc.  C.  E.,  Hydrographer  of  the  U.  S.  Geological  Survey, 
made  some  measurements  along  this  line  in  1903,  but  did  not  consider 
them  at  all  satisfactory.  They  showed  a  maximum  absorption  of 
86  sec-ft.  on  May  23d,  1903,  in  the  main  river  channel  between  the 
gauging  station  and  the  Narrows,  where  miich  of  the  surplus  water 
of  the  underground  storage  of  the  San  Gabriel  Valley  is  forced  to 
the  surface.  As  pumping  is  used  extensively  in  the  valley,  the  greater 
part  of  the  natural  undergroimd  flow  is  now  being  put  to  use,  and  it 
must  be  taken  into  consideration  in  calculating  the  available  supply  for 
further  economic  use. 

In  the  case  of  flood-water  diverted  from  the  natural  channel  for 
surface  storage,  it  is  to  be  presumed  that  it  will  be  used  for  irriga- 
tion on  territory  tributary  to  the  underground  basin  fed  by  the  stream. 
All  return  water  would  flow  into  it  and  go  to  offset  any  losses  caused 
by  the  diversion.  The  quantity  of  this  return  water  is  not  determin- 
able, but  it  is  variously  estimated  at  from  10  to  50%  of  the  water  used. 
Again,  any  diversion,  even  up  to  the  maximum  economic  quantity, 
will  still  leave  times  when  there  is  water  flowing  in  the  natural 
channel,  and  will  simply  shorten  the  time  when  there  is  water  flow- 
ing in  that  channel.  For  these  reasons  it  is  not  considered  necessary  for 
any  such  diversion  to  pass  a  large  flow  in  order  to  maintain  the  exist- 
ing conditions  of  the  water  supply  of  the  underground  basin.  Where 
the  diversion  is  for  the  purpose  of  increasing  the  underground  storage, 
the  conditions  are  somewhat  different.  The  maximum  storage  pos- 
sible should  be  obtained  in  the  natural  channel,  and  a  considerable 
flow  should  be  passed  into  it  before  any  diversion  is  made. 

During  the  rainy  season  of  the  majority  of  years  there  are  one 
or  more  periods  of  a  few  days  in  which  the  flow  runs  into  the  thousands 
of  second-feet.     In  these  periods  the  flow  is  too  great  and  the  duration 


966  STORAGE   OF   FLOOD-WATERS   FOR   IRRIGATION  [Papers. 

too  short  to  warrant  handling  by  any  diversion.  That  part  of  the 
total  run-oif  of  the  San  Gabriel  River  which  is  available  for  further 
economic  use  by  storage,  either  surface  or  underground,  is  the  flow 
in  excess  of  80  sec-ft.  plus  a  reasonable  allowance  for  water  entering 
the  underground  basin,  but  not  including  the  extreme  floods. 

For  the  purpose  of  determining  this  flow,  there  are  available  the 
records  of  the  daily  flow  for  the  eight  years,  as  shown  on  the  hydro- 
graphs.  The  only  way  to  test  the  reliability  of  any  deductions  drawn 
from  these  records,  in  relation  to  long  periods  of  time,  is  by  a  com- 
parison with  the  rainfall  records  which  have  been  kept  for  a  much 
longer  time.  This  comparison  will  only  apply  to  general  conditions, 
for,  though  the  stream  run-off  is  dependent  directly  on  the  precipita- 
tion, the  percentage  showing  as  surface  run-off  varies  greatly.  Much 
depends  on  the  general  seasonal  conditions  and  on  the  character  of 
the  individual  storms.  Fig.  12  illustrates  some  of  the  characteristics 
of  the  rainfall  and  run-off  during  these  8  years.  It  shows  how  greatly 
the  percentage  of  the  run-off  depends  on  the  conditions  under  which 
the  rainfall  comes.  In  the  season  of  1905-06  a  few  very  heavy  storms 
gave  a  large  percentage  of  run-off,  of  which  a  great  part  was  in 
extreme  floods,  while  nearly  the  same  rainfall  in  1908-09,  coming  in 
a  large  number  of  smaller  storms,  gave  a  smaller  total  run-off  with  a 
larger  quantity  under  moderate  flood  stages.  Similarly,  the  season 
of  1904-05,  with  the  precipitation  falling  on  a  dry  water-shed,  gave  less 
run-off  for  all  stages  of  flow.  These  are  only  a  few  of  the  factors  which 
govern  the  quantity  of  run-off  resulting  from  the  precipitation  of  any 
given  season.  However,  the  general  seasonal  conditions  of  precipita- 
tion give  some  valuable  information  in  regard  to  the  possible  supply 
for  storage. 

Fig.  13  is  a  diagram  showing  the  rainfall  for  a  number  of  Southern 
California  points.  Fig.  14  shows  the  seasonal  rainfall  of  a  number 
of  places  near  the  drainage  area,  expressed  as  percentages  of  excess  or 
deficiency  from  the  long-time  mean.  These  diagrams  show  that  the 
period  from  1897  to  1900  was  the  dryest  in  40  years,  or  the  dryest  in 
60  years,  if  the  San  Diego  records  are  of  any  value  for  comparison. 
This  is  as  far  back  as  the  records  extend,  but  early  California 
history  indicates  that  there  was  another  period  of  that  kind  a  little 
more  than  100  years  ago.  This  period  might  be  taken  into  consideration 
as  a  limiting  condition,  but  any  short-time  average,  using  the  records 
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during  that  time,  would  give  results  which  would  be  too  low.  The 
avcriige  rainfall  from  1902  to  1910  is  very  near  the  long-time  average, 
and  the  different  seasons  represent  all  but  very  unusual  conditions.  The 
sc.jsdu  of  190n-04  had  a  very  light  rainfall  and  that  of  1906-07  an 
unusually  heavy  one.  Any  conclusions  drawn  from  the  records  of 
these  eight  seasons,  except  in  abnormal  cases,  should  cover  the  condi- 
tions to  be  met  in  the  future. 

AVERAGE  RAINFALL  FOR  7   FOOT-HILL  STATIONS  AND 
DEPTH  OF  RUN-OFF  FOR  DIFFERENT  DIVISIONS  OF  THE  FLOW 

SAN    GABRIEL  RIVER 


1902-^ 


Dtptb  of  Run-off 
AraiUble  for  Canals 

Depth  of  Run-olf 
During  Flood  Period 
Depth  of  Run-off 
80t«2S0  8ec-fl. 
Depth  of  Run-off 
SSOtoSOOSec-ft, 


liiO0to2naiSec-ft.  ' 

Depth  of  Run-off    ■ 

More  than  2000  Sec-ft-l 


loawM 


19(M-a5 


loawX) 


General  Seasonal 

Rainfall 
Rainfall  Durinfr 
FI00.J  Run-ilT 


100(K)' 


1907-08 

16.70  i 


Depth  of  Run-off 

During  Flood  Period  ' 

Depth  of  Run-off    I 

80toS80Sec-ft.      ' 

Depth  of  Run-off    ■ 

StOtoMlOSec.ft    I 

Depth  of  Run-off    ■ 

600tolOOOSec-fL    ' 

Depth  of  Run-off    | 

1000  to  2000  Uec-ft.  I 

Depth  of  Run-off    I 

More  than  2000  S«.ft.' 


^ge.OD 

1 4.60 
Hc.43 
1 4.10 
|2.9« 


I 


In  calculating  the  available  supply  for  surface  storage,  it  is  at 
once  evident  from  the  rainfall  records  that  there  are  a  large  number 
of  alternating  seasons  in  which  the  run-off  is  comparatively  small.  Any 
large  surface  reservoir  drawing  its  supply  from  a  diversion  of  the  flood 
tlciw  would  have  to  furnish  the  supply  for  more  than  one  irrigation 
with  filch  filling.  In  order  to  calculate  the  available  supply  for  such 
a  ri'sci-vi.ir,  it   is  iiocessar^-  to  select  a  period  during  which  the  run-off 
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represents  a  limiting  minimum  condition.  Figs.  15  to  18  show  the 
total  discharge  for  the  flood  periods  under  consideration  and  the  dis- 
charge which  would  have  been  available  for  varying  diversion  capacities. 
Fig.  19  shows  the  discharge  curve  for  all  flows  up  to  1  000  sec-ft.  for 
the  several  seasons.  During  these  eight  years,  the  period  from  Janu- 
ary. 1903,  to  October,  1904,  gives  the  limiting  minimum  condition. 
The  rainfall  records  indicate  that,  other  things  being  equal,  the  sup- 
ply available  during  this  period,  if  used  during  two  irrigation  seasons, 
would  have  been   greater  than  that   which  would  have   been   available 
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Fig.  13. 
during  any  similar  periods,  including  the  seasons  of  1872,  1873,  1882, 
1883,  1899,  and  1900.  These  seasons  include  12%  of  the  40  years 
for  which  records  are  available,  but  in  each  of  these  years  there  would 
have  been  some  storage  water,  in  some  of  them  probably  enough  for 
the  half-reservoir  capacity  necessary  for  one  irrigation  season. 

It  was  found,  during  the  drought  from  1897  to  1900,  that  practically 
every  irrigation  system  in  Southern  California  depending  on  a  sur- 
face water  supply  was  covering  too  great  a  territory  for  such  a  period. 
It  was  also  shown  that  orchards  could  be  kept  alive  for  one  or  two  years 
with  very  little  water,  the  only  loss  being  the  crops  for  those  seasons. 
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The  increased  cost  of  water  for  irrigation,  if  it  should  be  considered 
necessary  to  hold  enough  in  storage  to  cover  such  a  period,  would  be 
much  greater  than  the  value  of  the  lost  crops.     Also,  the  area  of  land 
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Fig.  15. 
which  could  be  placed  under  cultivation  with  the  existing  supply,  and 
the  resulting  value  of  that  supply,  -would  have  to  be  greatly  reduced. 
Another  point  that  must  be  taken  into  consideration  is  that  there  can 
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bo  a  ivsort  tn  iiuini)iiifi'.  even  if  at  great  cost,  to  cover  short  periods 
of  (loticient  supply.  For  these  reasons  it  is  not  thought  necessary 
to  consitler  I'xtrenio  conditions  for  the  economic  minimum  supply, 
and  it  is  thought  that  the  period  from  January,  1903,  to  October,  1904, 
may  \>v  taken  as  llic  limiting  ccouoniic  condition  of  the  water  supply 
which  could  he  obtained  by  diversion  of  the  flood-waters  of  the  San 
Ciabriel   River   for    surface   storage. 
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VARYING  RATES  OF  FLOW 
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Tile  limiting  conditions  with  regard  to  the  available  supply  for 
increasing  the  storage  in  the  underground  basins  are  somewhat  dif- 
ferent from  those  for  surface  storage.  The  slow  movement  of  the  un- 
derground waters  tends  to  equalize  the  varying  flows  of  the  different 
years,  and  the  great  extent  of  the  underground  basins  gives  almost  un- 
limited storage  capacity.  Where  the  present  pumping  draft  is  as 
great  as  the  natural  supply,  or  greater,  the  full  capacity  of  these 
basins,    above   the    limit    of   economic   pumping,    is    available    for    in- 
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creased  storage.  The  ultimate  supply  available  is  the  total  flood 
run-off  of  the  maximum  year;  but,  as  the  cost  of  spreading  the  water 
or  delivering  it  to  shafts  and  galleries  would  be  considerable,  the 
economic  limit  is  where  the  value  of  the  stored  water  will  warrant 
the  expense  of  obtaining  the  storage.  Although  this  will  vary  with 
each  individual  case,  as  a  general  average,  this  limiting  condition  is 
taken  as  the  maximum  supply  which  can  be  relied  on  for  an  a.verage 
of  one  year  out  of  three.  In  this  case,  again,  short  periods  of  ex- 
treme flood  cannot  be  considered  as  available. 

For  the  eight  years  under  consideration,  the  season  of  1908-09 
meets  this  condition  for  the  San  Gabriel  River.  The  rainfall  records 
show  that  in  30%  of  the  40  years  for  which  such  records  are  available, 
the  rainfall  was  greater  than  for  that  season,  and  for  70%  it  was  less. 
It  would  seem  probable  that,  if  the  flow  records  for  the  seasons  for 
which  the  rainfall  records  were  available,  this  season  would  still  meet 
this  limiting  condition. 

The  measured  run-off  of  the  San  Gabriel  River  shows  that,  for  the 
period  from  January,  1903,  to  October,  1904,  there  were  210  days  in 
which  the  flow  was  more  than  the  80-sec-ft.  capacity  of  the  present 
diversions.  During  tha.t  time  a  little  more  than  76  000  acre-ft.  passed 
by  these  diversions  and  down  the  wash  in  the  valley.  Of  this  quan- 
tity 46  000  acre-ft.  could  have  been  handled  by  a  diversion  having  a 
capacity  of  500  sec-ft.  During  these  two  seasons,  there  were  57  500 
acre-ft.  available  for  the  present  canals  with  the  80-sec-ft.  capacity. 
Similarly,  during  the  season  of  1908-09,  nearly  136  000  acre-ft.  passed 
the  diversion  point  of  the  present  canals  in  175  days,  with  81  500 
acre-ft.  available  for  a  500-sec-ft.  diversion.  During  the  entire  season, 
44  000  acre-ft.  were  available  for  the  canals.  If  it  were  possible  to 
obtain  storage  for  this  water  at  an  expense  warranted  by  its  value, 
it  would  be  possible  to  double  the  area  now  irrigated  from  the  surface 
flow  of  the  river. 

The  ratio  between  the  capacity  of  the  diversion  and  the  discharge 
through  it  during  the  flood  season  is  much  smaller  for  large  diversions 
than  for  small  ones.  In  the  case  of  surface  storage,  the  diversion  canal 
would  be  a  large  factor  in  the  total  cost,  and,  in  increasing  the  under- 
ground storage,  the  number  of  basins  or  shafts  and  galleries  would 
be  one  of  the  main  factors.  The  size  of  the  diversion  which  would 
give  a   discharge  warranting  the  expense  of  the  storage  is   a  matter 
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which  would  have  to  be  worked  out  in  connection  with  some  special 
project.  For  the  purpose  of  obtaining  an  idea  of  the  possibilities 
of  such  storage,  two  assumed  cases  are  given. 

The  first  assumes  that  a  basin  in  the  foot-hills  can  be  converted  into 
a  storage  reservoir,  and  that  the  flood-waters  of  the  San  Gabriel  River 
can  be  brought  to  it  by  a  diversion  canal.  The  limiting  minimum 
supply  is  assumed  as  that  for  the  period  from  Januarj%  1903,  to 
October,  1904,  covering  two  irrigation  seasons.  The  loss  by  evapora- 
tion and  seepage  is  assumed  to  be  25%,  the  duty  of  water  to  be 
2  acre-ft.  per  acre,  and  the  value  of  the  water  right  as  $1  000  per  inch 
of  annual  flow.  It  is  also  assumed  that,  besides  the  80-sec-ft.  capacity 
of  the  existing  diversions,  a  flow  of  20  sec-ft.  is  passed  to  meet  any 
possible  ultimate  losses  in  the  supply  for  underground  storage  or  prior 
water  rights;  that  is,  that  no  water  is  diverted  until  the  flow  is  more 
than  100  sec-ft.,  and,  when  it  is  more  than  that,  a  flow  of  at  least 
20  sec-ft.  is  maintained  in  the  natural  channel  below  the  diversions. 
The  details  of  the  results  which  could  be  obtained  by  such  a  diversion, 
under  these  assumptions,  are  given  in  Table  1. 

TABLE     1. — Results    of    Possible    Flood    Diversions    from    the 
San  Gabriel  River  for  Surface  Storage. 


Diversion,  in 
second -feet. 

Discharge,  in 
acre-feet. 

Quantity 
available  ifor 
irrigation,  in 

acre-feet 

Area  irrigated, 
in  acres. 

Value  of 
water  right. 

100 
200 
300 
400 
500 
750 

17  700 
30  100 
37  300 
42  260 
46  180 
48  500 

13  275 
22  575 
27  975 
31  695 
34  635 
36  375 

3  820 

5  644 

6  994 

7  924 

8  659 
9094 

S454  840 
773  223 
958178 
1  085  588 
1  186  288 
1  245  878 

In  the  second  case  it  is  assumed  that  a  series  of  pools,  connected 
with  shafts  and  galleries,  each  capable  of  absorbing  a  flow  of  50  sec-ft., 
is  to  be  constructed  to  take  the  flood-waters  of  the  San  Gabriel  River. 
The  flow  taken  for  the  computations  is  that  of  the  single  season  of 
1908-09.  In  order  to  increase  the  present  underground  storage,  the 
present  water  level  would  have  to  be  raised  and  the  overflow  from  the 
low  points  of  the  basin  increased.  It  is  assumed  that  this  and  other 
losses  will  take  up  50%  of  the  increased  supply  delivered  to  the  under- 
ground  basin.      Some  of   the  water  stored   in   the  season   under   con- 
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si(l(M-atioii,  and  in  years  when  the  tlow  is  greater,  will  have  to  be 
used  to  eciualize  the  deficiency  of  the  dryer  years.  It  is  assumed  that 
two-tliirds  of  the  water  which  cduld  be  stored  during  this  season 
would  be  available  for  pumpinj;-  tluring  any  one  season.  The  duty 
of  water,  as  before,  is  assumed  to  be  2  acre-ft.  per  acre.  The  value 
of  the  additional  wnter  stored  in  this  way  is  very  difficult  to  estimate. 
Under  general  conditions,  the  cost  of  pumping  is  greater  than  the 
cost  of  nuiintenanco  of  the  distributing  system  from  a  surface  supply, 
and  the  ea])ital  invested  is  less.  In  this  case,  as  an  increase  in  the 
underground  storage  would  result  in  the  irrigation  of  lands  now  of 
little  value,  and  would  make  them  of  great  value,  it  is  assumed  that  the 
value  of  the  net  avaifable  inci'eased  storage  is  the  same  as  that  for 
surface  storage,  that  is,  $1  000  per  inch  for  the  water  right.  Besides 
the  present  diversion  of  80  sec-ft.,  it  is  assumed  that  a  flow  of  at  least 
100  sec-ft.  is  to  be  maintained  in  the  natural  channel  whenever  pos- 
.silil(\  ill  order  to  assure  the  maximum  absorption  in  that  channel. 
With  these  assumi)tions,  the  details  of  the  different  possible  diversions 
are  given   in   Table  2. 

TABLE     2. — Kesults    of    PossiBLr:    Flood    Diversions    from     the 
San  Gabriel  Kiveb  for  Underground  Storage. 


Quantity 

Diversion,  in 

Discharge,  in 

available  for 

Area  irrigated. 

Value  of 

second-feet. 

acre-feet. 

pumping,  in 
acreteet. 

in  acres. 

water  right. 

50 

12  460 

4  153 

2  077 

$284  549 

100 

23  420 

7  806 

3  903 

434  711 

150 

81  920 

10  640 

5  320 

728  840 

200 

.'JK210 

12  747 

6  374 

873  238 

250 

43  3G0 

14  453 

7  227 

990  099 

300 

47e00 

15  867 

7  934 

1  086  956 

850 

51  3(X) 

17  100 

8550 

1  187.3.50 

400 

54  500 

18  167 

9  084 

1244  508 

450 

57  22{J 

19  073 

9  537 

1  306  569 

500 

59  620 

19  873 

9  937 

1  361  509 

The  general  value  of  $1 000  per  miner's  inch  for  water  rights 
scarcely  gives  a  fair  idea  of  the  local  conditions  in  the  San  Gabriel 
Valley.  At  the  current  rate  of  2  cents  per  inch  per  hour  delivered 
at  the  groves,  the  annual  charge  per  inch  is  about  $175,  or  7%  of  $2  500. 
This,  calculated  in  acre-feet,  gives  a  warranted  investment  of  $171.23 
per  acre-ft..  including  both  storage  and  distributing  system,  for  the 
net  available  stored  water,  and  would  warrant  the  construction  of 
very  extensive  storage  systems. 
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There  are  many  small  streams  in  Southern  California  having  a 
run-oif  which  is  similar  to  that  of  the  San  Gabriel  River,  and  the  only 
way  to  get  any  idea  of  the  available  supply  for  storage  from  them  is 
by  comparison  with  it.  The  rainfall  on  their  drainage  areas  is  about 
the  same.  It  is  probable  that  the  run-off  per  square  mile  from  them 
is  greater  than  for  the  average  of  the  total  drainage  area  of  the  San 
Gabriel  River,  and  that  a  larger  percentage  of  it  comes  in  extreme 
floods.  However,  it  would  be  possible  to  handle  economically  a  larger 
part  of  the  floods  from  the  smaller  streams.  Under  the  assumptions 
given  in  the  two  cases  worked  out,  a  diversion  capacity  of  2.25  sec-ft. 
per  sq.  mile  of  drainage  area  will  assure  sufficient  supply  for  a 
reservoir  storage  of  200  acreft.  for  each  square  mile,  irrigating 
40  acres.  At  2  cents  per  inch  per  hour  this  would  warrant  an  ex- 
penditure of  $13  250  per  sq.  mile  of  drainage  area.  In  the  same  way, 
there  would  be  available  for  increasing  the  underground  storage  a  sup- 
ply sufficient  to  irrigate  45  acres. 

In  many  places  where  irrigation  is  developed  extensively,  the 
conditions  of  run-off  are  similar  to  those  in  the  San  Gabriel  Moun- 
tains. Except  in  a  few  places  where  large  natural  storage  basins 
have  been  found  on  the  streams,  there  is  a  large  waste  flood  flow. 
As  the  value  of  the  land  and  crops  increases,  the  possibility  of  obtain- 
ing more  storage  increases,  Much  remains  to  be  done  to  secure  the 
maximum  possible  use  of  the  water  supply  of  almost  all  irrigated 
districts. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This    Society    is   not    responsible    for   any   statement    made    or   opinion    expressed 
in   its   publications. 


THE   USE   OF   CEMENT   FOR   EXCLUDING   WATER 
FROM  OIL  SANDS  IN  DRILLING  WELLS.* 


By  Paitl  M.  Palxe,  Assoc.  M.  Am.  Soc.  C.  E. 


In  connection  with  the  drilling-  of  oil  wells,  cement  is  bein^  used 
in  increasing  qviantities  for  excluding  from  the  oil  sand  the  water 
in  strata  nearer  the  surface.  This  water,  if  not  prevented  from  going 
down  into  the  oil  sand,  will  displace  the  oil,  because  of  its  greater 
specific  gravity,  and  eventually  ruin  the  well.  Unfortunately,  the  dam- 
age does  not  end  here,  for  experiences  in  the  older  fields  have  shown 
that  this  flooding  of  the  oil  sand  spreads  gradually  over  wide  areas, 
depending  mainly  on  the  porosity  of  the  sand  and  the  gravity  of  the 
oil,  and,  unless  checked  in  some  manner,  it  will  ruin  neighboring 
wells.  For  this  reason  the  encroachment  of  water  into  the  oil-bearing 
strata  is  a  serious  problem  in  any  oil-field,  and  is  particularly  diftieult 
to  overcome  where  the  water  strata  are  directly  above  or  below  the  oil- 
bearing  sand. 

The  mechanical  difficulties  and  expense  connected  with  this  prob- 
lem have  led  carelcs.s  operators  to  take  long  chances  at  times,  and, 
in  many  of  these  cases,  where  the  work  has  not  been  successful,  there 
has  been  serious  injury,  not  only  to  such  wells,  but  also  to  adjoining 
properties.  A  measure  of  State  relief  has  been  obtained  in  some 
States   where   laws   have   been   passed    requiring   operators   to   remedy 

•This  paper  will  not  be  presented  at  any  meeting,  but  written  communications 
on   the  subject    are   invited  for  publication  with    it   in   Transactiotifi. 
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such  defects,  but  it  is  generally  agreed  that  the  only  permanently 
satisfactory  method  is  to  shut  off  the  water  effectually  at  the  time 
the  well  is  being  drilled  and  before  the  hole  has  been  carried  into  the  oil 
sand. 

The  development  of  deep  drilling,  which  has  come  with  the  intro- 
duction of  the  use  of  casing,  has  seen  marked  advances  in  methods, 
and  it  is  not  unusual  to  finish  wells  with  a  6-in.  hole  at  a  depth  of 
4  000  ft.  or  more.  In  such  wells  several  "strings"  of  pipe  may  be  used, 
the  first  and  largest  being  carried  down  from  the  surface  vmtil  it  is 
"landed"  at  a  suitable  depth,  or  until  it  is  "frozen"  by  caving  material 
falling  in  against  it  from  the  walls  of  the  hole  and  binding  it  so  that 
it  cannot  be  moved  farther,  either  up  or  down.  The  next  "string," 
the  collars  of  which  will  run  inside  of  the  first  one,  is  then  put  in, 
and  drilling  is  continiied  until  this  second  string  is  either  landed  or 
frozen,  and  so  wells  frequently  contain  strings  of  15^-in.,  70-lb., 
]2-|-in.,  40-lb.,  10-in.,  40-lb..  8-in.,  28-lb.,  6|-in.,  20  or  26-lb.,  and  4i-in., 
12i-lb.,  lap-welded,  screw  casing.  At  the  bottom  of  each  of  these 
stringvs  there  is  a  shoe  with  an  outside  diameter  slightly  greater  than 
that  of  the  pipe  collars,  so  that,  as  the  pipe  is  lowered,  the  collars 
will  be  sure  to  pass  through  any  opening  through  which  the  shoe  has 
passed. 

Preventing  the  water  from  rea,ching  the  oil  is  effected  by  landing 
a  tight  string  of  pipe,  called  the  "water  string,"  at  a  level  known  to  be 
below  the  lowest  water  stratum  and  above  the  oil  sand.  This  is  done 
before  the  hole  is  drilled  into  the  latter,  and,  wherever  possible,  the 
water  string  is  landed  on  a  "shell,"  the  general  oil-field  term  for  any 
hard  compact  rock.  This  is  illustrated  in  Fig.  1.  In  some  fields  all 
that  is  necessary  is  to  stop  drilling  and  drive  the  pipe  into  this  shell; 
the  well  is  then  baled  di-y,  and,  after  standing  a  day  or  two,  a  baler 
is  run  in  to  ascertain  whether  or  not  the  pipe  is  holding  the  water 
back.  If  water  has  come  in,  it  means  that  the  bond  between  the  casing 
shoe  and  the  shell  is  not  tight,  or  that  the  casing  leaks.  The  cause 
of  the  leakage  may  be  determined  by  special  devices,  and  then  a 
suitable  remedy  may  be  applied.  Often,  however,  a  hard  shell  in 
which  to  land  the  casing  cannot  be  found,  and  the  pipe  is  stopped 
when  the  shoe  is  in  some  soft  measure  such  as  shale.  In  either  case, 
it  frequently  happens  that  wells  which  have  shown  a  satisfactory 
water  test  at  the  time  of  drilling,  have  developed  water  later,  due  to 
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gradual  leaching  through  the  interstices  of  surrounding  porous  meas- 
ures. This  uncertainty  led  to  the  search  for  a  more  thorough  method 
of  sealing  off  the  water,  and  the  use  of  cement  has  come  to  be  recognized 
as  the  only  positive  remedy.  The  problem,  then,  is  one  of  placing 
from  2  to  8  tons  of  cement  between  the  casing  and  the  wall,  at  the 
bottom  of  holes  ranging  in  depth  from  600  to  4  000  ft. 

In  all  the  methods  described  herein,  when  the  hole  has  reached 
the  desired  depth  at  which  to  cement,  it  is  reamed  out  wider  for  60 
or  70  ft.  above  the  bottom  with  an  under-reamer,  a  tool  which  widens 
the  hole  with  cutting  lugs  that  spring  out  when  lowered  below  the 
casing  shoe.  This  gives  additional  room  for  the  cement  and  insures 
a  better  bond.  The  hole  is  also  cleaned  of  mud  and  cuttings,  and 
fresh  water  is  run  in.  The  simplest  method  of  placing  the  cement  is 
that  known  as  "baling"  it  in.  The  hole  is  filled  with  water  to  the  top 
of  the  casing,  and  the  latter  is  raised  until  the  shoe  is  10  or  12  ft. 
from  the  bottom.  The  cement,  mixed  to  a  thick  grout,  is  then  run  in 
in  a  specially  devised  baler  which  dumps  when  it  reaches  the  bottom. 
When  from  1  to  2  tons  (dry  weight)  have  been  placed  in  this  way,  a 
plug  is  screwed  into  the  casing  collar  at  the  top,  and  the  casing  is 
lowered.  As  the  casing  is  full  of  water,  the  weight  of  the  pipe  forces 
a  large  portion  of  the  cement  out  into  the  formation  and  up  between 
the  casing  and  the  wall  of  the  hole,  as  the  casing  shoe  is  lowered  to 
the  bottom.  As  a  final  precaution,  the  casing  is  driven,  in  order  to 
force  the  shoe  into  the  bottom  as  far  as  possible.  Instead  of  using 
a  baler,  some  operators  prefer  to  run  in  the  cement  in  a  series  of 
long  na.rrow  bags  tied  to  the  bottom  of  the  drilling  tools;  when  the 
bottom  is  reached,  a  few  strokes  of  the  tools  loosen  the  bags  and 
break  them  up  so  that  the  cement  is  freed.  In  connection  with  these 
methods  the  patented  Baker  "cement  plug"  is  sometimes  used  instead 
of  the  one  screwed  into  the  top  of  the  casing  before  it  is  lowered. 
This  plug  is  of  light  cast  iron,  made  so  that  it  may  be  hung  from  the 
baler  with  soft  rope  and  run  down  inside  the  casing.  When  lowered 
below  the  casing  shoe  and  then  raised  with  a  slight  tension,  a  set  of 
clips  catch  on  the  shoe,  and  the  bottom  opening  of  the  casing  is 
effectually  closed.  The  casing  is  then  lowered,  the  cement  is  forced 
up  on  the  outside,  and  the  baler  is  loosened  by  a  stronger  pull  which 
breaks  the  soft  rope.     Tlie  plug,  being  of  cast  iron,  is  easily  drilled  up. 
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A  method  of  p:irticular  vtilue  in  very  deep  wolls,  or  in  those  in  wliich 
the  water  strinji-  tends  to  "freeze''  unless  moved  at  frequent  intervals. 
is  tliat  known  as  tht^  disk  method,  in  which  patented  packers  are  used. 
Tliis  rc(iuires  that  a  ''circulation"  be  obtained,  that  is,  that  there  be 
a  free  passage  for  fluid  innnped  down  inside  the  pipe  to  come  to  the 
surface  on  the  outside.  In  order  to  obtain  this,  a  10  by  5  by  12-in. 
innnp  of  the  type  used  in  the  oil-fields  for  pumping  mud  in  drilling 
wells  with  the  rotary  system,  is  set  up  and  connected  to  the  casing  head 
with  a  section  of  :.'l-in.  i)ressure  armored  hose,  as  shown  in  Fig.  8. 
It   i>  frtMiuently  necessary  to  work  up  to  a  pressure  of  several  hundred 


Cement  Box 


pounds  before  the  fluid  will  create  a  passage  on  the  outside  of  the 
pi|)e  from  the  casing  shoe  to  the  surface.  When  this  circulation  has 
been  obtained,  the  casing  is  suspended  so  that  the  shoe  is  4  or  5  ft. 
from  the  bottom  and  enough  fresh  water  is  pumped  in  to  insure  a 
thorougli  cleaning  of  the  bottom.  The  packers  are  of  wood  or  of  cast  iron, 
and  have  heavy  canvas  or  rubber  washers  which  fill  the  space  inside 
the  casing,  as  shown  in  Fig.  2.  The  lower  one  is  about  3  ft.  long,  and, 
after  it  has  been  placed  in  the  casing,  the  pump  suction  is  connected 
with  the  box  in  which  the  cement  has  been  mixed  just  thin  enough 
to  jjuni])  readily.  The  cement  is  then  pumped  in  against  the  lower 
liaeker,    forcing    it    down    until    the   cement   box    is    drained;    the   top 


984  USE  OF  CEMENT  TO  EXCLUDE  WATER  FROM  OIL  WELLS  [Papers. 

packer  follows,  and  water  is  then  pumped  in  against  the  latter, 
pushing  the  combination  of  lower  packer,  cement,  and  top  packer 
down  the  pipe.  When  the  lower  packer  passes  the  casing  shoe,  it  falls 
to  the  bottom  of  the  hole  and  permits  the  cement  to  pass  around  the 
shoe  and  up  on  the  outside  of  the  casing.  The  top  packer  is  of  such 
length  that  when  it  has  forced  the  cement  out  of  the  pipe  and  it  strikes 
the  lower  packer,  its  top  set  of  washers  will  not  have  passed  out  of  the 
casing,  and,  as  it  cannot  move  farther,  it  will  raise  the  pressure  inside 
the  casing  and  stop  the  pump.  The  casing  is  then  landed  on  the  bottom, 
the  cement  has  been  placed  outside  of  the  pipe  at  the  bottom  of  the 
hole,  and  the  packers,  like  the  cement  plug,  are  easily  drilled  up  after 
the  cement  has  set.  The  main  objections  to  this  method  are  the 
danger  of  the  packers  sticking  while  going  down  inside  the  casing 
and  the  fact  that  the  lower  packer  may  fall  to  the  bottom  in  such  way 
as  to  prevent  the  easing  shoe  from  being  landed  squarely  on  the  bot- 
tom, and  thus  get  under  it  so  that  the  bond  is  broken  when  the  packer 
is  drilled  up. 

The  following  method  is  in  more  general  use,  as  it  has  seemed  to 
secure  better  results  and  has  no  patented  features:  In  this,  as  in  the 
packer  method,  the  principle  of  pumping  in  the  cement  under  con- 
ditions that  force  it  up  on  the  outside  of  the  casing  is  used,  but  this 
is  done  with  an  extra  string  of  small  pipe,  usually  2i-in.  tubing,  which 
is  lowered  inside  of  the  casing.  After  the  hole  has  been  drilled  to  the 
desired  depth,  reamed,  and  a  circulation  obtained,  the  casing  is  sus- 
pended with  its  shoe  about  6  or  8  ft.  from  the  bottom ;  the  hole  is  filled 
with  water  to  the  top  of  the  casing,  and  a  string  of  tubing  is  run  in 
until  its  bottom  is  slightly  above  the  casing  shoe.  The  packing  head, 
shown  in  Fig.  4,  is  screwed  into  the  casing  collar  at  the  top,  and 
the  gland  in  this  head  acts  as  a  stuffing-box  around  the  tubing.  Then, 
witli  the  casing  full  of  water,  when  water  is  pumped  in  through  the 
tubing,  its  only  course  is  up  on  the  outside  of  the  casing.  The  surface 
arrangement  for  the  pump  is  similar  to  that  for  the  packer  method 
(Fig.  3).  On  the  bottom  of  the  tubing  has  been  placed  either  a  bush- 
ing or  a  swedge  nipple,  reducing  the  opening  from  2J  to  2  in.  First, 
fresh  water  is  pumped  into  the  tubing,  and  this  is  followed  with  the 
cement  grout;  as  soon  as  the  cement  is  all  in,  the  plug  in  the  tubing 
tee  above  the  packing  head  is  unscrewed,  and  a  wooden  plug  with  a 
washer  on  it  is  dropped  in  on  the  cement.     The  tubing  plug  is  then 
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replaced,  and  water  is 
puniTX^d  in  acrainst  the 
WMiult'ii  i>lup",  cliasing 
the  colmnn  of  cement 
down  tlie  tubinp:.  The 
water  in  tlie  casing  is 
incompressible,  and  the 
Clement  must  travel 
around  the  shoe  and 
up  on  the  outside.  The 
purpose  of  the  swedge 
nipple  at  the  bottom  of 
the  tubing  is  to  show 
when  the  cement  has 
passed  out.  The  plug 
is  stopped.  an(i  the 
pressure  on  the  gauge 
at  the  pump  goes  up. 
The  casing  is  then  low- 
ered to  the  bottom,  and 
the  tubing  is  pulled  out 
as  rapidly  as  possible 
so  that  whatever  ce- 
ment has  remained  in- 
side the  ca.sing  may  be 
baled  out  before  it  has 
had  time  to  set.  The 
cement  is  then  allowed 
from  10  to  20  days  in 
which  to  set,  after 
which  the  well  is  drilled 
a  few  feet  ahead  of  the 
shoe  and  then  baled 
dry.  If  no  water  has 
come  in  at  the  end  of  a 
24-hour  period,  it  shows 
that  the  work  has  been 
successful,  and  drilling 
operations  are  resumed. 
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In  one  well  cemented  by  the  writer,  a  still  lower  water  sand  was 
encountered.  Back  of  a  string  of  8-in.,  28-lb.  casing,  2^  tons  of  cement 
had  been  placed,  and  as  it  was  desired  to  shut  off  all  the  water  with 
the  8-in.  string  and  use  a  6-in.  string  to  finish  the  well,  the  former  was 
cut  off  about  200  ft.  from  the  bottom  and  the  hole  was  re-drilled  off 
to  the  side  of  the  8-in.  pipe  left  in  the  old  hole.  This  is  known  as  "side- 
tracking," and  the  new  hole  goes  off  to  the  side  of  the  old  pipe  and  down 
directly  beside  it.  This  gave  an  opportunity  to  learn  how  far  up,  on. 
the  outside  of  the  casing,  the  cement  had  set,  and  it  was  found  to  be 
65  ft. 

Ill  the  preliminary  operation  of  securing  a  circulation,  the  fluid 
may  come  to  the  surface  on  the  outside  of  the  pipe,  even  though  it  is 
not  coming  around  the  shoe,  if  a  leak  exists  in  the  casing.  This 
may  be  determined  by  continuing  to  pump  and  lowering  the  casing 
to  the  bottom  of  the  hole;  if  there  is  a  leak,  the  circulation  will  con- 
tinue; if  the  circulation  has  been  entirely  around  the  shoe,  then  when 
■  the  latter  i.s  placed  on  the  bottom,  the  fluid  will  be  held  in  and  the 
pump  pressure  will  be  raised. 

From  2  to  6  tons  (dry  weight)  of  cement  are  generally  used,  de- 
pending on  conditions;  and  even  larger  quantities  are  inserted  where 
an  unusual  cavity  is  to  be  filled.  Before  being  mixed  with  water  the 
cement  should  be  screened,  and  particular  care  should  be  taken  that 
no  pieces  of  bags  or  strings  get  into  the  suction  line.  Preferences 
for  different  brands  of  cement  are  found  in  different  localities,  but  there 
appears  to  be  little  advantage  in  any  one  kind  of  cement,  if  the  time 
of  initial  set  is  long  enough  to  cover  the  period  of  mixing  and  pump- 
ing it,  and  of  lowering  the  casing.  Sand  should  not  be  mixed  with  the 
cement,  and  the  grout  should  be  given  every  opportunity  to  set;  for 
this  reason  the  hole  should  be  made  as  free  from  mud,  oil,  and  gas  as 
possible,  the  latter  especially  tending  to  prevent  the  set  by  keeping 
the  cement  in  motion. 

It  sometimes  happens,  particularly  in  new  territory,  that  after  the 
oil  sand  has  been  penetrated  and  the  well  is  being  drilled  still  deeper, 
another  water  sand  is  encountered,  known  as  "bottom"  water.  Under 
such  conditions,  in  the  presence  of  active  quantities  of  oil  and  gas, 
the  work  becomes  more  difficult.  The  most  effective  method  is  to  pull 
up  the  casing  until  the  shoe  is  a  short  distance  below  the  bottom  of 
the  oil  sand,  and  then  build  a  "bridge"  in  the  hole  below  the  shoe  by 
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niiuiiiifi'  in  hrokcii  pieces  of  brick  and  common  manila  ropo.  Tliis 
bridge  closes  the  hole  and  forms  a  landing  i)lacc  for  the  easing  slioe 
aiter  the  cement  has  been  run  in.  More  care  in  gauging  the  quantity 
of  cement  to  be  placed  is  necessarj'  in  this  case,  in  order  that  none  of 
it  may  reach  the  oil  sand  and  clog  it,  thereby  tending  to  interfere  witli 
the  oil  jiroihu'tion. 
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THE  l»Ki:\MTT  RESERVOIR  PROPOSITION.* 


By  J.  C.  Ulrich,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  September  17th,  191:5. 


The  Prevvitt  Reservoii'  Proposition  \v;;.s  cuiiceiveJ  and  developed 
by  the  Great  Western  Sugar  Company  for  the  purpose  of  increasing 
the  effective  water  supply  of  the  lower  South  Platte  Valley,  in  the 
vicinity  of  Sterling.  This  Company,  strictly  speaking,  is  not  engaged 
in  the  business  of  promoting  irrigation  propositions,  but  in  the  manu- 
facture of  sugar  from  beets.  Though  the  promotion  of  irrigation  propo- 
sitions is  not,  in  itself,  one  of  its  functions,  it  has  a  very  definite  in- 
direct interest  in  the  effectiveness  of  the  water  supply  of  the  regions 
in  which  it  operates. 

Farmers  will  not  raise  beets,  exceftt  at  a  profit,  and  beet  culture 
cannot  be  conducted  at  a  profit  to  the  producer,  except  in  regions 
in  which  a  certain  supply  of  water  is  available  for  use  well  into 
September. 

This  Company  owns  and  operates  three  important  sugar  factories 
in  the  valley  of  the  South  Platte  River:  At  Sterling,  at  Brush,  and  at 
Fort  H organ.  The  combined  daily  capacity  of  these  plants,  during 
the  sugar-making  campaign,  is  nearly  3  000  tons.  In  order  that  their 
operation  may  be  profitable,  it  is  necessary  that  they  be  supplied  with 
a  sufficient  tonnage  of  beets  to  keep  them  running  at  least  100  days 
during  each  season.     This  requires  about  300  000  tons  of  beets. 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Procredings,  and,  when  finally  closed,  the 
papers,   with  discussion   in  full,  will   be  published   in   Transactions. 

*  A  paper  read  before  the  Colorado  Association  of  Members  of  the  American  Society  of 
Civil  Engineers,  on  January  11  th.  l'.*13 
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After  these  sugar  plants  were  constructed,  it  was  found  that,  m 
some  years,  the  water  supply  was  not  sufficient,  during  the  later  part 
of  the  growing  season,  to  effect  a  full  yield  of  beets;  the  result  was  that 
the  supply  of  the  latter  was  reduced,  and  the  operating  time  of  these 
factories  was  curtailed  to  a  period  which  was  too  short  to  give  a  profit 
from  their  operation.  In  one  season,  it  was  even  found  necessary,  on 
this  account,  to  close  one  of  the  factories  entirely. 

The  enforced  idleness,  throughout  an  entire  season,  of  a  plant 
representing  an  investment  of  nearly  $1  000  000,  is  not  a  proposition 
to  be  viewed  with  equanimity,  and,  in  order  to  lessen  the  probability 
of  its  recurrence,  the  Sugar  Company  conceived  the  idea  of  adding 
to  the  effective  water  supply  by  the  creation  of  an  additional  plant  for 
the  storage  and  conservation  of  the  water  supply  existing  but  not  yet 
made  available  for  the  requirements  of  this  region. 

The  Prewitt  Keservoir  Proposition  contemplates  the  storage,  and 
conservation  for  use  in  the  latter  part  of  the  growing  season,  of  about 
S2  000  acre-ft.  of  water,  in  addition  to  that  which  has  been  heretofore 

available. 

This  proposition  has  been  conceived,  financed,  and  developed  by 
the  Great  Western  Sugar  Company,  and  has  been  delivered  to  the 
Iliff  and  the  Logan  Irrigation  Districts,  practically  at  the  actual  cost 
of  construction  of  the  works;  the  Company,  in  reimbursement  for  its 
expenditure,   accepting  the  bonds  of  the  two  districts  at  par. 

The  Iliff  Irrigation   District. 

The  Iliff  Irrigation  District  comprises  an  area  of  about  13  600 
acres  of  cultivated  land,  extending  along  the  South  Platte  Valley 
from  a  point  about  T  miles  down  the  river  from  Sterling,  to  a  point 
about  32  miles  below  that  town. 

Most  of  this   area   is  well  improved  and  under  cultivation.     It  is 
irrigated  at  present,  and  has  been  for  many  years,  by  direct  diversion 
from  the  river,  through  the  following  ditches:    The  Iliff   and  Platte  | 
Valley,  the  Powell  and  Dillon,  the  Harmony  (Ditches  Nos.  1,  2,  and 
3),  the  J.  B.,  the  Bravo,  and  the  Powell  and  Bland. 
The  Logan  Irrigation   District. 

The  Logan   Irrigation  District   comprises,   also,   an   area   of   about 
J 3  600   acres,   extending   along  the   South  Platte   River   from   a   point 
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iilioiit  14  miles  up  llic  I'iver  from  Sterling;',  to  a  point  about  G  miles  clown 
-trcain  1'roin   tliat   town. 

Like  the  Ilitt"  District,  this  area  is  well  improved,  and  has  been 
under  cultivation  for  many  years.  Its  water  supply  is  dependent 
"II  diriH't  diversion  from  the  i'iver,  throufih  the  t'uUowiny  ditches: 
The  Pawnee,  the  SprinpUile,  the  South  Platte  Extension,  and  the 
Davis  Brothers. 

The  territory  in  both  these  districts  is  well  improved,  and  has 
lujoycd  a  reasonable  degree  of  prosperity,  without  the  advantage  of 
an  impounded  water  supply.  It  is  hoped  that  this  prosperity  will 
he   increased   materially   by   the   more   certain  water   supply   which   is 

•  xpected  under  the  operation  of  the  proposition  here  under  consideration. 

TllK    PrKWITT    PkskrvoIR    PiJOI'OSITION. 

The  Prewitt  Reservoir  Basin  consists  essentially  of  a  shallow 
sandy  depression  on  the  plains  bordering  the  South  Platte  River.  It 
i.-i  about  2i  miles  from  the  South  Platte  River,  about  the  same  distance 
from  the  Town  of  Merino,  on  the  Julesburg  Division  of  the  Union 
Pacific  Railroad,  and  1^^  miles  southwest  from  Sterling. 

Its  improvement  has  consisted  of  the  construction  of  an  earthen 
embankment,  about  -"H  miles  long,  occupying  about  one-third  of  its 
contour;  the  construction  of  an  inlet  canal,  5  miles  long,  from  the 
river,  and  an  outlet  canal,  2  miles  long,  designed  for  returning  the  im- 
pounded waters  to  the  river  for  re-diversion  through  the  ditches  pre- 
viously named,  and  application  to  the  lands  of  the  districts. 

Tlie  Iicsevvoir  Embankment. — The  reservoir  embankment  has  a 
maximum  height  of  36  ft.  This  height  is  Teached  at  only  one  place, 
and  extends  for  a  distance  of  less  than  100  ft.  For  the  greater  por- 
'  "U  of  its  length,  the  height  does  not  exceed  2")  ft.,  the  average  being 
about  20  ft. 

It   is   designed   with   uniform    slopes   of   2   horizontal   to    1    vertical, 

•  11  the  water  side.  Where  the  height  does  not  exceed  20  ft.,  the  outside 
slopes  are  also  uniformly  2  horizontal  to  1  vertical.  Where  the  height 
exceeds  20  ft.,  the  outside  slopes,  from  the  top  of  the  embankment  to 
an  elevation  20  ft.  below  the  top,  are,  likewise,  2  horizontal  to  1  vertical, 
and,  from  this  elevation  to  the  base  of  the  fill,  they  are  3  horizontal  to 
1  vertical.  The  top  width,  throughout,  is  10  ft.,  and  the  crest  is  7  ft. 
above  the  level  of  the  highest   |iro]ios('d  water  in   the   reservoir. 
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The  material  on  which  the  embankment  is  founded,  and  of  which  it 
is  constructed,  consists  essentially  of  very  fine  sand  mixed  with  a 
small  percentage  of  soil. 

Prior  to  the  construction  of  the  embankment,  a  longitudinal  trench 
was  excavated  along  the  entire  site,  its  center  line  being  coincident 
with  that  of  the  embankment.  This  trench  was  made  6  ft.  deep  and 
6  ft.  wide  on  the  bottom,  with  side  slopes  of  1|  horizontal  to  1 
vertical. 

Before  depositing  any  earth  for  the  embankment  proper,  this  trench 
was  partly  filled  with  water,  in  which  selected  material  was  deposited 
in  2-ft.  layers.  This  operation  was  repeated  three  times  in  the  fi^lling 
of  the  trench.  The  water  for  this  purpose  was  pumped  from  a  series 
of  sixteen  wells,  put  down  just  outside  of  the  lower  toe  of  the  embank- 
ment, at  intervals  of  about  1  000  ft.  Sufficient  water  was  thus  fur- 
nished and  used,  to  effect,  not  merely  the  moistening,  but  the  actual 
puddling,  of  the  material  deposited  in  the  trench. 

The  purpose  of  this  puddled  trench  was  to  break  the  continuity 
of  any  seam  which  there  might  be  between  the  soil  of  the  site  and  the 
material  of  the  superimposed  embankment.  It  was  also  designed  to 
cut  off  and  intercept  the  channels  of  any  dog  or  gopher  holes  which 
might  be  in  the  material  underlying  the  emhankment.  * 

After  the  trench  had  been  filled,  and  the  site  had  been  cleared 
of  all  vegetable  matter  and  plowed  to  a  depth  of  10  in.,  the  construc- 
tion of  the  embanlvuient  proper  was  begun. 

The  material  was  deposited  in  layers  not  exceeding  1  ft.  in  thick- 
ness. Each  layer  was  then  thoroughly  wetted,  before  the  deposition 
of  the  next,  with  water  pumped  from  the  wells.  Then  it  was  rolled 
with  a  corrugated  roller  weighing  125  11).  per  in.  of  length.  This  opera- 
tion was  repeated  successively  mitil  the  full  height  of  the  embankment 
was  reached.  The  wetting  of  this  material  prior  to  each  rolling  resulted 
in  the  actual  \\etting  of  the  whole  layer,  not  the  mere  moistening  of 
the  surface.  The  contractors  claim  to  have  kept  records  of  their 
pumping  operations,  and  these  disclose  the  fact  that  the  volume  of  water 
pumped  into  the  material  exceeded  that  of  the  embankment  itself; 
in  other  words,  the  volume  of  water  put  into  the  embankment  exceeded 
that  of  the  earth. 

Protection  of  Enihankment  Against  Wave  Action. — The  water  side 
of  the  embankment  is  protected  against  wave  action  by  a  covering  of 
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Fig.     3. ^Placing    Concrete     Protection     Slabs     on     Face     of    Reservoir 

Embankment. 
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concrete,  4  in.  tliiek,  extending  from  its  foot  to  within  2  ft.  of  its  top, 
where  it  joins  a  vertical  parapet  wall  of  concrete.  The  latter  is  3  ft. 
high,  and  extends  1  ft.  ahove  the  crest  of  the  embankment,  and  8  ft. 
above  the  elevation  of  the  highest  proposed  water  in  the  reservoir. 
Thi^  parapet  is  C  in.  thick,  and  is  L-shaped,  with  a  vertical  leg  of 
3  ft,  and  a  horizontal  leg  of  2^  ft.  Both  legs  are  reinforced  in  eacli 
direction  with  |-in.  square,  twisted  bars  at  intervals  of  12  in. 

At  the  foot  of  the  surface  protection,  and  connected  therewith  by 
reinforcing  rods  of  steel,  there  is  a  vertical  "toe-wall,"  extending  5  ft. 
into  the  ground  below  the  edge  of  the  latter.  This  toe-wall  is  6  in. 
thick,  and  is  reinforced  horizontally  and  vertically  with  steel  bars  at 
intervals  of  12  in. 

The  concrete  sheathing  which  covers  the  surface  of  the  embankment 
is  in  individual  slabs,  each  10  ft.  wide,  and  continuous  in  length  from 
the  parapet  wall  at  the  top  to  the  toe  wall  at  its  foot. 

These  slabs  were  laid  in  two  distinct  sets,  the  first  set  being 
placed  with  intervening  spaces  of  the  same  widths  as  the  slabs  them- 
selves. After  the  first  ones  had  become  thoroughly  set,  the  alternate 
slabs  were  placed.  Side  forms  were  placed  for  the  first  set  of  slabs, 
but  their  edges  constituted  the  forms  for  the  alternate  set. 

Under  each  line  forming  the  jtniction  of  adjacent  slabs,  and  de- 
signed for  the  purpose  of  breaking  the  joints  between  the  latter, 
there  are  concrete  stringers,  extending  from  the  top  to  the  bottom  of 
the  inclined  surface  to  be  protected.  These  stringers  are  6  in.  thick 
and  12  in.  wide,  and  each  is  reinforced  with  three  bars  of  i-in. 
square,  twisted,  st<?el  placed  midway  between  the  upper  and  lower 
surfaces  of  the  stringer.  The  edges  of  adjacent  protection  slabs  are 
coincident  with  the  center  line  of  these  stringers,  each  slab  lapi)ing  over 
the  stringer  6  in.  It  was  expected  that  this  arrangement  would  break 
the  joints  between  the  edges  of  the  slabs,  and  prevent  the  removal  of 
sand  and  earth  through  seams  which  might  be  caused  by  the  contrac- 
tion of  the  slabs. 

The  slabs  are  reinforced  in  both  directions  with  |-in.  square,  twisted, 
steel  rods  at  intervals  of  12  in.  Great  care  was  taken  to  ensure  that 
these  rods  would  be  midway  between  the  two  surfaces  of  the  conci-ete. 
The  longitudinal  and  cross-rods  were  secured  to  one  another  with  wire 
fastenings  at  each  alternate  intersection. 

The  concrete  in  all  this  revetment  was  composed  of  1  part  of  Ideal 
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Portland  cement  and  4  parts  of  clean,  sharp,  river  sand.  Gra.vel  was 
not  used  because  none  was  obtainable  within  permissible  transporta- 
tion limits. 

The  Inlet  Catial.—The  inlet  canal,  conveying  the  water  from  the  river 
to  the  reservoir,  is  5  miles  long,  and  is  on  a  gradient  of  0.025  per  100, 
equivalent  to  about  16  in.  per  mile,  the  computed  velocity  being 
2.9  ft.  per  sec,  with  the  canal  running  full. 

The  canal  has  a  uniform  bottom  width  of  20  ft.,  and  side  slopes  of 
2  horizontal  to  1  vertical.  It  is  built  through  a  comparatively  level 
country,  and  has  an  embankment  on  each  side.  The  top  width  of  these 
embankments  is  10  ft.,  and  the  crest  elevation  is  9  ft.  above  the 
bottom  of  the  canal  and  2  ft.  above  the  elevation  of  highest  water. 

The  canal  is  located  mostly  on  tangents,  there  being  only  six  curves, 
of  which  the  sharpest  is  6  degrees.  Its  computed  discharge,  for  a  depth 
of  7  ft.,  is  about  695  cu.  ft.  per  sec. 

About  1  mile  below  the  point  where  the  canal  is  diverted  from  the 
river,  a  waste  channel  extends  back  to  the  river,  a  distance  of  1  mile. 
This'has  been  designed  to  assist  in  removing  sand  from  the  canal.  It 
has  a  bottom  width  of  24  ft.,  side  slopes  of  2  to  1,  and  is  designed  to 
carry  water  to  a  maximum  depth  of  5  ft.  It  has  an  embankment  on 
each  side  with  top  widths  of  10  ft.  and  crest  elevations  7  ft.  above  the 
bottom  of  the  channel. 

At  the  origin  of  this  waste  canal  there  is  a  double  structure  which 
effects  the  shutting  off  of  either  or  both  channels,  so  that  the  entire 
volume  of  water  may  be  conveyed  through  the  inlet  canal  to  the 
reservoir,  or  back  to  the  river  through  the  waste  channel,  as  may  be 

desired. 

In  this  structure  there  are  two  sets  of  regulating  gates,  one  across 
each  channel.  There  are  nine  gates  in  each  set,  each  gate  serving 
to  close  an  aperture  4  ft.  wide.  The  tops  of  the  gates  in  each  set  are 
at  the  same  elevation,  but  the  bottoms  of  those  for  the  waste  channel 
are  2  ft.  lower  than  those  for  the  inlet  canal.  The  latter  are  at  the 
same  elevation  as  the  grade  line  of  the  inlet  canal.  This  arrangement 
was  made  in  order  to  increase  the  gradient  in  the  first  mile  of  the  mlet 
canal  at  times  when  it  might  be  desired  to  sluice  sand  out  of  it.  At 
such  times,  the  cheek-gates  across  the  inlet  canal  will  be  closed,  and 
the  waste-gates  opened,  which  will  cause  an  increase  of  2  ft.  in  the 
effective  gradient  of  the  inlet  canal  from  the  river  to  this  point.    When 
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Fig.  5. — Toe-Wall  in  the  Forms. 


Fig.    6. —Side  View  of  Outlet  Works  from  the  Reservoir,  Showing 
Concrete  Protection  on  Face  of  Emba.vkmeiM. 
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FiG-    "■ — Rkar    View   of   Head-Gate   Structure,    Head   of    Inlet   Canal. 


Fm.  s. — Concrete  Culvert  or  Siphon  Conveying  Canal  Under  Outlet 
Canal  from  Reservoir. 
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the  sliiii'iiiy  oporatiuiLs  are  concluded,  the  waste-gates  will  be  closed 
and  the  check -gates  opened,  thus  restoring  the  normal  gradient  in  the 
inlet  canal. 

Structures  on  the  Inlet  Canal. — The  head-gate  at  the  origin  of  the 
inlet  canal  is  of  concrete,  reinforced  with  i-in.  square,  twisted,  steel 
bars,  and  is  founded  on  round  jiilos,  di'i\(Mi  12  ft.  into  the  ground.  It 
has  nine  4  by  9-ft.  apertures,  closed  by  steel  gates  operated  by  rising 
screw  stems,  2^  in.  in  diameter  at  tlie  root  of  the  thread.  The  gates 
are  raised  and  lowered  by  hand-wheels,  operating  on  steel  balls  running 
in  bronze  grooves. 

The  sides,  partitions,  and  floors  are  12  in.  thick,  and  are  reinforced 
with  i-in.  square,  twisted,  steel  bars,  in  horizontal  and  vertical  pairs, 
at  intervals  of  12  in.,  making  4  lin.  ft.  of  reinforcing  rod  to  each 
cubic  foot  of  concrete. 

The  double  structure  at  the  point  where  the  waste  canal  originates 
is  composed  of  two  parts,  each  in  all  essential  respects  similar  to  the 
head-gate  just  described,  except  that  the  heights  of  the  gates  differ, 
and  the  waste  structure  has  a  drop  of  3  ft.  beginning  a  short  distance 
behind  the  gates,  thus  combining  the  functions  of  a  waste-gate  and 
a  drop. 

There  are  four  concrete  drops  on  the  inlet  canal,  designed  for  the 
purpose  of  accommodating  it  to  the  fall  of  the  country  in  excess  of 
that  required  for  the  gradient  of  the  canal.  Three  of  these  lower 
the  grade  of  the  canal  by  3  ft.  each;  the  fourth  is  at  the  terminus 
of  the  inlet  canal,  where  it  enters  the  reservoir  basin,  and  consists 
of  two  successive  drops  of  5  ft. 

In  all  cases  these  drops  consist  of  reverse  circular  curves  in  vertical 
planes,  and  the  sides  of  the  structures  conform  to  the  section  of  the 
canal,  with  slopes  of  2  horizontal  to  1  vertical.  Each  has  five  cut-off 
walls  extending  below  the  floor  and  sides  to  depths  of  5  ft.  or  more. 
These  walls  rest  on  round  piles,  driven  12  ft.  into  the  ground.  The 
sides,  floors,  and  cut-off  walls  are  in  all  cases  12  in.  thick,  and  are 
reinforced  in  the  manner  described  for  the  head-gate  structure,  involv- 
ing 4  lin.  ft.  of  steel  rod  for  each  cubic  foot  of  concrete. 

There  are  nine  bridges  crossing  the  canals  of  this  system.  These 
are  all  steel  spans  on  concrete  abutments,  no  obstructions  being  per- 
mitted in  the  channels,  aside  from  the  partitions  in  the  head-gate  and 
bifurcation  structures,  which  could  not  be  avoided. 
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The  Outlet  Canal. — The  outlet  canal  from  the  reservoir  to  the  river 
is  2  miles  long.  Its  bottom  width  is  22  ft.,  its  side  slopes  are  2  hori- 
zontal to  1  vertical,  and  it  is  designed  to  convey  a  maximum  depth 
of  5  ft.  Its  embankments  are  10  ft.  vpide,  with  a  crest  elevation  of 
7  ft.  above  the  bottom  of  the  canal,  or  2  ft.  above  the  highest  proposed 
water. 

It  has  a  gradient  of  2  ft.  per  mile,  thios  inducing  a  theoretical 
velocity  of  3.1  ft.  per  sec.  when  running  at  full  capacity,  with  a  dis- 
charge of  about  525  cu.  ft.  per  sec. 

In  addition  to  a  concrete  rating  weir,  a  distribution  gate  for  de- 
livering water  to  the  South  Platte  Extension  Ditch,  and  two  concrete 
siphons  for  conveying  the  water  of  certain  lateral  ditches  from  the 
South  Platte  Ditch  under  its  channel,  there  are  only  two  important 
structures  on  this  line.  One  of  these  is  a  siphon  for  carrying  the 
waters  of  the  Sovith  Platte  Ditch  under  this  canal,  which  crosses  the 
line  of  the  latter;  the  other  is  a  5-ft.  drop,  similar  in  all  respects 
to  those  already  described. 

The  River  Diversion  Weir. — The  river  channel,  at  the  point  of 
diversion  of  the  inlet  canal,  has  a  width  of  about  1 500  ft.,  from 
bank  to  bank.  Only  about  400  ft.  of  this  distance,  however,  carries 
water  during  ordinary  stages  of  the  river.  The  remainder  consists 
of  low-lying  lands  traversed  by  minor  channels,  which  are  ordinarily 
dry,  but  are  submerged  and  carry  considerable  volumes  of  water  dur- 
ing flood  periods. 

The  diversion  weir  consists  of  two  structures  of  distinctly  dif- 
ferent types,  which  will  be  designated  as  Divisions  One  and  Two. 

Division  One  occupies  that  portion  of  the  river  bed  which  has  been 
described  as  the  channel  i^roper,  through  which  the  normal  flow  is 
discharged.  It  consists  of  a  framed  timber  structure  founded  on  four 
rows  of  round  piles  driven  12  ft.  into  the  sands  of  the  river  bed,  and 
two  rows  of  Wakefield  sheet-piling  designed  as  cut-off  diaphragms  for 
preventing  the  passage  of  water  under  the  structure.  Each  piece  of 
the  Wakefield  sheet-piling,  consists  of  three  pieces  of  2  by  12-in.  plank, 
12  ft.  long,  fastened  with  60-penny  wire  spikes,  in  the  form  of  a 
tongued  and  grooved  member. 

This  structure  has  on  its  top  a  movable  device  which  can  be  elevated 
or  depressed,  a.s  may  be  desired.     In  periods  of  very  high  water,  when 
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Fig.    9. — Three-Foot    Drop    in    Inlkt    Canal    to    Reservoir. 


Fig.    lu. — Diversion   Weik   i.\    liui-.u   al    Hi.ad  of    Inlkt   Canal. 
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the  adjoining  lands  would  be  in  danger  of  overflow,  it  is  intended  that 
this  movable  superstructure  will  be  depressed,  giving  a  larger  waterway 
for  the  passage  of  flood-waters.  At  other  times,  when  the  flow  is 
noniinl,  it  will  be  elevated,  raising  the  surface  to  the  elevation  of 
highei^t  water  in  the  canal. 

The  crest  of  the  fixed  structure  is  about  2 J  ft.  above  the  natural 
surface  of  the  river  channel  and  5  ft.  above  the  floor  of  the  head-gate 
of  the  inlet  canal,  the  latter  being  2J  ft.  below  the  natural  bed  of 
the  stream.  The  movable  device  permits  of  the  elevation  of  the  eflFective 
crest  by  2  ft. 

This  division  of  the  diversion  weir  is  provided  with  two  sluice- 
ways, regulated  with  flash-boards,  which  when  opened  permit  the  water 
in  front  of  the  weir  to  be  lowered  to  an  elevation  2  ft.  below  the  crest 
of  the  fixed  structure.  One  of  these  is  at  the  end  of  the  weir  next  to 
the  head-gate;  the  other  is  near  the  middle  of  the  portion  designated 
as  Division  One.  Each  is  30  ft.  wide  and  is  divided  into  six  5-ft. 
openings,  separated  by  steel  girder  diaphragms  designed  for  supporting 
flash-boards.     The  length  of  this  division  of  the  structure  is  435  ft. 

Division  Two  of  this  structure  occupies,  and  closes  permanently, 
that  part  of  the  channel  which  in  ordinary  stages  of  the  river  is 
practically  without  water.  It  consists  essentially  of  an  earthen  fill, 
20  ft.  wide  on  top,  with  2  to  1  side-slopes,  and  protected  on  the  up- 
stream side  with  concrete  in  the  same  manner  as  the  reservoir  em- 
bankment, except  tha,t,  in  this  case,  there  is  no  vertical  parapet  wall 
at  the  top  of  the  protection. 

For  the  purpose  of  preventing  the  passage  of  water  through  the 
sands  of  the  river  bed  under  this  embankment,  a  line  of  Wakefield 
sheet-piling  14  ft.  long  was  driven  along  its  center  line  from  one 
end  to  the  other.  This  sheeting  was  driven  to  depths  varying  from 
10  to  12  ft.,  and  its  upper  ends  project  above  the  surface,  to  heights 
varying  from  2  to  4  ft.,  and  thus  extend  into  the  embankment. 

Tlie  total  length  of  this  structure  is  980  ft.  Its  connection  with 
Division  One  is  effected  by  a  concrete  wall  which  rests  on  piles  and 
is  buttressed  on  the  side  in  contact  with  the  earthen  structure.  The 
elevation  of  the  top  of  this  structure  is  7  ft.  above  the  fijced  crest  of 
Division  One,  or  5  ft.  above  the  top  of  the  movable  superstructure 
thereof  when  the  latter  is  erected. 
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General  Comments. 

It  is  not  claimed  for  this  proposition  that  it  embodies  any  remark- 
able or  unique  features  of  unusual  interest  or  superiority.  The  basin 
itself  is  by  no  means  typical,  its  are^  being  out  of  proportion  to  its 
depth.  It  occupies  a  site  which  is  very  sandy,  and  it  is  expected  that 
much  water  will  be  lost  by  percolation  and  seepage  during  the  early 
years  of  its  operation. 

Its  unusual  extent  of  embankment  (3^  miles  in  length),  constructed 
almost  entirely  of  fine  sand,  and  founded  on  the  same  material, 
carries  with  it  a  definite  liability  which  cannot  be  entirely  ignored, 
even  though  the  danger  does  not  appear  to  be  imminent. 

In  its  extremely  short  inlet  pf  5  miles,  and  its  outlet  to  the 
river  of  2  miles,  both  constructed  through  a  comparatively  level 
country  involving  no  physical  problems  of  difficulty,  it  has,  however, 
a  natural  advantage  which  is  not  found,  to  a  like  degree,  in  any  similar 
proposition  in  the   South  Platte  Valley. 

The  feature  of  merit  which  is  claimed  for  this  proposition,  as  dis- 
tinguishing it  from  most  others  heretofore  developed  by  private  en- 
terprise in  this  region,  is  the  substantial  and  permanent  character 
of  its  structures. 

Aside  from  the  diversion  weir  across  the  river  at  the  origin  of 
the  inlet  canal,  there  is  not  a  structure  in  the  work  which  is  not  exe- 
cuted substantially  of  reinforced  concrete  or  steel. 

All  those  structures  have  been  built  under  specifications  which  were 
more  than  ordinarily  exacting,  and  the  work  has  been  executed  in  more 
definite  conformity  to  the  specifications  than  has  been  customary  in 
most  developments  of  this  character. 

With  reference  to  the  probable  permanence  and  effectiveness  of 
the  works,  there  appear  to  be  no  reasonable  grounds  for  apprehension, 
aside  from  the  uncertainty  that  must  be  faced  as  to  the  possibility  of 
protecting  effectually  an  earthen  embankment  of  friable  material 
against  the  destructive  effects  of  wave  action  during  the  high  winds 
which  frequently  prevail  in  the  plains  regions  during  the  spring. 

In  the  writer's  opinion,  absolute  safety,  under  these  circumstances, 
cannot  be  predicated  of  an  earthen  embankment  constructed  of  material 
readily  responsive  to  erosion,  the  protection  of  which  depends  merely 
on  a  sheathing  of  concrete  covering  a  material  which,  in  itself,  has 
no  power  of  resistance  against  the  erosive  action  of  moving  water. 
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Though  tlie  concrete  protection  here  under  consideration  has  been 
executed  more  effectively  than  can  be  claimed  for  most  works  of  this 
character  with  which  the  writer  is  acquainted,  and  though  its  design 
embodies  every  precaution  that  he  was  able  to  devise,  within  the 
limits  of  expense  that  could  be  borne  by  the  enterprise,  he  cannot  escape 
the  conviction  that  definite  uncertainty  exists  as  to  the  entire  eiBciency 
of  this  and  other  works  of  like  character,  created  with  the  same  end 
in  view. 

The  developiAent  of  this  proposition  involved  the  placing  of  16  700 
cu.  yd.  of  concrete,  in  the  composition  of  which  121000  sacks  of 
cement,  and  660  tons  of  reinforcing  steel  were  used.  In  addition  to 
the  reinforcing  steel,  about  90  tons  of  structural  steel  were  used 
in  building  the  structures,  exclusive  of  the  nine  steel  bridges  crossing 
the  different  canals.  The  total  expenditure  was  somewhat  less  than 
$700  000. 
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The  determination  of  the  magnitude  of  the  maximum  flood  that 
may  be  expected  to  occur  on  a  river  is  of  importance  in  many  prob- 
lems connected  with  engineering  works.  The  problem  is  a  complex 
one  because  floods  are  produced  by  combinations  of  a  large  number 
of  conditions,  many  of  which  are  themselves  variable  quantities. 

Floods  which  have  occurred  on  some  rivers  have  been  greatly  in 
excess  of  others  on  the  same  river.  These  great  floods  come  rarely  on 
any  one  river,  but  an  extraordinary  flood  occurs  on  some  river  every 
year.  A  study  of  their  past  frequency  gives  the  best  indication  of 
wliat  may  be  expected  in  the  future. 

The  object  of  this  paper  is :  1st,  to  present  a  study  of  the  fre- 
quency of  floods;  2d,  to  show  the  relation  between  the  catchment 
area  and  the  magnitude  of  the  flood;  and  .3d,  to  present  formulas 
and  tables  to  serve  as  an  aid  to  judgment  in  estimating  the  probable 
maximum  flood  to  be  expected  on  a  river. 

Formulas  for  problems  of  this  nature  should  be  considered  only 
as  convenient  and  simple  means  of  expressing  the  data.  They  serve 
as  a  framework  on  which  to  arrange  the  data  in  an  orderly  manner, 
so  that  they  can  be  better  understood  and  more  readily  used.  The 
formulas  are  of  value  only  when  accompanied  by  clear  and  concise 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
♦  This  meeting  will  be  held  at  New  Orleans.  La. 
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tablpp  of  data.  The  tables  here  presented  contain  coefficients  deduced 
from  the  data  for  many  streams.  These  coefficients  show  the  flood- 
producing:  capacity  of  the  streams.  Coefficients  are  given  for  streams 
in  various  parts  of  the  country,  and  should  prove  of  service  in  select- 
ing coefficients  for  others  for  which  local  data  are  not  available. 

The  conditions  which  produce  or  affect  floods  may  be  divided  into 
two  classes :  First,  those  which  relate  to  one  stream  and  tend  to  make 
all  floods  on  it  greater  or  less  than  on  others;  and  second,  those  which 
are  general  in  their  effect,  as  far  as  area  is  concerned,  but  are  variable 
in  time,  tending  to  produce  floods  of  various  magnitudes  from  time 
to  time. 

In  the  first  class  may  be  included  the  following:  The  prevailing 
conditions  of  rainfall;  the  size,  shape,  and  slope  of  the  catchment  area; 
the  character  of  the  soil  and  vegetation  on  the  catchment  area;  the 
physical  characteristics  of  the  stream  channel;  the  storage  capacity 
in  reservoirs,  and  many  other  physical  characteristics  of  the  catch- 
ment area  and  the  stream  itself.  Some  of  these  characteristics  may 
be  changed  in  time  by  the  action  of  the  elements  or  by  the  works  of 
man.  otherwise,  their  effect  on  floods  may  be  considered  as  constant. 

In  the  second  class  may  be  included  the  following:  The  rate  of 
rainfall;  the  snow  conditions;  the  temperature  conditions;  the  quan- 
tity of  water  stored  in  reservoirs,  lakes,  and  ground  at  the  time  the 
flood  occurs;  the  velocity  and  direction  of  the  storm;  the  formation 
of  ice  dams  or  other  temporary  obstructions  in  the  river;  and  the 
many  other  elements  which  cause  one  flood  to  differ  from  another  on 
the  same  stream. 

No  two  floods  are  exactly  alike.  Two  storms  of  like  intensity, 
velocity,  and  direction  passing  over  a  catchment  area  may  produce 
different  floods.  One  coming  at  a  time  when  the  water  in  the  ground 
and  in  the  lakes  and  reservoirs  is  low  may  produce  only  a  moderate 
flood.  A  second,  coming  at  a  time  when  the  lakes,  reservoirs,  and 
ground  are  filled,  may  produce  a  large  flood;  or,  if  the  second  occurs 
in  conjunction  with  high  temperature,  when  there  is  a  large  (piantity 
of  snow  on  the  wa.ter-shed,  a  very  large  flood  may  occur. 

When  the  great  variety  of  conditions  which  affect  each  flood  is 
considered,  it  will  be  seen  that  the  number  of  combinations  which  may 
occur  is  infinite.  When  many  conditions  tending  to  large  floods  occur 
coincidently    with    great    rainfall,    extraordinary    floods    are    produced. 
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Tlie  cliances  of  such  a  coiiK-idi'iice  may  be  considered  eciual  for  diifer- 
oiit  str(>ains.  Clearly,  the  study  of  the  effect  of  elements  of  this  class 
is  one  in  probabilities. 

A  study  based  solely  on  the  larger  floods  would  be  misleading,  as 
a  flood  of  a  size  which  would  be  ordinary  on  one  stream  may  be  ex- 
traordinary on  another  stream.  It  is  essential,  tlien,  to  study  each 
river  separately,  and  to  establish  some  standard  which  represents  a 
normal  flood  on  that  river  before  the  study  of  the  probability  of  the 
occum'nce  of  extraorilinary  floods  is  undertaken. 

The  standard  seli'cted  for  this  use  in  this  paper  is  the  average 
yearly  flood.  By  using  this  average  flood,  the  effect  of  the  variable 
elements  is  neutralized  to  a  large  extent,  so  that  a  direct  comparison 
of  one  river  with  another  is  possible.  Also,  a  comparison  of  the 
larger  floods  with  the  average  flood  on  the  same  stream  gives  a  means 
of  determining  the  frequency  with  which  the  former  occur. 

To  give  a  clearer  idea  of  the  scope  of  the  paper  and  of  the  methods 
used,  a  few  definitions,  a  summary  of  the  more  important  conclusions, 
and  a  statement  of  the  formulas  ])ropo«cd  are  here  given. 

Unil  of  Flood  Measvremet^ts. — All  (luantities  of  flood  flow  are  stated 
in  cubic  feet  per  second. 

Tirenty-foiir-Hour  Average  Flood. — Unless  otherwise  stated,  all 
floods  are  on  the  basis  of  the  average  rate  of  flow  for  24  consecutive 
hours.  Most  of  the  data  available  are  on  this  basis,  which  is  the  stand- 
ard use^l  in  publications  of  the  United  States  Geological  Survey. 

}faximvm  Rate  of  Flood. — As  in  many  engineering  problems  it  is 
important  to  know  the  nuiximum  rate  of  flow  of  the  flood,  a  separate 
study  is  made  to  show  the  relation  between  the  maximum  rate  of  flow 
and  the  24-hour  average  rate  of  flow. 

Yearhi  Average  Flood. — The  yearly  a.verage  flood  of  a  stream  is 
obtained  by  selecting  the  maximum  24-hour  average  flood  for  each 
year  and  taking  the  average  of  these  floods. 

Frequency  of  Occmrence  of  Floods. — By  frequency  is  meant  tlie 
probable  time  interval,  in  years,  between  the  occurrence  of  floods  of 
approximately  the  same  magnitude.  « 

Xomenclature. — 
Q  =  the  greatest  average  rate  of  flow  for  24  consecutive 

hours  during  a  period  of  years,  in  cubic  feet  per 
second ; 
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Q   (Max.)  =  the  maximum  rate  of  discharge  of  a  flood,  in  cubic 

feet  per  second; 
Q   (Ave.)    =  the  average  yearly  flood,   in  cubic  feet  per  second; 
T  =  the  number  of  years  in  the  period  considered; 

A  =  the  catchment   area   of  the   river,   in   square  miles ; 

C  =  a  coefficient  which  is  constant  for  the  river  at  the 

point  of  observation. 
Formula  Proposed,  as  Ohtained  hy  Plottings  of  the  Existing  Data 
on  American  Rivers. — 

Q  =   C  A^-^  (1  +  0.8  log.    T),  in  which   (.>  is  the  largest  •24-hour 

average  rate  of  flow  to  be  expected  in  a  period  of  T  years. 
Q  (Max.)  —  Q  (I  -{-  2  J.-"-^)  in  which  Q  (Max.)  is  the  maximum 
rate  of  flow  to  be  expected  under  the  same  conditions. 

Summary  of  Conclusions. 

(1)  Though  flood  flows  on  different  rivers  vary  grea.tly,  some  of 
the  characteristics  of  the  rivers  affect  the  floods  in  substantially  the 
same  manner  throughout  the  country;  and  expressions  may  be  derived 
which  show  these  effects. 

(2)  The  effect  of  the  size  of  the  catchment  area  on  the  flood  flows 
throughout  the  country  is  much  the  same;  and  this  relation  between 
the  size  of  the  catchment  area  and  the  size  of  the  average  yearly  flood 
may  be  represented  approxiinately  by  the  expression, 

Q  (Ave.)  =  C  A*^-^ 
such  being  true  only  in  the  case  of  the  24-hour  average  rate  of  flow 
of  the  floods. 

(3)  The  relation  between  the  maximum  rate  of  flood  flow  on  a 
stream  in  a  period  of  years,  and  the  maximum  ra.te  of  flow  for  24  hours 
during  the  same  period,  may  be  represented  approximately  by  the 
expression, 

Q  (Max.)  =  Q   (l    -^  -J3)  =  Q  (1  +  2  .1^°-'). 

Table  1  gives  the  relative  size  for  the  maximum  rate  and  the  24-hour 
average  rate  for  different  catchment  areas,  according  to  this  relation. 

(4)  On  streams  throughout  the  country,  floods  which  are  a  certain 
ratio  of  the  average  yearly  flood  occur  with  much  the  same  frequency, 
and,  on  the  average,  the  probable  maximum  flood  in  a  period  of  years 
may  be  represented  by  the  expression, 

Q  ^  Q  (Ave.)  (1  +  0.8  log.  T). 
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TAULE  1. — Kki..\tiox   liiiTWiciiX   M.wimlm  Flood  .\xd  Aveuage 

24-Hour  Flood. 

Q  (Max.)  =  Q  (1  +  2  A-^-^). 


rntchnient  area, 
in  s(iuare  miles. 

Ratio  of  maximum 
flood  to  average 
24-hour  flood. 

(2) 

Catchment  area, 
in  square  miles. 

(I) 

Ratio  of  maximum 

flood  to  avei-asie 

24-hour  flood. 

<2) 

0.1 

1.0 
5.0 
10 
50 
100 

5.0 

3.0 

2.28 

2.0 

1.02 

1.5 

500 

1000 

5  000 

10  000 

50  000 

100  000 

1.31 
1.25 
1.15 
1.12 
1.08 
1.06 

Table  2  gives  the  relative  size  of  flood  which  may  be  expected  in 
periods  of  years,  according  to  the  foregoing  relation. 

TABLE  2. — Relatiox  Between  Flood  to  be  Expected  in  a  Series  of 

Years  and  the  Average  Yearly  Flood. 

Q=  Q  (Ave.)  (1  +  0.8  log.  T). 


Time, 

m  years. 
(1) 

Ratio  of  largest 

flood  to  average 

yearly  flood. 

(2' 

i 

1 

Time,  in  years. 

11) 

Ratio  of  largest 

flood  to  average 

yearly  flood. 

(2) 

1 

5 

10 

25 

1.00 
1.56 
1.80 
2.12 

50 

100 

500 

1000 

2.36 
2.60 
3.16 
3.40 

(5)  Coefficients  may  be  obtained  for  streams  by  utilizing  the  fore- 
going relations  to  discount  the  effect  of  the  length  of  period  of  observa- 
tion and  tho  size  of  the  catchment  area;  these  coefficients  will  serve 
as  a  gauge  for  the  flood-producing  capacity  of  the  streams;  and  the 
difference  in  value  of  these  coefficients  is  caused  by  the  various  physi- 
cal characteristics  of  the  river  and  its  catchment  area,  such  as  storage, 
soil  conditions,  etc.,  and  by  the  difference  in  the  prevailing  rainfall 
conditions. 

Data. — The  data  available  for  a  study  on  flood  flows  consist  of  rec- 
ords of  floods  on  many  streams  covering  periods  of  a  comparatively 
few  years,  of  a  few  continuous  records  for  long  jieriods,  and  of  many 
scattered  data  of  single  great  floods.  In  recent  years,  the  IT.  S.  Geo- 
logical Survey  has  obtained  observations  on  a  large  number  of  streams, 
either  by  its  own  observers  or  in  conjunction  with  interested  parties. 
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The  Survey  has  also  collected  many  data  fi'oni  old  records.  Many 
State  commissions  or  officers  have  collected  and  published  data.  Some 
of  the  best  records  are  those  kept  by  water-power  or  manufacturing 
corporations. 

Records  of  the  same  floods,  as  quoted  in  different  reports  and  books, 
vary  frequently.  It  has  been  possible  sometimes  to  follow  these  rec- 
ords to  their  original  source  and  obtain  the  most  probable  value,  but 
undoubtedly  many  inaccuracies  exist.  It  is  believed,  however,  that 
in  the  main  the  data  may  be  considered  as  sufficiently  reliable  to  form 
a  basis  for  a  .study  of  this  character.  At  all  events,  it  is  the  best  avail- 
able at  the  present  time.  It  is  very  fortunate  that  there  are  a  few 
records  which  are  both  accurate  and  comjilete,  and  cover  periods  of 
sufficient  length  to  make  them  of  great  value.  These  observations  have 
been  made  by  those  who  appreciated  the  value  of  such  records,  and  to 
whom  accuracy  was  of  the  first  importance. 

The  estimates  that  have  been  made  of  flow  during  great  floods  on 
rivers  where  regular  gaugings  have  not  been  made  are  of  considerable 
value  as  a  cheek  on  the  frequency  of  occurrence,  although  many  of 
these  estimates  are  only  rough  approximations,  as  an  adequate  basis 
for  estimate  is  rarely  at  hand,  especially  after  the  event. 

There  are  probably  in  existence  many  other  data.  The  writer  has 
used  all  that  he  ha.s  at  hand,  the  accuracy  of  which  was  not 
questionable. 

The  method  of  rating  rivers  which  is  used  in  this  paper,  involving  as 
it  does  simply  the  observation  of  the  single  largest  flood  in  each  year, 
makes  it  possible  to  rate  a  large  number.  An  approximate  value  for 
the  average  flood,  and  for  the  coefficient,  C,  may  be  obtained  from  only 
5  or  6  years'  continuous  records. 

Effect  of  the  Size  of  the  Catchment  Area. — The  effect  of  tlie  size 
of  the  catchment  area  on  flood  flows  is  first  studied  for  24-hour  average 
floods.  The  method  used  is  to  compare  the  average  yearly  floods  for 
different  rivers.  The  use  of  these  floods,  though  it  eliminates  the 
effect  of  the  variable  conditions  involving  time,  docs  not  in  any  way 
eliminate  the  effect  of  the  constant  factors,  such  as  prevailing  rain- 
fall conditions,  soil  conditions,  slope,  storage,  etc.  These  latter  factors 
are  of  such  importance  that  floods  on  streams  in  one  section  of  the 
country  may  be  many  times  larger  than  those  on  streams  of  similar 
size  in  another  section  ;  and,  even   in  the  same  section,  wide  variation 
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may  occur  on  streams  of  about  the  same  size.  In  order  to  make 
a  comparison  wliich  will  show  the  effect  of  the  size  of  the  catchnjent 
areas,  the  streams  must  be  grouped  in  such  a  way  that  the  effect 
of  these  constant  factors  will  be  similar.  There  are  so  many  of  these 
factors  that  no  grouping  can  be  arranged  that  will  make  all  of  them 
even  approximately  equal.  On  the  whole,  it  seems  best  to  subdivide 
I  lie  countiy  into  sections  which  will  have  similar  conditions  as  to  rain- 
fall and  climate,  and  to  rely  on  the  average  of  a  large  number 
of  blreams  to  eliminate  the  effect  of  the  remaining  factors.  For  this 
purpose  the  following  subdivision  by  the  U.  S.  Geological  Survey  may 
serve  as  well  as  any  other: 

N'ew  England  States, 
Hudson  River  Basin, 
Middle  Atlantic  States, 
South  Atlantic  States, 
Ohio  liiver  Basin. 

St.  Lawrence  River  Basin, 

Hudson  Bay, 

Upper  Mississippi  River  Basin, 

Missouri  River  Basin, 

Lower  Mississippi  River  Basin. 

Western  Gulf  of  Mexico, 
Colorado  River  Basin, 
Great  Basin, 
Southern  Pacific  Coast, 
Xorthern  Pacific  Coast. 

Tables  12  to  26  contain  data  on  the  average  j^early  floods  for  the 
rivers.  The  data  from  these  tables  are  plotted  on  Plates  LXVII, 
LXVllI,  and  LXIX. 

The  rivers  in  some  of  the.se  divisions  are  so  much  alike  in  their 
characteristics   that  they  have  been  plotted  on   the   same   diagram   as 

follows: 

r  Xew  England  States,  Hudson  River  Basin,  Middle 
Atlantic  States,  and  South  Atlantic  States. 
Plate   LXVII      J      (a)   Ohio  River  Basin. 

I      (/j)   St.  Lawrence  River    I!a<in   and  Upper  Missis- 

I  sippi  River  Basin. 
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r    Missouri  River  Basin  and  Lower  Mississippi  River 
P^te  LXVIII    \  Basin. 

I     Western  Gulf  of  Mexico  and  Colorado  River  Basin. 
Plate  LXIX  Northern  Pacific  Coast  and  Southern  Pacific  Coast. 

The  rivers  of  the  Great  Basin  and  Hudson  Bay  vary  so  widely  in 
their  flood  flows  that  no  plottings  have  been  made. 

A  study  of  these  diagrams,  which  are  on  logarithmic  scales,  shows 
that,  though  the  plottings  cover  zones  of  considerable  width,  the  gen- 
eral slope  of  these  zones  is  definite,  and  may  be  represented  by  the 
lines  drawn.  The  data  for  the  rivers  on  the  Eastern  Coast  are  the 
best,  and  the  diagram  for  them  shows  the  relation  well.  The  slope 
of  these  lines  is  0.8,  so  that  it  may  be  stated  that  the  average  rate  of 
flood  flow  during  24  hours  varies  as  the  0.8  power  of  the  catchment 
area,  or  Q  (Ave.)  =  C  A^-^- 

The  plotting  for  the  Lower  Mississippi  and  Missouri  Rivers  would 
indicate  a  slope  of  less  than  0.8.  An  examination  of  the  characteristics 
of  the  rivers  on  these  basins,  however,  shows  that  the  smaller  ones 
are  mainly  mountain  streams,  and  the  larger  ones  flow  through  flat 
country.  There  is,  therefore,  an  unbalanced  element  of  difference  in 
the  data  which  may  account  for  the  apparent  difference  in  the  results. 

The  general  indications  do  not  justify  any  change  in  the  value  of 
the  exponent  for  different  sections;  and  though  the  data  for  some 
sections  are  not  as  sa.tisfactory  as  for  others,  it  is  believed  that  this 
relation  holds  generally  throughout  the  country. 

All  the  plottings  made  on  these  diagrams  are  for  a  24-hour  average 
flow,  and  the  formula,  Q  (Ave.)  =  C  J."*^,  holds  for  sucli  only.  In 
this  it  differs  from  some  other  formulas  proposed,  and  should  not  be 
compared  with  them. 

Maximum  Bate  of  Flood. — For  all  floods  the  maximum  rate  of  flow 
will  exceed  the  a.verage  for  24  hours.  For  the  larger  streams  the  rate 
of  run-off  will  be  of  considerable  magnitude  for  at  least  24  hours,  and 
for  small  streams  a  cloud-burst  may  cause  a  flood  which  will  run  off 
in  a  few  hours,  giving  a  large  maximum  rate  with  only  a  moderate 
24-hour  average  rate.  We  should  expect  then  that  the  maximum  rate 
of  flood,  as  compared  with  the  average  rate  for  24  hours,  will  be  greater 
for  small  than  for  large  rivers. 

There  are  not  sufficient  data  a.va liable  to  admit  of  a  satisfactory 
independent  study  of  the  maximum  rates  in  comparison  with  the  sizes 
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of  the  catchment  areas.  It  seems  best,  therefore,  to  study  the  rela- 
tion between  the  maximum  rate  of  flow  and  the  24-hour  rate  of  flow. 
We  are  interested  more  particularly  in  the  maximum  rate  of  the  great 
floods;.  That  is,  we  want  to  ascertain  the  probable  maximum  rate  of 
Hood  which  is  likely  to  occur  in  a  Iour-  period.  The  greatest  maximum 
rate  of  flood  during  a  period  of  years  does  not  necessarily  occur  during 
tlio  same  flood  that  gives  the  maximum  24-hour  flood.  The  larger  of 
the  24-hour  floods  are  usually  produced  by  storms  of  considerable  dura- 
tion, so  tliat  the  relative  excess  of  the  maximum  rate  over  the  24-hour 
average  rate  will  not  be  so  great  for  the  large  24-hour  floods  as  it  will 
be  for  smaller  24-hour  floods.  In  Table  3  is  shown  the  rivers  for  which 
both  the  maximum  and  the  average  24-hour  rates  were  obtained.  In 
some  cases  these  represent  different  floods,  but  generally  they  repre- 

TABLE  3. — Eelation  Between  Maximum  Bate  of  Flow  and  24-Hour 
Average  Rate  of  Flow  fob  Certain  Floods. 


Name  of  river. 
(1) 

Catchment 

area,  in 

square  miles. 

(2) 

Rate  of  Flood  Flow,  in 
Cubic  Feet  per  Second. 

Ratio, 
maximum 
to  average. 

(5) 

Ratio  of 
excess  of 
maximum 

Maximum. 

(3^ 

Average  for 
24  hours. 

(4) 

average 

to  the 

average. 

(6) 

Sylvan  Glen 

1.18 
3.4 

13 

102 

139 

144 

152 

190.5 

286 

823 

1070 
1  100 
1237 

1.306 

3  250 

3  4<J0 

4  270 

4  638 

6  600 

7  300 

8  700 
24  0:i0 
26  766 
58  530 

.337 

66.8 

372 

3;i7 

f      1  123 

J      2  379 

]     2  8:^6 

I      2  171 

14  1(!0 

19  000 

4  170 
17  600 

5  670 
22  200 

(    35  000 

■|    25  000 

42  000 

25  700 

:i8  500 

I    28.500 

<    28.500 

{    27  220 

6  270 
130  000 
156  000 
1.56  800 

90  000 
96  700 
309  900 
240  900 
7(10  000 
691  000 
228  500 

87 
39.6 
250 
183 
434 
788 
672 
628 

8  650 

9  012 
3  855 
8  769 
3  800 

18100 
28  000 

21  400 
33  170 
21400 
.33  900 
23  250 
25  250 

22  560 
5  941 

104  600 
151  000 
127  000 
74  000 
76  300 
270.500 
231600 
590  000 
352  900 
221000 

3.87 
1.67 
1.48 
1.84 
2.601 

lfM.08 

3.45J 

1.63 

2.10 

1.08 

2.01 

1.47 

1.22 

1.25  (,  ^, 

1.18  (  ^-l 

1.27 

1.20 

1.14 

1.22  1 

1.13 '-1.19 

1.20  i 

1.05 

1.24 

1.04 

1.23 

1.22 

1.26 

1.12 

1.04 

1.19 

1.90 

1.04 

2.87 

Starch  Factory 

0.67 
1.48 

Fomer  (average  of  4  lar-  / 
gest  floods) S 

2.08 
0.63 

Ne.shanainy 

Oriskany 

Perkiomen 

1.10 
0.08 
1.01 

0.47 

I^seatacjuis 

Passaic 

Genesee 

0.22 

0.21 

0.27 
0.20 

Osage 

0.14 

Mohawk  (average   of   3( 
floods) C 

Belle  Fourche 

0.19 
0.05 

Yadkin 

0.24 

Kennebec 

0.04 

Merrimac 

0.23 
0.22 

Penobscot 

0.20 

Savannah 

0.12 

Alletjhenv 

0.04 

Susquehanna 

0.19 

Susquehanna  (ice  dam)... 
Kansas 

0.90 
0.04 
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sent  the  same  one.  These  are  mainly  large  tlcHids,  but  do  not  neces- 
sarily represent  the  maximum  flood  on  the  river.  It  is  probable  that 
the  relation,  as  obtained  by  the  average  of  the  data  in  Table  3,  repre- 
sents one  large  enough  for  use  in  obtaining  the  probable  maximum 
rate  to  be  expected  in  a  considerable  term  of  years,  although  some 
smaller  floods  may  have  a  much  greater  excess  of  maximum  rate  over 
the  24-hour  average  rate. 

The  method  of  obtaining  the  relation  betvpeen  the  two  rates  of  flow 
is  shown  on  Table  3  and  on  Plate  LXX.  The  ratio  of  the  excess  of  the 
maximum  rate  of  flood  over  the  24-hour  average  rate  to  the  average 
rate  is  plotted  to  a  logarithmic  scale  in  relation  to  the  catchment  area, 
and  an  a,verage  curve  is  drawn.  From  this  curve  may  be  obtained  the 
relation : 

Q  (Max.)  -  Q  ^  2  ^^_o.3  or  Q  (Max.)  =  (?  (1  +  2  A'^-^). 
Q 

This  should  be  considered  only  as  an  approximate  average  relation, 
from  which  considerable  deviations  in  particular  cases  are  to  be 
expected. 

The  great  rate  of  flood  on  the  Susquehanna  which  is  shown  on  the 
diagram  was  due  to  an  ice  jam,  and  may  be  considered  as  a  rare  occur- 
rence. It  should  perhaps  be  considered  as  a  matter  of  frequency  of 
flood  flow^  rather  than  as  a  relation  between  the  maximum  rate  and 
the  24-hour  average  rate.  That  is,  such  an  occurrence  comes  probably 
only  in  a  long  period  of  time,  and  during  that  period  larger  24-hour 
average  floods  than  the  one  given  for  this  flood  would  normally  occur, 
so  that  the  relation  between  the  two  rates  in  a  considerable  period 
of  years  would  be  less  than  is  indicated  by  this  pai'ticular  flood.  Fre- 
quently, the  ice  dam,  though  it  would  cause  a  great  flood  immediately 
below  the  dam,  would  not  increase  to  a  like  extent  the  flood  some  dis- 
tance farther  down  stream,  as  the  temporary  storage  along  the  river 
and  in  ponds  and  lakes  will  take  up  the  water  let  loose  by  it  and 
equalize  the  flow. 

Frequency  of  Occurrence  of  Floods. — If  the  data  for  all  the  floods 
that  have  occvirred  in  a  single  river  for  several  hundred  years  were 
available,  a  relation  could  be  established  showing  the  average  fre- 
(piency  with  which  floods  of  any  size  occur.  As  such  data  are  not 
available,  it  becomes  necessary,  in  order  to  establish  the  frequency 
relation,  to   utilize  data  for  shorter  periods  on  many  rivers.     Special 
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studies  were  mn(le  to  see  it"  this  relation  was  similar  for  different 
rivers.  Althougrh  considerable  variation  occurred  for  the  shorter-term 
records,  these  studies  showed  clearly  that  a  general  law  could  be  estab- 
lished. In  Tables  12  to  26,  the  larger  floods  on  many  different  rivers 
are  compared  by  using  the  proposed  formula  for  frequency.  An  in- 
spection of  these  tables  shows  that  the  values  of  the  coefficient  thus 
obtained  are.  in  most  cases,  reasonably  constant,  and  are  similar  to 
the  values  obtained  by  comparison  with  the  average  yearly  flood,  thus 
indicating  that  the  frequency  relation  holds  for  the  different  rivers. 

As  rivers  follow  the  same  general  law,  it  is  allowable  to  use  the 
data  on  all  the  rivers  in  the  same  way  as  those  on  a  single  river,  pro- 
vided such  data  can  be  put  on  a  common  basis.  The  use  of  the  yearly 
average  flood  affords  a  means  of  doing  this.  If  the  same  law  holds, 
the  ratio  of  the  larger  floods  to  the  yearly  average  floods  should  be  the 
same  for  all  rivers  for  the  same  period  of  time.  The  method  of  com- 
paring the  data  and  obtaining  the  frequency  is  explained  in  detail  later. 

As  most  of  the  data  were  obtained  during  the  last  10  or  20  years, 
objections  to  this  method  of  analysis  may  be  raised  on  the  score  that 
weather  conditions  may  have  been  different  during  other  periods  in 
the  past,  or  may  be  different  in  the  future.  Certainly,  if  weather  con- 
ditions throughout  the  country  were  subject  to  permanent  changes,  this 
objection  would  be  well  taken.  There  is  no  evidence,  however,  that 
this  is  so.  The  rivers  considered  are  distributed  throughout  the  United 
States,  so  that  local  conditions  should  not  affect  the  results.  We  know 
that  a  dry  season  in  one  section  of  the  country  may  occur  during  the 
same  year  as  a  wet  season  in  another  section.  We  also  know  that 
storms  which  cause  great  floods  on  small  streams  may  cause  only 
moderate  floods  on  larger  streams,  and  vice  versa.  Considering  these 
facts,  the  diversity  of  the  conditions,  and  the  large  area  over  which 
the  rivers  are  di.stributed,  it  seems  that  periods  of  10  years  or  more 
give  a  fair  average  of  the  conditions  which  have  existed  in  the  past 
and  will  probably  exist  in  the  future. 

As  a  check  on  this  frequency  relation  we  have  long-term  records 
for  a  few  rivers,  which  show  that  the  relation  holds  approximately  for 
these  rivers.  A  few  of  these  records  cover  a  century.  A  further  check 
is  given  by  the  lower  diagram  on  Plate  LXIX,  on  which  the  greatest 
floods  of  the  century  are  plotted,  showing  a  close  relation  to  the  pro- 
posed formula. 
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Method  of  Determining  the  Frequency. — As  there  is  some  choice 
as  to  the  flood  to  be  selected  in  the  study  for  frequency,  some  matters 
involving  the  general  method  which  has  been  followed  are  here  given. 

If  we  are  given  a  record  of  floods  for  a  series  of  years,  we  may 
divide  it  into  a  number  of  equal  periods  of  time.  Taken  independ- 
ently, the  maximum  flood  in  each  period  might  be  said  to  represent 
the  probable  flood  to  be  obtained  in  that  period.  These  maximima 
floods,  however,  will  vary,  and  we  may  select  the  most  probable  maxi- 
mum flood  which  will  occur  in  a  given  period  by  any  of  the  following 
methods. 

First,  the  average  of  these  maximum  floods,  which  may  be  called 
the  average  maximum  flood  to  be  expected  in  this  period  of  time; 
second,  the  one  of  these  maximum  floods  for  which  there  is  one  greater 
for  each  one  less,  which  may  be  called  the  median  maximum  flood  to 
be  expected  in  the  period  of  time;  third,  the  smallest  of  these  maxi- 
mum floods,  which  may  be  considered  as  the  fliDod  that  should  be 
equalled  or  exceeded  in  the  period  of  time. 

As  the  yearly  floods  considered  range  from  a  fraction  of  the  aver- 
age to  several  times  this  average,  it  may  be  readily  seen  that  there 
will  probably  be  more  floods  of  less  than,  than  there  will  be  of  more 
than,  the  average.  The  average  of  the  maximum  floods,  then,  will 
exceed  the  median  flood.  It  is  a  question  which  of  these  two  floods 
better  represents  the  requirements.  The  average  flood  is  more  easily 
obtained  and  is  more  accurate,  particularly  for  short-term  records. 
It  is  larger,  thus  leading  to  safe  design.  As  the  study  is  based  on  the 
average  yearly  floods,  it  seems  better  to  continue  the  method  and  use 
the  average  maximum  flood.  The  relation  between  the  foregoing  differ- 
ent floods  seems  to  be  constant,  as  is  shown  in  the  detailed  method 
given  later.  It  may  be  stated  that  it  would  have  been  possible  to  have 
used  the  median  flood  from  the  start,  to  have  selected  the  median  yearly 
flood,  and  to  have  made  the  study  on  that  basis.  It  is  believed,  how- 
ever, that,  on  the  whole,  the  average  flood  method  is  the  better. 

It  should  be  noted  that  the  results  are  also  affected  by  two  other 
matters.  First,  only  the  single  largest  flood  in  each  year  is  used.  This 
eliminates  all  the  others  during  that  year,  although  they  may  have 
been  greater  than  the  largest  flood  in  other  years.  If  these  second 
and  third  floods  in  some  years  were  included  in  the  study,  they  would 
tend  to  give  somewhat  higher  values  for  the  probable  flood.     On  the 


PLATE  LXIX. 

PAPERS,  AM.  aOC.  C.  E. 

MAY.    1913. 

FULLER  ON 

FLOOD  FLOwa 


RELATION  BETWEEN  CATCHMENT  AREA 
AND  FLOOD  FLOW 


.^ft,        RELATION  BETWEEN  PROPOSED  FORMULA 
AND  ACTUAL  MAXIMUM  FLOODS 
ON  AMERICAN  STREAMS 


I^'ipers.]  KLOOl)   FLOWS  1023 

other  liaiui.  in  tht'  method  ol'  analysis  no  attention  is  paid  to  the  fact 
that  some  of  the  largest  floods  may  come  close  together.  It  is  assumed 
that  the  floods  are  uniformly  distributed  over  the  period,  though,  in 
fact,  some  periods  would  have  two  or  more  floods  of  the  size  under 
consideration  while  others  would  not  contain  any  such  flood.  If  this 
were  taken  into  aceount.  it  would  tend  to  reduce  somewhat  the  value 
of  the  probable  flood  to  be  expected.  These  errors  in  methods,  if  they 
may  be  so  called,  are  not  of  great  moment.  Generally,  it  may  be  said 
that  the  flood  obtained  by  the  proposed  formula  is  probably  somewhat 
in  excess  of  that  which  we  would  expect  to  get  in  any  one  period,  but 
it  is  the  average  of  the  floods  in  a  number  of  periods  of  the  same 
length. 

General  Method. — The  general  methods  of  treating  the  data  can 
be  best  shown  by  a  specific  example.  For  this  purpose,  the  writer  has 
used  Tohickon  Creek,  the  data  for  which  are  contained  in  the  reports 
of  the  Philadelphia  Water  Board  for  25  years.  All  the  steps  leading 
up  to  the  determination  of  the  average  flood  and  the  frequency  of 
occurrence  of  floods  on  this  stream  are  shown.  In  working  out  the 
general  formula  for  frequency  for  all  rivers,  the  same  method  is  fol- 
lowed as  here  given,  the  data  for  all  the  rivers  being  collected  and 
used  as  if  they  were  for  one  stream.  This  example  then  illustrates 
the  entire  method  of  procedure.  The  first  step  is  to  select  from  the 
daily  record.s  the  largest  single  flood  for  each  year.  These  are  shown 
in  Column  2  of  Table  4.  The  second  step  is  to  average  all  these  floods, 
as  is  shown  at  the  foot  of  Column  2.  The  third  step  is  to  select  and 
arrange  the  floods  in  order  of  their  magnitude.  This  is  indicated  in 
Table  4,  Q^  representing  the  largest  flood;  Q^  the  second;  Q.^  the 
third,  etc.  The  next  step  is  to  find  the  ratio  of  these  larger  floods  to 
the  average  flood.  This  is  shown  in  Column  3.  The  next  step  is  to 
arrange  the  data  so  that  the  frequency  may  be  determined.  The 
methods  for  doing  this  are  shown  in  Table  5. 

The  methods  of  determining  all  the  three  diflferent  values  for  the 
probable  flood  to  be  expected,  as  previously  stated,  are  here  given. 

Method  of  Obtaining  Average  Maximum  Flood  to  he  Expected. — 
The  method  of  computing  the  average  maximum  flood  to  be  expected 
is  shown  in  Table  .">,  Part  a.  Column  1  gives  the  serial  number  of  each 
flood,  in  order  of  size.  Colunui  2  gives  the  ratio  of  the  flood  to  the 
average  flood,  as  taken  from  Table  4.     Column  3  gives  the  summation 
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of  all  the  floods  equal  to  or  exceeding  the  flood  concerned.  Column  4 
gives  the  summa.tion  in  Column  3  divided  by  the  serial  number.  Col- 
umn 5  gives  the  total  number  of  years  in  the  record  divided  by  the 
serial  number.  It  is  evident,  then,  that  Column  4  represents  the 
average  of  the  floods  which  occur  in  the  period  of  years  given  in 
Column  5.  On  the  first  diagram  of  Fig.  1  the  values  in  Columns 
4  and  5  are  plotted  on  a  logarithmic  scale  for  the  values  of  the  time 
(Column  5)  and  on  an  ordinary  scale  for  the  values  of  the  ratios 
(Column  4);  these  plottings  are  marked  A  on  the  first  diagram  of 
Fig.  1. 

TABLE  4. — Method  of  Treating  the  Eecords  to  Obtain  the  Average 
Yearly    Flood    Q    Average,    and    to    Obtain    the    Ratio    of 
Maximum  Floods. 
River,  Tohickon  ;  Station,  Pt.  Pleasant,  Pa. ;  Catchment  Area,  102  sq. 

miles.     A'^-^  =  58.5. 


Date. 

(1) 

Maximum  34-hour  average 
flood  for  the  year. 

(2) 

Eatio  of  flood  to  average 
yearly  flood. 

(3) 

1884 

4  379  Qs 
3  664 

5  359  Q^ 
3544 

3  493 

4  714^6 
2  942 

2  858 

3  158 
3  994 

8  650  Qi 
3  857 

6  515  Qj 

3  683 

4  160Qio 
3222 

No  record. 

4  089Qi, 

5  958  03 
4  968  Q^ 
4  395  Q^ 
4  175  Qa 

3  200 

4  120g„ 

2  770 

3  050 

1.06 

1885        

1886     

1.30 

1887       

1888  

1889            

1.15 

1890        

1891            

1893         

1893     

1894  

2.10 

1895 

1896 

1.59 

1897  

1898  

1.01 

1899 

1900        

1901     

0.99 

1903 

1.45 

1903          

1.21 

1904       

1.06 

1905  

1.01 

1906 

iq07         

1.00 

1908       

1909 

Average  yearly  flood  Q  (Ave.)    102  917  -h  25  =  4  117. 


Median  Flood. — The  method  of  obtaining  the  median  maximum 
flood  is  shown  in  Table  5,  Part  l.  The  second  largest  flood  is  here 
taken  as  representing  the  size  of  that  one  which  will  probably  come 
in  one-third  of  the  total  period.  That  is,  there  will  be  one  flood 
greater,   one  less,   and  one  equal  to   it   in  the  three  periods.     In  the 
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same  way,  the  third  jflood  is  taken  as  the  most  probable  one  for  a 
period  equal  to  one-fifth  of  the  total  time,  and  so  on.  Column  1  gives 
the  serial  number  from  Table  4.  Column  2  gives  the  corresponding 
ratio;  Column  :'.  gives  the  time  for  which  this  flood  is  the  median,  and 
is  obtained  by  dividing  the  total  time  by  one  lass  than  twice  the  serial 
number.  Columns  '2  and  3  are  then  plotted  as  for  the  first  method. 
These  plottings  are  marked  B  on  the  first  diagram  of  Fig.  1. 

TABLE  5.— ToHiCKON  Creek. 
Paht  a. — Method  of  Ohtaimxg  Prob.\ble  Average   Maximum   Flood 

To    BE    Exi'KCTED. 


No 

of  flood,  in  order 
of  magnitude. 

(I) 

Ratio  of  flood  to 

averagre  yearly 

flood. 

(a) 

Summation 
of  ratios. 

(3) 

Summation  of 

ratios-j-No.  of 

floods. 

(4) 

Time,  in 
years. 

(5) 

1 

2.10 
1.59 
1.45 
1.30 
1.21 
1.15 
1.06 
1.06 
1.01 
1.01 
1.00 

2.10 
3.69 
5.14 
(i.44 
7.65 
8.80 
9.86 
10.92 
11.93 
12.94 
13.95 

2.10 
1.85 
1.71 
1.61 
1.53 
1.47 
1.41 
1.36 
1.33 
1.29 
1.27 

25.00 

2 

12.50 

3 

8.33 

4 

6.25 

5.00 

6 

4.17 

7 

3.57 

8 

3.33 

9 

2.79 

10 

2.50 

11 

2.27 

Part  h. — Method  of  Obtaining  Medun  Maximum  Flood. 


No.  of  flood. 

(I) 

Ratio. 

Time,  in  years. 

(3) 

2 

1.59 
1.45 
1.30 
1.21 
1.15 

8.83 

3 

5.00 

4 

.5          

3.57 
2.79 

0 

2.27 

Part  c. — Method  of  Obtaining  Probable  Flood  That  Will  be 
Equalled  or  Exceeded  During  a  Period. 


No.  of  flood. 
O) 

Ratio. 

(a) 

Time,  in  years. 

(3) 

2 

1.59 
1.45 
1.30 
1.21 
1.15 
1.06 
1.06 
1.01 
1.01 
1.00 

12.50 

3 

8.33 

4 

6.25 

5.00 

6 

4  17 

7 

3.57 

8 

3.33 

9 

2.79 

10 

2.50 

11 

2.27 
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Flood  to  be  Equalled  or  Exceeded. — The  method  of  obtaining  the 
flood  to  be  equalled  or  exceeded  is  shown  in  Table  5,  Part  c.  To  obtain 
it  we  select  the  least  of  the  maximum  floods  in  the  periods.  The  sec- 
ond flood  is  taken  for  one-half  of  the  time,  the  third  for  one-third  of 
the  tinu\  and  the  fourth  for  one-fourth  of  the  time,  etc.  This  means 
that,  L-uusiderinj;-  four  periods,  there  will  be  three  of  these  which  will 
liave  a  flood  larger  and  one  which  will  have  a  Hood  equal  to  the  value 
which  we  have  selected.  The  ratios  and  corresponding  periods  of  time 
are  marked  C  on  the  first  diagram  of  Fig.  1. 

Method  of  Obtaining  Average  Relation  for  Frequency  for  All 
Streams. — The  method  used  to  obtain  the  frequency  relation  for  all 
streams  investigated  is  the  same  as  that  illustrated  for  Tohickon 
Creek.  All  the  data  are  used  precisely  as  if  they  constituted  a  record 
for  a  single  river  covering  a  period  of  time  equal  to  the  sum  of  the 
length  of  the  records  for  the  individual  rivers.  In  studying  the  mat- 
ter of  frequency,  plottings  were  made  for  rivers  in  many  different  sec- 
tions of  the  country.  In  this  paper  only  two  of  these  are  given;  first, 
that  for  all  the  rivers  on  the  Eastern  Coast,  which  represents  the  best 
data,  covering  the  greatest  length  of  time;  second,  the  data  for  all 
the  rivers  in  the  United  States  for  which  records  of  10  years  or  more 
are  at  hand.  The  data  for  the  Eastern  Coast  rivers  are  given  in 
Table  7  and  are  plotted  on  the  second  diagram  of  Fig.  1.  The  fre- 
quency relation  for  these  rivers  is  ^  =  Q  (Ave.)  (1  -f-  0.75  log.  T). 
The  data  for  all  the  rivers  in  the  United  States  with  record  equal  to 
or  exceeding  10  years  is  given  in  Table  8  and  are  plotted  on  the  third 
diagram  of  Fig.  1.  The  relation  for  these  rivers  is  Q  =  Q  (Ave.) 
(1  +  0.83  log.  T).  For  other  sections,  somewhat  different  relations 
were  obtained.  The  difference  in  these  relations  is  not  great.  The 
variation  hardly  justifies  establishing  separate  values  for  each  sec- 
tion, and  a  single  one  is  all  that  is  warranted.  The  expression, 
Q  =  Q  (Ave.)  (1  -|-  0.8  log.  T)  is  adopted  as  the  value  of  the  co- 
efficient of  log.  T  as  it  is  between  the  relation  established  for  the 
eastern  rivers  and  that  for  all  the  rivers. 

The  relation  between  the  average  maximum,  the  median  maximum, 
and  the  flood  to  be  equalled  or  exceeded  is  shown  in  Table  G. 

In  studj'ing  the  data,  a  few  rivers,  located  principally  in  arid  and 
semi-arid  regions,  were  eliminated  on  account  of  unusual  conditions. 
In  such  sections  conditions  are  such  that  no  floods  worthy  of  the  name 
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TABLE  6. — Relation  Between  the  Average  Maximum,  the  Median 
Maximum,  and  the  Flood  to  be  Equalled  or  Exceeded. 


Ratio  to  Average  Yearly  Flood. 

No.  of  years 
in  the  period. 

(I) 

Average  maximum 

flood 

Q=  Q  (Ave.)(l-f  0.8 

log.  T). 

(2) 

Median  maximum 

flood 

O  (median)  =  Q(Ave.) 

(0.9 +  0.8  log.  T). 

(3) 

Flood  to  be  equalled 
or  exceeded 
Q  (equalled  or  ex- 
ceeded) =  Q  (Ave.) 
(0.7 +  0.8  log.  T). 

(4) 

1 

1.0 

1.56 

1.80 

2.36 

2.60 

3.40 

0.9 

1.46 

1.70 

2.26 

2.50 

3.80 

0.7 

5 

1.26 

10 

1.50 

50 

2.06 

100 

2.30 

1  000 

3.10 

TABLE  7.— Floods  on  Rivers  of  the  Eastern   Coast,  for  Which 
Records  Were  Available. 


Serial 
number. 

Ratio 
of  flood. 

Summation 
of  Column  3. 

Column  3 

divided  by 
Column  1 ; 
average  of 
flood  in  this 
period. 

Median  flood 

which  is 

exceeded  in 

one-half  the 

periods. 

No.  of 

years  in  the 

period. 

(I) 

(a) 

(3)- 

(4) 

(5) 

(6) 

1 

312 

312 

312 

1532 

2 

305 

617 

308 

766 

3 

271 

888 

296 

305 

511 

4 

271 

1  159 

289 

384 

5 

264 

1423 

285 

271 

306 

6 

260 

1683 

280 

255 

7 

257 

1940 

277 

271 

219 

8 

255 

2195 

274 

192 

9 

250 

2445 

272 

264 

170 

10 

250 

2  695 

270 

153 

11 

248 

2  943 

267 

260 

139 

12 

234 

3177 

264 

128 

13 

231 

3  408 

262 

257 

118 

14 

226 

3  634 

259 

110 

•13 

225 

3  378 

260 

257 

116 

14 

221 

3  599 

257 

108 

15 

221 

3  820 

254 

255 

100 

16 

1221) 
)210f 

4  041 

252 

94 

21 

205 

4  930 

234 

228 

64 

22-  31 

186 

6  846 

220 

210 

44 

32-  38 

177 

8  066 

212 

205 

34 

39-  49 

172 

9  981 

203 

193 

27 

50-  54 

167 

10  564 

196 

188 

23 

55-  63 

100 

12  021 

191 

186 

19 

64-  68 

154 

12  689 

187 

185 

16 

69-  78 

151 

14  214 

182 

176 

14 

79-  89 

156 

15  680 

176 

174 

11 

90-100 

144 

17  281 

173 

171 

10 

101-114 

141 

19  278 

168 

163 

9 

*  Two  large  floods  eliminated,  as  the  record  was  not  continuous.  For  such  cases,  where 
the  record  includes  a  few  large  floods,  these  are  used,  after  which  the  computations  are 
adjusted  by  eliminating  the  effect  of  these  floods  and  proceeding  as  if  they  had  not  existed. 
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iiccur  ill  some  years,  tlionyh  (K-casioiuilly  there  is  ii  large  one.  For 
.>uch  eases  the  average  yearly  flood  beeonies  low  and  the  pereentage 
of  the  maximum  flood  becomes  unduly  hiph.  These  conditions  are 
quite  different  from  those  generally  found,  and  it  seems  best  to  ex- 
elude  such  cases.  It  follows,  of  course,  that  the  frequency  relation 
here  proposed  does  not  hold  for  such  rivers. 

TABLE  8. — Floods  on  All  Rivers  for  Which  Records  of  Ten  Years 
OR  More  Were  Available. 


Serial 
number. 

Ratio  of 
flood. 

Summation 

of 
Column  2. 

Column  3 
divided  by 
Column  1 ; 
average  of 
flood  in  this 
period. 

Median  flood 

which  is 

exceeded  in 

one-half  the 

periods. 

Number  of 
years  in 

the 
period. 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

1 

373 

37:^ 

1672 

2 

312 

685 

342 

8.36 

3 

293 

978 

326 

3i2 

557 

4 

291 

1  269 

315 

418 

o 

276 

1  545 

309 

293 

3:i7 

6 

270 

1815 

302 

278 

7 

267 

2082 

297 

291 

239 

8 

264 

2  346 

293 

209 

<♦ 

262     . 

2  608 

289 

276 

186 

10 

253 

2  861 

286 

167 

11 

250 

3  111 

282 

270 

152 

12 

242 

3:^53 

279 

139 

13 

238 

3  591 

276 

267 

129 

14 

236 

3  827 

273 

120 

15 

2:^5 

4  062 

270 

264 

111 

16 

2.94 

4  296 

268 

104 

17 

231 

4  527 

266 

262 

99 

18 

231 

4  758 

264 

93 

19 

226 

4  084 

262 

253 

88 

20 

224 

5  208 

260 

84 

20-30 

210 

7  3.52 

244 

235 

56 

30-40 

200 

9  410 

2:« 

224 

42 

40-  50 

193 

11  376 

227 

34 

oO-  60 

185 

13  250 

221 

210 

28 

m-  70 

181 

15  073 

215 

24 

70-80 

175 

laui 

210 

200 

21 

N)-  90 

172 

18  578 

206 

19 

90-100 

169 

20  286 

203 

193 

17 

100-110 

167 

21  961 

199 

15 

110-120 

162 

23  6a3 

196 

185 

14 

120-i:i<) 

1,58 

25  197 

193 

13 

i:»-140 

156 

2'i  7(58 

191 

181 

12 

140-150 

1.53 

28  310 

189 

11 

ir/)-i(Xj 

1.50 

29  825 

187 

175 

10.5 

160-170 

148 

31  318 

185 

10 

170-lSO 

144 

32  769 

182 

172 

9.5 

180-190 

141 

.34  190 

180 

9.0 

190-200 

139 

:«587 

178 

169 

8.5 

200-210 

1.36 

36  461 

176 

8.0 

210-220 

134 

38  319 

174 

167 
134 

7.5 
3.75 

Table  9  contains  data  on  a  few  of  the  largest  relative  floods  in 
the  United  States,  as  compared  with  the  average  yearly  floods. 
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TABLE  9. — Some  of  the  Larger  Floods,  as  Compared  with  the 
Yearly  Average  Floods. 


No. 

River. 

(2) 

Drainage 

area, in 

square 

miles. 

(3) 

Point  of  observation. 

(4) 

Floods,  in  Cubic  Feet 
PEE  Second. 

Ratio  of 
maximum 

(I) 

Maximum. 

(5) 

Average. 
(6) 

to  average. 

(7) 

1.... 

3.... 
3.... 

Kansas 

Shenandoah . . . 
South  Platte. . . 

Truckee 

Tuolumne 

Savannah 

Schuylkill 

Passaic 

Umatilla 

Kennebec 

J    58  550 
1    59  841 

3  000 
633 
955 

1  500 

7  300 

1930 

833 

353 

4  270 

Compton     1  J. 
Lawrence    f  ^ans.... 

Mill  vale,  W.  Va 

Denver,  Colo 

321000 

139  700 
5  570 
15  300 
52  000 

310  000 
83  156 
27  995 
10  000 

151  000 

59  000 

44  800 
1900 
5  360 

18  900 
114  300 

30  700 

10  600 
3  808 

59  600 

3.73 

3.12 
2.93 

4.... 
5.... 
6.... 

7.... 
8.... 

State  Lme,Cal 

La  Grange,  Cal 

Augusta,  Ga 

Philadelphia,  Pa 

2.91 
3.76 
3.70 
3.67 
3.64 

9.... 

Gibbon,  Ore 

3.63 

10..   . 

Waterville,  Me 

3.53 

Use  of  the  Formula. 

Q  =  C  A^-^  (1  +  0.8  log.  T). 
Q  (Max.)  =  Q  (1  +  2  A-^-^). 

Selecting  the  Value  for  the  Coefficient,  C. — Tables  12  to  26  con- 
tain values  for  the  coefficient,  C,  for  many  rivers  in  the  United  States. 
These  coefficients  are  applicable  for  the  river  at  the  station  where  the 
floods  were  observed  and  for  other  points  on  the  river  where  conditions 
are  not  materially  different.  Obviously,  the  coefficient  for  a  river 
above  large  branches  or  above  points  where  there  may  be  considerable 
storage  may  be  different  from  that  of  the  river  below.  Slopes  and 
other  conditions  affect  the  coefficient,  and  for  the  river  at  other  points 
than  where  the  gaugings  were  made,  judgment  must  be  used  in  its 
selection.  The  coefficient  for  the  upper  portion  of  a  river  may  be 
different  from  that  for  the  lower  portion.  The  coefficient  for  the 
river,  however,  taken  in  connection  with  others  for  similar  rivers, 
should  enable  one  to  select  an  approximate  value  for  any  river  in 
the  tables.  For  streams  for  which  no  coefficients  are  given  in  the 
tables,  approximate  values  may  be  obtained  by  comparison  with  rivers 
having  similar  characteristics,  for  which  the  coefficients  are  given. 

It  may  be  possible  to  obtain  local  data  as  to  the  height  of  the  ordi- 
nary yearly  flood,  which  may  give  an  indication  of  the  value  of  the 
coefficient.  It  may  also  be  possible  to  obtain  records  of  one  or  two 
of  the  larger  floods  on  the  stream,  and  if  one  can  ascertain  the  time 
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when  these  occurred,  the  data  may  be  reduced  by  the  formula  of  fre- 
quency to  obtain  approximate  values  of  C. 

Some  data  of  this  latter  character  are  contained  in  Table  28.  No 
attempt  lias  been  nuade  to  reduce  these  data  to  find  the  value  of  C, 
as  the  information  in  regard  to  the  period  represented  is  not  definite. 
Local  investigation  of  the  conditions  might  enable  one  to  form  a 
reasonable  estimate  as  to  the  period  of  time  these  floods  represent. 
It  is  probable  that  records  of  other  floods  on  these  streams  vpould  be 
available,  together  with  the  time  of  the  occurrence,  so  that  approxi- 
mate values  for  the  coefficients  could  be  established. 

The  effect  on  flood  flow  of  such  factors  as  slope  of  drainage  basin, 
shape  of  drainage  basin,  rate  of  rainfall,  etc.,  have  been  studied  and 
discussed  in  a  number  of  papers.  For  the  sake  of  convenience,  and 
to  aid  in  the  selection  of  the  coefficient,  C,  from  the  tables,  it  may 
be  well  to  summai'ize  briefly  the  effect  of  some  of  these  factors,  stating 
generally  their  effect  on  the  magnitude  of  the  flood. 

Storage. — Storage  may  be  in  a  reservoir,  or  in  the  ground.  Gen- 
erally speaking,  all  storage  tends  to  reduce  the  size  of  floods.  Eivers 
on  which  there  are  many  lakes  or  reservoirs,  or  on  which  there  are 
large  sandy  areas,  generally  have  low  flood  flows,  as  compared  with 
rivers  otherwise  similar.  When  the  lakes  and  reservoirs  are  full,  the 
storage  below  the  overflow  is  not  available  for  reducing  floods.  Storage 
above  the  overflow,  however,  is  always  available,  and  the  quantity 
stored,  as  the  water  rises  above  the  overflow,  is  certain  to  reduce  to 
some  extent  the  flood  flows  in  the  stream  below.  In  the  same  way, 
storage  in  the  ground  is  more  or  less  available,  depending  on  the 
condition  of  the  ground-water  at  that  time.  The  effect  of  storage 
above  the  overflow  is  to  reduce  all  floods,  and  the  effect  of  storage 
in  the  ground  and  that  below  the  overflow  is  rather  to  make  large 
floods  of  less  frequent  occurrence. 

The  temporary  storage  above  the  overflow  is  the  most  imjiortant 
for  natural  reservoirs,  such  as  lakes  and  ponds.  Where  reservoirs 
are  controlled  and  used  for  power  purposes,  or  for  water  supply,  the 
storage  below  the  overflow  may  be  important;  but  as  these  reservoirs 
may  be  filled  when  the  larger  flood?  come,  dependence  cannot  be  placed 
on  such  storage. 

It  is  evident  that  tliis  storage  will  affect  the  floods  resulting  from 
different   types    of   storms    in    different   ways.      A    storm   producing    a 
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long-continued  flood  will  fill  the  available  storage  while  the  supply 
is  still  at  a  high  rate,  so  that  the  maximum  rate  for  the  flood  may 
be  nearly  as  great  as  would  have  occurred  without  the  existence  of 
the  reservoir.  On  the  other  hand,  a  flood  from  a  short,  sharp  storm 
will  be  greatly  reduced  by  storage,  because,  before  the  storage  is  filled, 
the  supply  will  be  much  less. 

In  order  to  ascertain  what  effect  this  storage  may  have  on  the  maxi- 
mum rate  of  flood,  a  few  specific  cases  were  considered. 


TYPES  OF  FLOOD  FLOWS  CONSIDERED 
FOR  SHOWING  EFFECT  OF  STORAGE  ON  A  STREAM 
OF  1  SQ.  MILE  CATCHMENT  AREA 
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The  method  of  computation  and  the  results  are  shown  on  Tables 
10  and  11,  and  in  Figs.  2  to  6.  The  24-hour  average  rate  and  the 
maximum  rate  are  taken  as  given  by  the  formulas  proposed  in  this 
paper,  using  C  =  70  and  T  =  1  000,  which  represents  an  extraordi- 
nary flood  on  an  average  eastern  river. 

Four  different  types  of  flood  flows  are  considered,  as  shown  on 
Fig.  2.  These  cover  in  a  general  way  the  more  common  floods.  The 
ideal  type,  called  the  Continuous  Maximum,  gives  the  minimum  limit 
for  the  effect  of  storage.  In  these  computations  it  is  assumed  that 
the  reservoir  sides  are  vertical  and  that  the  overflow  is  from  a  weir 

with  vertical  sides,  from  which  the  rate  of  overflow  varies  as  the    - 

2 

power  of  the  height  of  the  water  passing  over  the  weir. 
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Figs.  3,  4,  and  5  show  the  efifect  of  different  amounts  of  storage 
for  the  assumed  conditions.  Table  10  contains  a  summary  of  the 
results  of  the  computations  for  different  cases. 

Fig.  6  shows  a  plotting  of  the  data  in  Table  10. 

From  these  tables  and  diagrams  the  effect  of  this  storage  for  the 
assumed  conditions  is  apparent.  The  study  is  made  for  the  effect 
on  comparatively  small  catchment  areas  for  which  the  flood  at  a 
high  rate  would  usually  not  last  more  than  24  hours.  For  larger 
rivers,  for  which  long-continued  storms  are  common,  the  study  does 
not  apply. 

The  data,  though  based  on  assumptions,  give  an  approximate  idea 
of  what  the  effect  of  such  storage  may  be.  In  comparing  different 
rivers  for  the  purpose  of  selecting  the  value  of  C ,  the'  effect  of  lakes 
and  reservoirs  may  be  approximated  by  these  data.  Table  11  is  a 
sunnnary  of  the  data. 

The  amount  of  storage  available  is  dependent  on  the  width  of 
the  overflow.  Careful  consideration  should  be  given  to  flood  reduc- 
tion in  determining  the  width  of  spillways  of  dams  and  the  outlets 
of  lakes.  In  many  cases  a  reduction  in  the  width  of  overflow  may  be 
advantageous,  and,  in  cases  where  the  added  cost  is  not  great,  would 
be  worth  while. 

Slopes. — Steep  slopes  on  a  water-shed  produce  rapid  run-off  and, 
generally,  relatively  large  flood  flows. 

SJiape  of  Catchment  Basin. — The  more  nearly  equal  the  catchment 
basin  is  divided  among  the  branches  of  the  river,  the  more  chance  there 
is  of  concentration  of  flood-water  at  a  single  point  and  the  greater 
the  flood  flows.  A  compact  area  will  produce  a  larger  flood  than  a 
long  narrow  one. 

Branches. — A  large  number  of  branches,  affording  good  drainage 
to  the  catchment  area,  will  bring  the  Ava.ter  off  more  rapidly  than  a 
few  branches,  and  will  cause  larger  flood  flows. 

Condition  of  River-Bed. — The  condition  of  the  river-bed  itself  is 
an  important  factor.  A  river-bed  which  has  frequent  points  of  con- 
gestion which  tend  to  hold  back  the  water  and  provide  temporary 
storage  will  have  smaller  relative  flood  flows  than  one  with  a  smooth 
even  bed  which  allow^s  the  water  to  run  off  rapidly.  The  hydraulic 
properties  of  the  river  channel,  such  as  the  hydraulic  radius  and  the 
coefficient   of   roughness,   effect   the   rapidity   of  the  run-off,   and   thu.s 
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EFFECT  OF  STORAGE  ABOVE  OVERFLOW 

PARABOLIC  RUN-OFF 

CATCHMENT  AREA   1    SQ.MILE 

STORAGE  EXPRESSED  IN  PERCENTAGE  OF  TOTAL  INFLOW  IN   24 HOURS 
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EFFECT  OF  STORAGE  ABOVE  OVERFLOW 

PARABOLIC   RUN-OFF 

CATCHMENT  AREA  10  SQ. MILES 

STORAGE  EXPRESSED  IN  PERCENTAGE  OF  TOTAL  INFLOW  IN   24  HOURS 
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till'  ningnitiulo  of  the  Hood.  The  better  the  hydraulic  properties,  the 
i; renter  tlu'  ri'lntive  Hood  flow.  The  chances  of  damage  by  the  flood 
in  such  case,  however,  may  be  less. 

h'ainfaJl.— The  annual  rate  of  rainfall  has  been  embodied  in  some 
riood  fipnnulas.  This  may  be  misleading,  as  it  is  the  intensity 
and  duration  o(  the  rainfall  during  or  immediately  preceding  the 
flood  that  is  the  principal  factor.  Until  more  information  is  avail- 
aide  on  the  rainfall  conditions,  as  to  intensity  and  duration,  it  is  proba- 
l>le  that  this  element  is  better  left  to  judgment  as  to  its  effect  on  the 
coefficients  of  streams. 
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The  effects  of  many  of  these  factors  are  not  the  same  for  different 
floods.  In  some  cases  characteristics  which  would  reduce  the  flood 
under  average  conditions  tend  to  increase  it  for  particular  conditions. 
For  example,  it  is  entirely  possible  that  storage  will  hold  back  the 
water  on  some  of  the  branches  of  a  river  until  such  a  time  as  greater 
quantities  of  water  are  coming  from  other  and  larger  branches,  thus 
producing  a  greater  flood  on  the  main  stream  than  would  have  occurred 
if  there  had  been  no  storage  and  the  first  branch  had  run  off  rapidly. 
Such  a  condition,  however,  is  an  exception,  and  the  foregoing  may  be 
said  to  liold  in  average  case.'^. 
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TABLE  11. — Effect  of  Storage  Above  the  Overflow  on  the 
Maximum  Rate  of  Flow,  Based  on  Fig.  6. 


Amount  of  Storage. 

Percentage  op  Maximum  Rate  of  Outflow  to 
Maximum  Rate  of  Inflow. 

In  percentage  of 

total  water  flowing 

into  reservoir 

in  34  hours. 
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at  average 
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of  inflow. 
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Valuks  for  the   Coefficient,   C, 
IX  THE  Formula,  Q  =  C  A^-^    (1  +  0.8  log.  T). 

Tables   12   to   20   t-oiitain   flood   data   on   the   rivers   in   the   United 
States   i'or   which    the    records   could   be   obtained   with   sufficient   com- 
pleteness to  give  an  approximation  of  the  coefficient,   C,  in  each  case. 
Rivers  for  which  observations   are  being  taken   at  present,   with   rec- 
ords covering  4  years  or  more,  are  included,  although,  for  these  short- 
time  periods,  the  value  of  the  coefficient  may  be  considerably  in  error, 
and  should  be  adjusted  wjien  more  complete  records  become  available. 
Each  table  contains  a  group  of  rivers  corresponding  to  the  classifi- 
cation  made  by   the   U.    S.   Geological   Survey,   and  the    arrangement 
of  the  rivers  is  similar  to  that  given  in  the  more  recent  papers  of  the 
Survey,  in  order  that  reference  can  readily  be  made  thereto. 
The  tables  contain  the  following  data: 
Column  1.  Xame  of  stream; 

Colunm  2.  Location  of  the  station  at  which  gaugings  were  taken; 
Column  3.  Catchment  area  of  the  stream  above  the  point  of  ob- 
servation, in  square  miles; 
Column  4.  Average  yearly   floods,   obtained  by  selecting  the  one 
largest  flood  for  each  calendar  year,  and  taking  the  average 
of  these;  this  is  expressed  as  the  flow  in  cubic  feet  per  sec- 
ond during  a  period  of  24  consecutive  hours; 
Column  5.  The  largest  flood,  the  second  largest  flood,  and  so  on; 
each  expressed  as  the  flow  in  cubic  feet  per  second  during  a 
period  of  24  consecutive  hours; 
Column  6.  Number  of  years  for  which  the  records  of  the  single 

largest  flood  on  the  river  could  be  obtained; 
Column  7.   Values  of  the  coefficient  in  the  formula,   Q  zzz   C  A'^-^ 
(1   -f-  0.8  log.   T),  obtained  from   larger  floods;   these  values 
of  C  are  only  approximate,  and  are  obtained  as  follows : 

For  the  first  value  of  C,  which  is  obtained  from  the  largest  flood 
on  record,  T  becomes  equal  to  the  length  of  the  period  of  observation 
in  years,  as  given  in  Column  7.     C  is  then  obtained  by  the  formula, 

^       (Largest  flood  on  record)         ^  K 


yl''-^  (1-1-0.8  log.  T)     '  (1  +  0.8  log.  T)' 

where  K  is  the  first  value  for  K  in  Column  6. 
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For  the  second  value  of  G,  Q  becomes  the  average  of  the  largest 
and  the  second  largest  floods ;  and  the  value  of  T  becomes  one-half  of 
the  period  of  observation,  or 


C  = 


K+K, 


1  +  0.8  log.  (  2   V 


2 

For  the  third  value  of  C,  Q  becomes  the  average  of  the  three  largest 
floods,  and  T  becomes  one-third  the  period  of  observation,  or 


C  = 


K  +  K,  +  J13 

1  +  0.8  log.  (  .  r) 


3 

Other  values  of  C  are  obtained  in  a  similar  manner. 

Column  8.  Value  of  coefficient,  C,  as  obtained  from  the  average 

,    ^      ,     ^       Q(Ave..) 
yearly  flood;   C  = -p-g — . 

This  value  of  C,  depending  on  all  the  yearly  floods,  is  more  accu- 
rate than  those  in  Column  7,  and  should  generally  be  selected  for  use. 

Table  27  contains  data  on  some  of  the  larger  single  floods  on  rivers 
for  which  continuous  records  are  not  at  hand.  These  data  are  taken 
from  various  reports  and  papers,  and  in  many  cases  are  only  roughly 
approximate  estimates.  It  is  assumed  that  the  flow  recorded  was  the 
maximum  rate,  although  in  some  instances  this  may  not  have  been 
the  case.  These  represent  some  of  the  greatest  floods  on  record,  but 
not  necessarily  the  greatest  on  the  stream  in  question  for  any  con- 
siderable period  of  time.  Frequently,  a  stream  is  observed  for  a  year 
or  so  for  some  particular  purpose,  and  the  floods  are  recorded.  These 
floods  may  be  greater  or  less  than  the  normal,  but,  from  the  fact  that 
they  are  recorded,  the  assumption  may  be  made  that  they  represent  the 
maximum  floods  on  the  stream.  Tables  of  data  of  single  floods  may 
be  misleading  for  this  reason.  In  this  study,  it  was  in  some  cases 
found  that  flows  taken  from  tables  of  maximum  floods  were  actually 
less  than  the  a,verage  yearly  flood  on  the  river. 

Table  27  includes  only  the  larger  floods  of  this  kind;  and  they 
probably  represent  one  of  the  larger  floods  on  that  particular  river. 

In  the  following  reports  and  papers  may  be  found  data  on  many 
rivers  not  here  given  : 

Report  on  the  Barge  Canal,  State  of  New  York,  1901,  page  844, 
Kuichling. 
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Hydrologj'  of  the  State  of  New  York,  Rafter. 

Geological  Survey  of  New  Jersey,  1904,  Vermeule. 

Keports  of  Pennsylvania  Water  Supply  Commission. 

Reports  of  New  York  State  Water  Supply  Commission. 

Reports  of  Maine  State  Water  Storage  Cbmmission. 

United  States  Geological  Survey,  Water  Supply  Paper  No.   147, 

page  184. 
United   States  Geological   Survey,  Water  Supply  Paper  No.   162. 

"Destructive  Floods." 

SelectiiKj  the  Value  of  T,  in  Design. — Floods  have  occurred  on 
some  rivers  during  the  last  20  years  which,  normally,  would  be  re- 
peated in  not  less  than  1  000  years.  If  works  are  to  provide  for  floods 
equal  to  the  greatest  that  have  been  observed,  a  value  of  T  of  at  least 
1  000  should  be  used.  Such  a  flood  or  a  greater  one  may  occur  on 
any  river  at  any  time,  but  it  is  not  likely  to  come  soon  on  any  particu- 
\i\v  stream.  It  must  be  remembered  that  the  use  of  T"  =  1  000  does 
not  mean  that  the  corresponding  flood  will  come  at  the  end  of  1  000 
years,  but  that  the  chances  are  even  that  it  will  occur  at  some  time 
during  a  period  of  1  000  years.  It  means,  also,  that  the  chances  are 
1  to  1  000  that  it  will  occur  in  any  one  year,  or  1  to  100  that  it  will 
occur  in  10  years,  or  1  to  10  that  it  will  occur  in  a  century. 

The  selection  of  the  proper  value  of  T  then  becomes  a  question 
of  what  chance  we  can  afford  to  take.  In  the  design  of  a  spillway  of 
an  earth  dam,  the  failure  of  which  would  cause  great  damage,  a  large 
value  of  T  should  be  used.  The  design  of  a  temporary  dam  for  con- 
struction purposes,  the  failure  of  which  would  mean  only  small  dam- 
age, would  call  for  the  use  of  a  comparatively  small  value  of  T. 

The  decision  as  to  the  value  of  T  to  be  selected  should  depend  on 
considerations  of  the  first  cost  of  the  construction  required  to  provide 
for  it,  together  with  the  probable  damage  in  case  the  flood  exceeds  the 
((uantity  provided  for.  The  added  cost  due  to  u.sing  a  larger  value  of 
T  may  be  regarded  as  insurance  against  loss.  Obviously,  if  insurance 
is  costly,  as  compared  to  the  risk,  less  should  1)c  taken.  Considera- 
tion of  possible  loss  of  life  and  property,  together  with  loss  of  busi- 
ness, or  loss  of  a  water  supply  for  a  city,  and  other  factors,  must  be 
taken  into  account  in  deciding  on  the  proper  value  of  T.  Possible 
increased  damage  in  the  future,  due  to  building  up  of  sections  below 
the  dam,  or  unusual  difficulties  in  reconstruction,  must  be  considered. 


1043 


FLOOD   FLOWS 


[Papers. 


TABLE  12. — Values  for  Coefficient,  C 

IN  Formula,  Q  =  C  A°-^  (1  +  0.8  log.  T). 

New  England  States. 


Name  of  stream. 


(I) 


St.  John 

Fisb 

Aroostook 

St.  Croix 

Machias 

Penobscot  (West  Branch) . 

Penobscot 


Penobscot  (East  Branch) . 
Mattawamkeag 


Piscataquis . 
Kennebec . . 
Kennebec . . 
Kennebec  . . 


Roach Roach,  Me 

Carrabasset North  Anson,  Me. 


Location  of  station. 


(2) 


Fort  Kent,  Me 

Wallagrass.  Me 

Fort  Fairfield,  Me. 

Woodland,  Me 

Whitneyville,  Me. . . 
Millinockett,  Me... 


West  Enfield,  Me. 


Grindstone,  Me 

Mattawamkeag,  Me. 


Foxcroft,  Me. . . 
The  Forks,  Me. . 
Bingham,  Me... 
Waterville,  Me. 


Flood  Flows, 

IN  Cubic   Feet 

PER  Second. 

24  Hour 

Average. 


(3) 


Sandy 
Cobbossecontec . 


Madison,  Me. 
Gardiner,  Me. 


Androscoggin . 


Saco 

Pemigewasset. 


Merrimac 
Merrimac 
Merrimac 


Connecticut. 
Connecticut. 
Connecticut. 

Connecticut . 


Rumford  Falls,  Me. 


Center  Conway,  N.  H. 
Plymouth,  N.  H 


Franklin  Junction,  N.  H. 

Garvins  Falls,  N.  H 

Lawrence,  Mass 


Orford,  Vt 

Sunderland,  Mass 
Hoi  yoke.  Mass 

Hartford,  Conn.. . 


5  280 
890 

2  230 

1420 

465 

1880 

6  600 

1  100 
1500 


1570 
2  660 

4  270 


85 
340 
650 
240 


2  090 


■"i  >>0' 
(4) 


385 
615 


1460 
2  340 
4  638 


3  305 

7  700 
8144 

10  234 


62  500 
7  339 

30  200 
9  600 
5  740 

14  000 

60  630 

12  600 
16  00U 

10  170 

13  720 
32  000 
59  600 

1660 
9  080 
9  800 
1850 

24  900 


10  500 
16  800 


18  7'00 
24  600 
43  400 


31700 
78  700 
73  000 


(5) 


75  600 

8  970 

34  300 

20  300 
11  100 
24  250 

22  110 

93  400 

91  400 
21400 
24  400 

21  100 
18  100 

18  800 

19  890 
18  330 

48  000 
37  750 

151  000 

111  200 

86  200 

1  970 
13  670 

13  800 
3  275 
3  200 

2  700 
55  500 
55  200 

39  000 

14  100 
30  640 

23  400 

22  760 
27  900 
32  900 
82  150 
74  0(X) 
65  000 
63  500 
61  3(X) 

49  700 

40  6i'0 
103  000 

92  200 
115  000 

112  000 
99  700 

94  300 

87  900 
205  200 
192  300 
178  400 
175  000 
169  300 
167  000 


Values 
OF   C. 


go 


(6) 


(7)    (8) 


18 


26 


104 
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TABLE  12.— (Continued.) 


(1) 

(a) 

(3) 

(4) 

(5) 

(6) 

(7) 

<8) 

Israel  (above  South  Branchl 
Israel  ibelow  South  Branch) 
Fomer 

Jefferson  Highland,  N.  H. 
Jeflferson  lli^'hland,  N.  H. 
Above    Reservoir, 

8.7 
21.2 

13 

43 

1020 

856 

721 

434 

1420 
16  000 

554 

1  050 

788 

672 

628 

2135 

31000 

25  700 

3 
4 
14 

4 
9 

71 
61 
53 
56 
58 
.  71 
69 
73 

63 
63 
56 

Westfleld  Littlt^ 

70 

Housa  tonic 

Gaylordsviile,  Conn 

63 

TABLE  13. — Values  of  Coefficient,  C, 

IN  Formula,  Q  =  C  A'^-^    (1  +  0.8  log.  T). 

Hudson  Kiver  Basin. 


Name  of  stream. 


(I) 


Location  of  station. 


(2) 


a2 


e8  M 
(3) 


Flood  Flows,  in 
Cubic  Feet  per 

Second. 
24-Hour  Average. 


Average 
yearly. 
Q  (Ave.). 

(4) 


Larger 

flood. 

Q- 

(5) 


oS 


(6) 


(7)    (8) 


Values 
OF  C. 


Hudson . 
Hudson. 


Hoosic . . . 
Mohawk . 


Mohawk . 


West  Canada  Creek. 
East  Canada  Creek . . 

Schoharie 

Esopus 

Esopus 

Rondout 


Fort  Edward,  N.  Y... 
Mechanicsville,  N.  Y. 


Buskirk,  N.Y 

Little  FaUs,  N.  Y. 


Reels  Cr.and  .Johnson  Br. 

Starch  Factory Hartford,  N.  Y. 


Dunsbach  Ferry,  N.  Y. 

TwinRock  Brldge,N.Y. 

Dolgeville,  N.  Y 

Prattsville,  N.  Y 

Olive  Bridge,  N.  Y . . . . 

Eangston,  N.  Y 

Rosendale,  N.  Y 

Durfleld,  N.  Y. 


'^ 


Graefenburg  Creek Hartford,  N.  Y. 


2  800 
4500 

579 
1310 

3440 

364 

256 

240 

239 

324 

380 

442 
3.4 

0.282 


32  900 
41500 

10  024 
20  330 

50  500 

13  050 
5  950 

7  940 

8  420 

13  160 

13  290 

243 

351 

13. 


43  900 
42  800 
42  600 
70  000 
59  400 
56  300 

54  900 
13  680 
24  220 
23  500 
84  200 
59  200 

55  700 
34  350 
16  150 

12  1.50 
7  540 

13  100 
12  860 
15  388 

9  376 
20  500 

18  700 

19  510 
18  300 

296 
515 
15.2 


40 


58 


49 


75 


116 

71 

99 

105 

129 

115 

74 
132 
37 


Although  the  selection  of  the  proper  value  of  T  must  be  a  matter 
of  engineering  judgment,  the  following  method  will  give  the  economic 
value :  Estimate  the  probable  amount  necessary  to  make  good  all 
damage  caused  by  the  flood  exceeding  the  allowed  amount.  Multiply 
this  by  the  probability  of  the  flood  occurring  in  one  year.     The  product 
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TABLE  14. — Values  for  Coefficient,  C, 

IN  Formula,  Q  =  C  A^  ^    (1  +  0.8  log.  T). 

Middle  Atlantic  States. 


Name  of  stream. 


(I) 


Location  of  station. 


(2) 


(3) 


Flood  Flows, 

IN  Cubic  Feet 

PER  Second. 

24-Hour 

Average. 


Values 

OF  C. 


o  a 
-a  .2 


0)  ?•< 

(4) 


a!  o 

in  o 


"gey 


(5)        (6) 


6  ° 


(7) 


p  ® 


(8) 


Passaic 

Passaic 

Earitan 

Delaware  { East  Branch) . 

Delaware 

Delaware 

Delaware  (West  Branch) 

Musconetcong: 

Tohiekon  Creek 

Neshaminy  Creek 

Perkiomen 

Schuylkill 

Susquehanna  

Susquehanna  

Susquehanna  

Susquehanna  

Susquehanna  

Chenango  

Chemung 


Chatham,  N.  J 

Dundee  Dam,  N.  J. 


Bound  Brook,  N.  J . 
Hancock,  N.  Y 


Port  Jervis,  N.  Y . 


101 
823 


920 
3  250 


Riegelsville, N.  J.  (Former 
Station  at  Lambert- i 
ville,  N.  J.) !     6  4.30 


Hancock,  N.  Y 

Bloomsbm-y,  N.  J... 
Point  Pleasant,  Pa. 


Low  Forks,  Pa. 


Frederick,  Pa. 


Near  Philadelphia,  Pa 


Bingham  ton,  N.  Y . 
Wilkes-Barre,  Pa. . . 


Danville,  Pa 

Harrisburg,  Pa. 


McCalPs  Ferry,  Pa. 
Binghamton,  N.  Y.. 


Chemung,  N.  Y. 


146 

102 


139 

152 

1920 

2  400 
9  810 

11100 

24  000 


26  800 
1530 


1914 
10  600 


19  700 
32  900 


62  500 


99  000 


19  250 


1810 
4  820 


4  620 

5  020 

30  400 

39  100 
123  800 

143  250 

276  000 


286  000 
35  9?0 


35  740 


2  986       9 
2  860 

27  995  34 
21  370 

18  200 
16  600 

28  500  6 
72  500  9 
50  500 

108  000  8 
67  300 


176  900  15 
171  700 
158  300 

33  740   9 
31830 

2  780   4 

8  650  25 
6  515 

5  960 

5  360 

9  012  27 
8  707 
6985 

6  063 

8  769  27 

7  051 
6843 
6  789 

82 156  14 

36  600 

36  180 

63  000  10 

48  900 
217  700  12 
166  300 
153  000 
304  800 
228  400 
176  000 
593  000 
543  000 
484  000 
405  000 
352  900 

35  900 

34  600 
31200 
46  200 
42  900 


13 


21 


11 


43 
48 
58 
58 
57 
57 
93 
83 
175 
172 


140 


82   89 
921 

96; 

105,  105 
117 

34'  34 
102  103 
101  i 
101 1 
101 

81 1  89 

90! 

90i 

88 1 

73  89- 

74 


101 
84 
80 
70 
71 
75 
76 
78 
95 
93 
91 
90 
98 
100 
100 
60 
56 
03 
67 
53 
60 


78 


87 
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TABLE  U.— (Continued.) 


(1) 


(2) 


(3) 

(4) 

(5) 

(6) 

(7) 

5  640 

104  300 

164  100 
162  600 
150  900 

17 

82 
94 
99 

8  480. 

68  500 

118  000 
102  000 

11 

95 
103 

16.4 

279 

509 

5 

35 

160 

3  780 

5  530 

4 

65 

43 

898 

1600 

4 

53 

251 

6  890 

11000 
9  700 

12 

77 

9  650 

114  000 

218  700 
203  800 
182  000 

17 

72 
79 
82 

3  000 

44  800 

139  700 
77  900 
60  800 

13 

122 
109 
101 

410 

8110 

13  450 

7 

65 

295 

3  240 

6  835 
4  110 

8 

42 
39 

1570 

25  200 

76  800 

7 

125 

660 

14  800 

20  460 
19  200 
17  400 

15 

59 
65 
08 

(8) 


Susquehanna    (West 
Branch) 


Williamspott,  Pa. 


Juniata 


Broad  Creek  

(runpowder  Falls 

Little  Gunpowder  Falls. . 
Patapsco 


Potomac 


Newport,  Pa 

Millgreen,  Md..., 

Glencoe,  Md 

Bel  Air,  Md 

Woodstock,  Md. 


Point  of  Rocks.  Md. 


Shenandoah. 


Millville,  W.  Va.. 


Potomac  (North  Branch). 
Antietam  Creek 


Piedmont,  W.  Va. 
SharpsburK,  Md.. 

Shenandoah  (South  Fork).  Front  Royal,  Va. 
Monocacy Frederick,  Md 


100 


is  the  annual  value  of  the  flood  risk.  Estimate  the  first  cost  of  the 
works  necessary  to  provide  for  floods  of  a  magnitude  corresponding 
to  these  values  for  T.  ^Multiply  this  by  the  going  rate  of  interest. 
The  product  is  the  annual  interest  charge.  Select  the  value  of  T  for 
which  the  sum  of  the  annual  value  of  the  flood  risk  and  the  annual 
interest  charge  is  a  minimum. 


Comparison  with  Other  Elood  Formulas. 

Table  29  is  a  list  of  some  other  formulas  for  obtaining  the  maxi- 
mum flood  flow.  These  formulas  are  of  different  forms,  and  contain 
many  different  terms.  Some  are  intended  only  for  use  over  a  limited 
section,  and  others  are  for  more  general  use.  In  order  to  make  any 
comparison,  it  is  neccssarj*  to  assume  values  for  the  variable  terms. 
The  values  assumed  are  intended  to  suit  average  conditions  in  the 
eastern  portion  of  the  United  States.  Three  of  the  formulas  were 
derived  for  such  conditions,  and  the  others  were  for  European  and 
Indian  conditions.  For  the  purpose  of  comparison,  data  on  some  of 
the  larger  floods  on  foreign  streams  are  given  in  Table  30.  On 
Plate  LXXI  the  formulas  in  Table  29  are  plotted,  together  with  three 
curves  representing  the  formula  proposed  in  this  paper.  An  exami- 
nation of  this  diagram  shows  that  formulas  vary  widely.     This  is  to 
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TABLE  15. — Values  of  Coefficient,  C, 

IN  Formula,  Q  =  C  A'^-^    (1  +  0.8  log.  T). 

South  Atlantic  States. 


Name  of  stream. 


(I) 


Location  of  station. 


(2) 


oS'^ 


Ofl 


(3) 


Flood  Flows, 
IN  Cubic  Feet 

PER  SlSCOND. 

24  Hour 
Average. 


(4) 


(5) 


Values 
of  C. 


.Oh 


s  o 
^  o 


(6) 


(7) 


(8) 


James 

James 

James  (North  Fork) 

Appomattox 

Roanoke 

Dan 

Cape  Fear 

Yadkin 

Yadkin 

Catawba 

Catawba 

Catawba 

Wateree 

Broad  (of  the  Carolines) 

Saluda  (Branch  Mobile) 

Tugalloo  (Branch  Savannah) 

Savannah 

Tallulah 

Broad  (of  Georgia ) 

Oemulgee 

Ocmulgee 

Oconee 

Oconee 

Oconee 

Appalachee 

Chattahoochee 

Chattahoochee 

Chattahoochee 

Soquee 

Flint '.'.'.'.'.'.'.'.'.'.'. 

Flint 

Flint ■■' 


Buchanan,  Va 

Cartersville,  Va 

Near  Glasgow,  Va 

Mattoax,  Va 

Roanoke,  Va 

South  Boston,  Va 

Fayetteville,  N.  C 

North  Wilkesboro,  N.  C 
Salisbury,  N.  C 

Morganton,  N.  C 

Catawba,  N.  C 

Rockhill,  S.  C 

Camden,  S.  C 

Alston,  S.  C 

Waterloo,  S.  C 

Madison,  S.  C 

Augusta,  Ga 

Tallulah  Falls,  Ga 

Carlton,  Ga 

Jackson.  Ga 

Macon,  Ga 

Greensboro,  Ga 

Milledgeville,  Ga 

Dublin,  Ga 

Buckhead,  Ga 

Norcro.ss,  Ga 

Oakdale,  Ga 

West  Point,  Ga 

Demorest,  Ga 

Woodbury,  Ga 

Montezuma,  Ga 

Albany,  Ga 


3  660 

6  230 
831 
745 


2  750 
4  493 


500 
3400 


758 
1535 
2  987 
4  500 
4  610 

1056 

593 

7  300 


191 

762 


1400 
2  420 


1  100 

2  840 
4  180 

440 
1  170 
1560 

3  300 

158 


2  700 
5  000 


40  846 


61658 
16  600 


8  449 
18  813 


23140 
52  800 


12  345 
62  193 


20  839 

29  215 
60  000 

30  690 
76  400 

13  800 

15  301 

114  300 


4  870 
20  428 


19  920 
83  550 


18  540 

16  600 
29  013 

5  020 

17  747 
34  100 
48  483 

5  652 
16  434 

14  3M 
29  731 


62  000 
52  505 
51400 
48  620 
84  800 
75  800 
37  350 

24  060 
11695 
18  104 
12  472 
44  400 
90  650 
71600 
69  700 

17  900 
15  700 

130  000 
115  000 
79  998 
32  200 
61  050 
150  783 
86  500 
131000 
130  .500 

18  850 
18  .500 
31860 
17  300 

309  930 

353  000 

330  000 

9  000 

47  200 

29  125 

25  400 
50  860 
46  240 
43  100 
68  200 

30  000 

37  009 
36  600 

7  660 
30  180 

48  800 
88  6S0 
66  090 

8  830 
30  250 
25  750 
20  800 
43  600 

38  970 


20 


71 
78 
82 
86 
42 
46 
95 
100 
40 
80 
84 
50 
56 
60 
64 
74 
82 
100 
111 
116 
93 
106 
154 
27 
84 
96 
41 
47 
73 
80 
124 
133 
180 
80 
123 
114 
50 
50 
55 
57 
145 
35 
25 
28 
34 
62 
79 
70 
75 
98 
67 
75 
24 
27 
30 


41 


103 
82 
99 
87 


73 

101 


66 
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TABLE  15.— (Gontinued.) 


(I) 


(a) 


Pea IPera,  Ala... 

Conecuh Beck,  Ala.. . 

Coosa wat tee  (Branch Mobile)  Carters,  Ga. 


Oostanaula  (Branch  Mobile), 


Coosa 

Coosa  (Branch  Mobile). 


Alabama. 


Resaca.  Ga. 


Rome,  Ga 

Riverside,  Ala. 


ISelma,  Ala. 


Etowah Canton,  Ga 


Etowah 

Choccolocco  Creek . 
Tallapoosa 


Rome,  Ga 

Jenifer,  Ala 

Sturdevant,  Ala. 


Cahaba Centerville,  Ala. 

Tombigbee Columbus,  Miss.. 


Tombigbee Epes,  Ala 

Black  Warrior iCordova,  Ala 

Black  Warrior iTuscaloosa,  Ala. 

Pearl Jackson,  Miss... . 


(3) 

(4) 

(5) 

(6) 

(7) 

1  180 

9  643 

12  600 

6 

27 

1290 

10  600 

16  400 

6 

33 

531 

12  500 

17  700 
16  950 

12 

63 
72 

1610 

28  661 

39  200 
36  600 

11 

59 
65 

4006 

54  100 

64  186 

7 

48 

7  0ti0 

57  562 

75  800 
75  000 
72  100 

14 

33 

38 
41 

15  400 

114  028 

146  000 
145  700 
i;i8  000 

12 

36 
40 
44 

604 

13  440 

19000 
17  090 
16  094 

12 

61 
68 

72 

1800 

35  200 

59  400 

6 

91 

272 

5110 

11  8C0 

4 

90 

2  500 

36  247 

59  100 
50  800 
40  510 

10 

63 
70 
69 

1040 

11981 

17  100 
12  980 

6 

41 
43 

4440 

34  476 

50  430 
46  800 
40  498 

10 

34 
39 
39 

8  830 

44  887 

61000 
50  500 

8 

25 
28 

1900 

42100 

56  900 
51800 

9 

77 
87 

4900 

101000 

141  000 
137  000 
129  000 

17 

79 
89 
97 

3120 

21649 

36  500 

8 

34 

(8) 


33 
35 
83 

64 

71 
48 


46 


31 
100 


113 


35 


be  expected  as  the  data  on  which  they  are  based  are  very  different. 
On  the  whole,  it  may  be  said  that  the  formula  proposed  in  this  paper 
gives  relatively  higher  values  of  the  flood  flow  for  very  small  and 
very  large  catchment  areas.  Probably  the  reason  for  this  is  that  the 
formula  was  derived  from  average  floods,  and  many,  if  not  all,  of  the 
others  were  derived  from  maximum  floods.  There  are  numerous  rec- 
ords for  medium-sized  streams,  but  not  for  very  small  or  very  large 
ones.  It  is  to  be  expected,  under  these  conditions,  that  the  highest 
relative  maximum  floods  will  be  found  on  rivers  of  medium  size. 
There  are  comparatively  few  very  large  rivers  in  Europe,  and  their 
number  in  America  is  limited.  Although  there  are  many  small 
streams,  da.mage  from  flood  on  them  is  not  usually  great,  and  records 
of  their  floods  are  comparatively  few.  More  records  of  small  streams 
are  probably  available  on  European  than  on  American  rivers. 

Some  of  the  largest  floods  on  foreign  and  American  streams  are 
plotted  on  Plate  LXXI.  The  largest  of  these  are  on  streams  in  India 
and    Saxony.      The    uiipcr   curve,    representing   the   proposed   formula. 
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TABLE  16. — Values  for  Coefficient,  C, 

IN  Formula,  Q  =  C  A^-^    (1  +  0.8  log.  T). 

Ohio  River  Basin. 


Name  of  stream. 


(I) 


Allegheny 

Allegheny 

Kiskiminetis 

Blacklick  Creek. 
Cheat 


Youghlogheny 

Youghiogheny 

Casselman 

Laurel  Hill  Creek. 

Mahoning 

New 


New 

Greenbrier. 


Scioto 

French  Broad. 


Tennessee., 
Tennessee 


Mill  (North  Fork). 
Mill  (South  Fork). 
Pigeon 


Nolichucky 

Hoiston  (South  ForkK  . . 


Holston Rogersville,  Tenn . . 

Watauga Elizabetbton.  Tenn . 

Little  Tennessee Judson,  N.  C 


Location  of  station. 


(2) 


Red  House,  N.  Y... 

Kittanning,  Pa 

Avonmore,  Pa 

Blacklick,  Pa 

Morganton,  W.  Va. 


Friendsville,  Md 

Confluence,  Pa 

Confluence,  Pa 

Confluence,  Pa 

YouDgstown,  Ohio. 
Radford,  Va 


Fayette,  W.  Va. . , 
Alderson,  W.  Va. 


Columbus.  Ohio. 
Asheville,  N.  C. . 


Knoxville,  Tenn 

Chattanooga.  Tenn. 


Pinkbed,  N.  C. 

Sitton,  N.  C... 
Newport,  Tenn . 


Greeneville,  Tenn. 
Bluff  City,  Tenn.. 


Little  Tennessee. 
Tuckaseegee 

Hiwassee 

Hiwassee 


Hiwassee. 
Valley  . . . . 
Nottenly. . 
Toccoa.i..  • 

Ocoee 

Elk 


McGhee,  Tenn. 
Br y son,  N.  C. . 


Murphy,  N.  C. 
Reliance,  Tenn. 


Charleston,  Tenn 

Tomotla,  N.  C 

Ranger,  N.  C 

Blue  Ridge,  Ga 

McCays,  Copperbill,  Tenn. 
Elkmont,  Ala 


*'^ 


(3) 


1640 
8  690 
1750 
403 
1380 

294 
435 
450 
118 
958 
3  720 

6  200 

1340 


8  990 
21400 


24 
40.5 
055 

1100 

828 

3  060 
408 
675 

2  470 
662 

410 

1180 

2  297 

106 
272 
•£i\ 
374 
1700 


Flood  Flows, 

IN  Cubic  Feet 

PER  Second. 

24-HoUH 
Average. 


'o- 


(4) 


25  200 

126  000 

46  400 

9  668 

19  540 

6  660 
11  580 
10  350 

2  851 
14  911 
64  200 

78155 

36  900 


14  515 
16  400 


92  891 
231  000 


763 

1502 

10  314 

14  098 

20  130 

37  400 

6  013 
25  800 

37  240 
22  500 

12  .300 

28  550 

37  055 
4  842 
4  122 

7  958 
7000 

39  750 


(5) 


•Sf^ 


(6) 


41  000 
232  000 
77  700 
15  400 
30  400 

25  91)0 

8  160 
24  000 
20  800 

5  020 

19  400 
137  760 

123  800 
110  527 
107  740 

62  450 
55  850 

48  700 
21.340 
30  720 

26  350 
157  410 

124  070 
409  520 
381  040 
3aS240 
363  240 

1  170 

2  050 

20  260 
12  300 
32  800 
18  900 
32  980 
24  380 
51400 

9  530 
57  140 
50  460 
70  000 
38  5.50 
36  400 
32  360 
22  000 
55  200 
38  000 
45  940 
10  400 

5  660 
12  290 
18  000 

49  000 


Papors.l 
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TABLE  16.— (Continued.) 


(I) 


(a) 


(3) 

(4) 

(5) 

(6) 

(7) 

1260 

18  060 

25  600 

5 

55 

910 

23  280 

39  300 
36  000 
34  2(Xi 
32  700 

20 

82 
89 
94 
97 

23  800 

294  000 

480  000 
460  000 
ITOOOO 
428  000 
438  000 

50 

65 
70 
67 
67 
69 

(8) 


Dock.. , 
Clarion 

Ohio  . . . 


Columbia,  Tenn... 
Clarion,  Pa 

■Wheeling.  \V.  Va 


I 


TABLE  17. — Values  for  Coefficient,  C. 

IN  Formula,  Q  =  C  A'^'^    (1  +  0.8  log.  T). 

St.  Lawrence  River  Basin. 


Name  of  stream. 


(I) 


Location  of  station. 


(2) 


Dead Forestville,  Mich 

Kscanaba jEscanaba,  Mich 

Menominee ilron  Slountain,  Mich. . 


St.  Joseph.. 
Kalamazoo . 


Buchanan,  Mich. 
Allegan,  Mich. . . 


Muskegon 

Manistee 

Thunder  Bay. 

Au  Sable 

Huron 

Huron 

Seneca 


Oneida 

Chittenango  Creek. 

Salmon 

Black 


Moose 

Oswegatchie., 
Raquette 


Saranac . 
Winooski 
( ienesee. . 


fJenesee . 


Newaygo,  Mich 

Sherman.  Mich 

Alpena.  Mich 

Bamhekl.  Mich 

Geddes,  Mich 

Flat  Rock,  Mich.... 
Baldwinsville,  N.  Y. 

Euclid,  N.  Y 

Chittenango,  N.  Y. 

Pulaski,  N.  Y 

Felts  Mills,  N.  Y.... 


Moose  River.  N.  Y. 


£» 

a  S 

eS  CO 
O 

(3) 


Flood  Flows,  in 

Cubic  Feet  per 

Second. 

ai-HouR 

Average. 


Average 
yearly 

Q  (Ave.). 

(4) 


Ogdensburg,  N.  Y 

Ma.ssena Springs,  N.  Y, 

Plattsburg,  N.  Y 

Richmond,  Vt 

Rochester,  N.  Y 


Rochester,  N.  Y, 


142 
800 

2  420 

3  940 

1  470 

2  .3.">0 
900 

1  2()0 

1  420 

T57 

1000 

3  100 

1310 

79 

259 

1  850 

346 

1580 

1  170 

624 
885 

2  365 


2365 


2  270 

7  340 

11  180 

11100 
4  700 

4  740 

2  380 

5  400 

3  470 
2  290 
2  310 

8  846 

9  983 
1390 
9  310 

18  270 

5  780 

11990 
8  540 

4  120 

12  225 

22  100 


22  400 


Larger 
flood. 


(5) 


3  340 
10  870 
15  100 
15  000 

18  600 
11470 
10  260 

5  219 

6  266 

2  870 

7  275 

4  220 

3  734 
2  780 

10  865 
10  310 
13  760 
1922 
10  500 
23  100 

19  200 
6  760 
6  670 

15  800 
11000 

9  920 
4680 

16  300 
50  000 
40  0O0 
36  500 
36  000 
36  000 
as  000 
36  500 
36  000 
28  300 
28  000 


(6) 


Values  of 
C. 


BS 


(7) 


6 

4 
128 


30 

31 

16.8 

19.4 

15.8 

15.2 

18.5 

16.4 

8.4 

7.2 
14.3 

7.9 
11.1 

6.6 
10.2 
11.5 
26 
37 
79 
32 
35 
35 
40 
26 
21 
26 
10.6 
48 
37 
37 
88 
37 
37 
37 
39 
45 
45 
47 


P  o 

03  >> 


(8) 


43 
35 

22 

14.8 
13.7 

9.5 
10.3 
17.8 
10.4 
11.4 

9.2 
14 

32 
42 
110 

44 


.33 
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TABLE  18. — Values  for  Coefficient,  C, 

IN  Formula,  Q  =  C  A'^-^    (1  +  0.8  log.  T). 

Hudson  Bay. 


Name  of  stream. 


(I) 


Location  of  station. 


(2) 


(3) 


Flood  Flows. 

IN  Cubic    Feet 

perSbcond. 

24-Hour 

Average. 


(4) 


(5) 


o  a 


(6) 


Valuks 
OF  C. 


al 


(7) 


a"5 

(8) 


St.  Mary  (above  Swift- 
current  Creek) 


Near  Babb,  formerly  Main. 
Mont 


St.  Mary 

Swiftcurrent  Creek 

Ottertail  (head  of  Red) 
Red 


Near  Cardston,  Alta. 
Near  Babb,  Mont 


177,  3  897 
453  5  945 
101 :      2  248 


Red. 


Near  Fergus  Falls,  Minn. 
Fargo,  N.  Dak 


1310 
6  0201 


813 


Grand  Forks,  N.  Dak. 
Haggart.  N.  Dak 


Sheyenne 

Red  Lake Crookston,  Minn 

Pembina Neche,  N.  Dak 


35  000  21706 

5  400  1300 

5  330  8  669 

2  940  1  938 


7  980 
4  360 
18  000 
6  175 
4  540 

3  360 
1075 
6  089 

4  420 
33  920 
29  400 

3  030 
14  200 
3  870 


72 

64 

79 

61 

65 

65 
2.0 
3.2 
3.2 
5.8 
6.4 
1.3 
8.6 
3.9 


54 


3.6 
2.9 


1.3 
9.1 
3.3 


with  C  =  250  and  T  =  1  000,  covers  all  except  two  of  these  floods. 
There  is  no  record  of  any  American  flood  as  large  as  these,  although 
the  record  of  the  Siletz  River,  covering  a  3-year  period,  includes  one 
of  great  magnitude;  the  maximum  rate  is  not  stated,  but  the  24-hour 
average  rate  is  relatively  greater  than  that  of  any  flood  recorded  on 
any  other  American  stream.  It  is  stated  by  the  U.  S.  Geological 
Survey  that  this  stream  is  typical  of  those  in  that  section  of  Oregon, 
and  it  seems  probable  that  floods  there  equal  or  exceed  those  on  foreign 
rivers.  It  is  also  probable  that  other  floods  for  which  no  records  are 
available  have  exceeded  any  of  those  recorded. 

On  the  lower  diagram  of  Plate  LXIX  is  plotted  the  larger  floods  on 
the  rivers  in  the  eastern  part  of  the  United  States.  The  two  curves 
drawn  to  represent  the  formula,  with  C  =  100,  T  =  1 000,  and 
C  =  100,  T  =  50,  cover  these  great  floods  well.  These  may  be  con- 
sidered as  extraordinary  floods  on  streams  which  usually  give  large 
floods.  These  few  floods  represent  the  largest  ones  on  many  rivers 
during  the  last  50  or  100  years,  so  that  some  of  them  may  be  those 
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TABLE  19.— Values  ov  Cokffuiknt,  C, 

IN  Formula,  Q  =  C  A"-^   (1  +  0.8  log.  T). 

Upper  Mississippi  Eiver  Basin. 


Name  of  stream. 


(I) 


Mississippi 


Mississippi 
Mississippi 

Mississippi 


Pine. 


Minnesota. 
Chippewa . 


Location  of  station. 


(2) 


Above  Sandy  River,  Minn, 


Sauk  Rapids,  Minn. 
Anoka,  Minn 


St.  Paul.  Minn. 


Below  Pine   River  Reser- 
voir, Minn 


Mankato,  Minn 

Chippewa  Falls,  Wis. 


Chippewa |Eau  Claire,  Wis. . 

Flambeau Ladysmith,  AVis. . 

Black ]Neillsville,  Wis. . . 

Wisconsin iMerrill,  Wis 

Wapsipinicon Stone  City,  Iowa. 


Iowa Iowa  City,  Iowa 

Cedar Cedar  Rapids,  Iowa. 

Des  Moioes iKeosauqua.  Iowa  . . . 

Illinois Peoria,  111 ^ 


-'^ 


<D 


Is 


(3) 


4  510 


12  400 

irioo 


35  700 


452 


14  600 

5  300 

6  740 
2  120 

675 

2  6:30 
1  310 

3  320 
6  330 

14  .300 
13  200 


Flood  Flows,  in 
Cubic  Feet  per 

Second. 

24  Hour 
Average. 


Average 
yearly. 

g(Ave.). 

(4) 


6  250 


32  400 
31450 


42  233 


1051 


24  035 
36  454 

43105 
10  079 
10  000 
14  907 
6  395 

12  067 
31  093 
61747 
,41060 


Larger 

Hood. 

<?. 

(5) 


9  572 

8  823 
8  299 

51  000 

44  300 
3ti600 
80  800 
73  000 

59  800 
58  800 

1586 

1520 

1479 

43  800 

64  400 

45  900 

60  520 
12  750 
23  060 

18  140 
8  690 
8  190 

19  450 

52  450 
97  140 
57  650 


.2  * 

OJ  t-i 


(6) 


15 


16 


Values  of 
C. 


(7) 


5.9 
6.5 
6.8 
19.6 
11.2 
12.0 
9.2 
9.9 
10.0 
10.0 

6.1 
6.8 
7.3 

11.6 

37 

36 

32 

18.9 

85 

21 

17.3 

19.7 

20.0 

29.0 

31 

19.4 


^  o 
(8) 


7.4 


9.7 


37 
21 
55 
27 
20 

18.3 
28 
29 
21 


which  would  normally  occur  in  very  long  periods,  and  others  may 
he  floods  on  rivers  having  coefficients  greater  than  100,  which  would 
normally  occur  in  shorter  periods.  When  it  is  considered  that  the 
firnuda  was  ohtained  from  data  independent  of  these  floods,  the  agree- 
ment is  noticeahly  close,  and  serves  as  a  valuable  check  on  the  formu- 
las here  proposed. 

Comparison  with  Flows  in  Sewers. — In  Table  28  is  given  a  com- 
parison of  the  proposed  formula  with  that  of  McMath  for  obtaining 
the  flow  in  sewers,  Q  :=  G  R  y/  S  A*.  In  making  the  comparison, 
a  period  of  20  years  is  assumed,  as  it  seems  that  sewers  liberally 
designed  should  flow  at  full  capacity  at  least  once  during  such  a 
perio<l.      For   the   jjroposed   formula,    C   is    taken    as   65,   which    is    the 
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TABLE  20. — Values  of  Coefficient,  C\ 

IN    FOKMULA,    Q    =    C    A'^-^      (1    +    0.8    LOG.    T) . 

Missouri  River  Basin, 


Name  of  stream. 


(I) 


Jefferson  (continuation  of 
Redrock  and  Beaver- 
head)   

Missouri 

Missouri 

Madison 

West  Gallatin  (head  of  I 
Gallatin) ( 

Gallatin 

Middle  Creek 

Ford  Creek 

Smith  Creek 

Marias 

Milk 

Milk 

Yellowstone 

Yellowstone 

Boulder  (West  Fork) 

Clark  Fork 

Pryor  Creek 

Bighorn  

Bighorn 

Shoshone 

Shoshone  (South  Fork) 

Clear  Creek 

Little  Muddy 

Little  Missouri 

Knife 

Heart 

Cannon  Ball 

Cheyenne 

Rapid  Creek 

Belle  Fourche 

Niobrara ] 

North  Platte 

North  Platte 

North  Platte 

North  Platte 

North  Platte 


Sappington,  Mont. 
Townsend,  Mont.. 

Cascade,  Mont 

Red  Bluff,  Mont. . . 


Location  of  station . 


(2) 


Salesville,  Mont. 


Logan,  Mont 

Bozeman,  Mont. 
Augusta,  Mont. . 
Augusta,  Mont. . 
Shelby,  Mont. . . . 
Havre,  Mont 


Malta,  Mont 

Livingston,  Mont. 

Glendive,  Mont... 


Bruffeys,  Mont 

Fromberg,  Mont 

Huntley,  Mont 

Thermopoiis,  Wyo 

Hardin,  Mont 

Cody,  Wyo 

Marquette,  Wyo 

Buffalo,  AVyo 

Willlston,  N.  Dak 

Medora,  N.  Dak 

Broncho,  N.  Dak 

Richardton,  N.  Dak 

Stevenson,  N.  Dak 

Edgemont,  S.  Dak 

Rapid,  S.  Dak 

Belle  Fourche,  S.  Dak 

Valentine,  (Fort Niobra- 
ra), Nebr 

Pathfinder,  Wyo 

Grin  Junction,  Wyo 

Guernsey,  Wyo 


Mitchell,  Nebr 

Camp  Clark,  Nebr. 


O 


(3) 


8  984 
14  500 
18  300 

3  085 


1805 

26 
18 
36 

2  610 
7  300 

14  000 

3  580 


500 
118 
800 
780 
260 
350 
650 
350 
410 
250 

070 

000 
838 
200 


34  400 

24  aso 


Flood  Flows, 

IN  CtrBic  Feet 

PER  Second. 

34-Hour 

Average. 


01      -^ 

$>  £83 

(4) 


9  860 
38  050 
33  534 

6  500 


456 

403 

587 

11530 

3  919 

7  040 
19  330 

69  375 

1528 

8  300 
597 

13  900 
2S307 
11  330 

3  583 

710 

1  656 

9  588 
1940 
3  436 

3  480 
7  600 

600 

4  050 

3  749 

10  800 
17  530 

14  500 

14  337 


(5) 


15  4T0 
10  040 
52  500 

32  500 
49  300 
38  000 
10  275 

8  613 

8  325 

10  750 

9  700 

7  810 
6  550 

6  460 
806 
730 
806 

29  500 
9  600 

8  960 

11  300 
36  830 
36  525 
90  600 
86  40O 

1610 
10  800 

1370 
17  610 
40  800 
15  800 

5  300 
853 

4  340 
19  000 

3  500 
8  020 

5  900 
10  960 

880 
5  9-11 

7  000 

13  800 

33  960 

30  000 
15  300 
33  000 
23  000 
23  560 


Valuf.s 
of  C. 


Sf^ 


§5 


^6) 


(7) 


(8) 


15 


6.4 
6.0 
14.3 
13.5 
10.9 
11.3 
13.1 
13.7 
13.3 

35 

28 
27 

9. 
10. 
38 
43 
43 
34 

4. 

4. 

3. 
22 
25 

7. 

8. 
27 
13. 

4. 

8. 

8. 
27 
24 
11. 
13. 
11. 

6. 
15. 

5. 

6. 

i. 

6. 


13.2 


14.4 


il2.1 

34 
37 
43 
21 
3.2 

3.4 


40 

15.6 
2.4 

10.3 
9.9 

33 

25 

6  15.6 

2    7.9 

9.4 

6.4 

11.4 
4.9 
6.1 
4.9 
6.3 


3.4 

4.7 
7.6 
7.5 
6.5 
4.1 
4.7 
4.9 


3.5 

5.9 
8.1 
6.2 

3.8 
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(I) 


North  Platte 
North  Platte 


Platte. 
Platte. 


Laramie 

South    Platte  (South  Fork) 
South    Platte  (South  Fork) 

South  Platte  (South  Fork) 


South  Platte. 
South  Platte. 
South  Platte. 
Bear  Creek. . 
Bear  Creek . . 


St.  Vrains  Creek. 
Boulder  Creek  . . . 


South  Boulder 

Big  Thomp-son  Creek  . 

Cache  la  Poudre 


Loupe 

North  Loupe. 

Elkhorn 

Elkhorn 

Republican... 
Republican.. . 
Republican... 


Kansas . 


Saline  . . . 
Solomon. 
Blue 


(2> 


Bridgeport,  Nebr.. 
North  Platte,  Nebr. 


Lexington,  Nebr. 
Columbus.  Nebr. . 


Woods  Landing,  Wyo. 
South  Platte,  Colo. . . . 
South  Platte,  Colo 


Denver,  Colo. 


Hersey,  Colo 

Orchard,  Colo 

.lulesburg,  Colo.. , 
Morrison,  Colo. . . 
Forkscreek,  Colo. 


Lyons,  Colo. . , 
Boulder,  Colo  . 


Marshall,  Colo. . 
Loveland,  Colo. 


Fort  Collins,  Colo. 
Columbus,  Nebr  . . 


St.  Paul,  Nebr... 
Norfolk.  Nebr. . . 
Arlington,  Nebr. 
Bostwick.  Nebr.. 
Superior,  Nebr. . 
Junction.  Kans. . 


Lecompton,  Kans.,  and  [ 
Lawrence,  Kans f 


Saline,  Kans 

Niles,  Kans 

Manhautan,  Kans. 


Gasconade i Arlington.  Mo. 


(3) 

(41 

<5) 

(6) 

23  200 

13  258 

19  700 

5 

38  500 

17  640 

25  500 
23  720 
23  010 

13 

5.3  300 

19  000 

30  000 

5 

56  900 

25  000 

51  100 
35  400 
30  200 

14 

435 

3  130 

4  502 

5 

2  160 

1  129 

1800 

6 

3  610 

1  454 

3  540 
3  170 

9 

3  8J0 

1900 

5  570 
2  425 
2  308 

11 

9  470 

4  150 

9  3.35 

7 

12  260 

5  875 

11  159 

4 

20  600 

5134 

12  900 

8 

170 

370 

737 

6 

345 

1  291 

2  260 
1994 

12 

209 

982 

1280 
1  145 

10 

179 

720 

840 
826 

9 

135 

580 

1  090 

7 

305 

1  120 

2  090 
1  685 

9 

1060 

3  133 

5  611 
5  100 

12 

13  500 

14  940 

27  000 
25  800 

12 

4  024 

5  080 

7  500 

5 

2  474 

3  040' 

8  000 

7 

5  980 

6  300 

9568 

5 

33  300 

8  0.38 

34  500 

7 

33  347 

6  4.50 

14  100 

7 

25  840 

20  650 

47  530 
37  500 

11 

58  550J 

81  000  1 
59  300  (■ 

221000 

(60 
"115 

and 

130  000 
81  400 

59  841 

67  000 

3  311 

4  200 

7  895 

7 

6  815 

5  400 

10  602 

7 

9  490 

37  500 

68  770 
43  430 

11 

2  720 

27  327 

44  960 

4 

4.0 

3.7 

4.1 

4.3 

3.1 

4.2 

4.1 

4.0 

22 

2.4 

2.7 

2.9 

4.1 

3.4 

3.2 

3.7 

4.1 

2.6 

7.5 

11.4 

12.3 

9.9 

10.8 

7.5 

8.6 

13.7 

12.2 

13.8 

11.5 

12.5 

7.2 

8.1 

6.3 

9.3 

5.8 

4.7 

2.8 

7.8 

7.9 

13  9 

17.5 

15.8 

14.2 

13.2 

7.1 

5.4 

25 

23 

54 


(8) 


4.3 

4.8 


3.1 
3.9 


24.3 
2.4 

2.7 

3.6 


3.3 
3.2 

1.8 
6.1 
12.1 


13.8 
11.3 


13.2 
11.5 


11.9 


6.6 
5.9 
6.0 
2.6 
2.1 
6.1 

9.1 
12.4 


6.4 
4.6 

18.1 

49 


average  coefficient  for  eastern  rivers.  For  the  McMath  formula,  values 
are  assumed  as  follows:  C  =  0.50,  R  =  2.75  in.;  (S  =  10  to  30. 
These  values  seem  reasonable  when  it  is  considered  that,  during  a 
period  of  20  years,  an  unusually  heavy  rainfall  would  probably  come 
on  frozen  or  well-saturated  ground,  for  which  the  percentage  of  run- 
off would  be  as  great  as,  or  greater  than,  it  would  be  from  a  50% 
impervious  area  in  a  city.  Table  28  indicates  that  the  flows  for 
small  catchment  areas,  as  obtained  by  the  proposed  formula,  are  fairly 
consistent  with  sewer  experience. 
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TABLE  21. — Values  for  Coefficient,  C, 
IN  Formula,  Q  =  G  A"-^    (1  +  0.8  log.  T). 

Lower  Mississippi  River  Basin. 


Location  of 
station. 

(2) 

Catch- 
ment 
area,  in 
square 
miles,  A. 

(3) 

Flood  Flows,  in 
Cubic  Feet  per 

Period 

of 
obser- 
vation. 

T. 

(6) 

Values  of  C. 

Name  of  stream. 

Second.    24  Hour 
Average. 

From 
larger 
floods. 

(7) 

From 

(I) 

Average 
yearly. 
<3(Ave.). 

(4) 

Larger 

flood. 

<?• 

(5) 

age 
yearly 
flood! 

(8) 

Salida,  Colo 

Canon  City,  Colo.. 

Pueblo,  Colo 

Nepesta,  Colo 

Hutchinson,  Kans. 

Trinidad,  Colo 

Liberty,  Kans 

Tola,  Kans 

1  160 

3  060 

4  600 

9  130 

34  000 

742 

3  067 

3  670 

3  808 
3  757 

5  430 

8  996 
7  296 
2  573 
31881 

31429 

3900 

6  690 
5  611 
5  400 

5  120 
4  925 

11060 
8  321 

7  659 

6  980 
15  075 
11646 

4  600 
41460 
86  950 
45  560 
89  120 

7 
27 

19 

5 
6 
5 

8 

7 

8.2 
5.1 
5.3 
5.5 
5.6 
5.7 
6.4 
6.3 
6.5 
6.5 
6.6 
1.7 

14.9 

37 

38 

38 

42 

9.9 

Arkansas 

6.0 
6.7 

6.1 

Arkansas 

1.7 

Purgatory 

Verdigris 

13 

52 

44 

TABLE  22. — Values  of  Coefficient,  C, 

IN  Formula,  Q  =  C  A^-^    (1  +  0.8  log.  T). 

Western   Gulf  of  Mexico. 


Location  of 
station. 

(2) 

Catch- 
ment 
area,  in 

square 
miles.  A. 

(3) 

Flood  Flows,  in 
Cubic  Feet  per 

Period 

of 
obser- 
vation. 

T. 

(6) 

Values  of  C. 

Name  of  stream. 

Second.    24-Hour 

AVERAGE. 

From 
larger 
floods. 

(7) 

From 

(I) 

Average 
yearly. 

<3(Ave.). 

(4) 

Larger 
flood.    Q. 

(5) 

age 
yearly 
flood. 

(8) 

Waco,  Tex 

Austin,  Tex 

Del  Norte,  Colo. . . 

Mogote,  Colo 

80  800 

37  000 

1  400 

382 

55  000 

48  000 

4  350 

2  800 

183  000 
99  000 
73  600 
70  300 
7  670 
6  870 
5  930 
5650 
4  170 

11 
10 
17 

5 

18.4 
18.5 
8.9 
10.1 
11.8 
12.7 
13.0 
13.3 
39 

14.1 

9.5 

Rio  Grande 

Conejos 

13.2 
31 
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TABLE  2o. — Values  of  Coefficient,  C, 
IX  Formula,  Q  =  C  A^'^    (1  +  0.8  log.  T). 

Colorado  River  Basin. 


Name  of  stream. 


(I) 


Location  of  station. 


(2) 


<;reen(heaciof  Colorado).  Green  River,  AVyo. 

( ireen Greenriver,  Utah. . 

( 'olorado Yuma,  Ariz 


Yampa Craig,  Colo.  . . 

White |Meeker,  Colo. 

Duchesne iMyton,  Utah  . 


Lake  Fork Myton,  Utah 

rinta Whiterocks,  Utah 

Uinta Fort  Duchesne,  Utah  . . . 

Whiterocks WTiiterocks,  Utah 

(irand 'Kremmh'ng,  Colo 

<  irand ,Glenwood  Springs,  Colo. 

Grand tPalisades,  Colo 

Frazier Granby  (Coulter),  Colo. . 

Wilhams  Fork Sulphur  Springs,  Colo.. . 

Blue |Kremmliag,  Colo. 

Eagle 


Gypsum,  Colo.. 

Uncompahgre Montrose,  Colo. 

Dolores Dolores,  Colo. . . 

Animas Durango,  Colo  . 


.Vnimaa Aztec.  N.  Mex. . . 

'  'ila San  Carlos.  Ariz. 

Salt McDowell,  Ariz. . 

Verde McDowell,  Ariz.. 


(3) 


88  900 
235  000 

1780 

634 

2  750 

475 
218 
672 

114 
2  380 
4  520 

8  550 
220 
200 
700 

800 

565 
524 

812 

1300 
13  460 
6  260 
6000 


Flood  Flows, 

IN  CrBic  Feet 

PER  Second. 

24HouR 

Average. 


(4) 


14  100 

42  200 
90  750 

8  740 
3162 
5  550 

2  250 
1050 
2  850 


10  750 
20  500 

26  725 
1735 

1077 
5200 

4  700 

1630 
2  035 

4  70O 

6  510 

5  947 
43  800 
47  740 


(5) 


21384 

17  860 

63  400 

149  500 

116  000 

9  680 

3  710 

9  560 

7  320 

3  000 
1430 

4  530 

4  470 
1146 

15  300 

27  710 

27  600 

37  000 

I860 

1410 

6  020 

1  190 
6040 

2  070 
2  944 
2  635 
7800 

5  870 
13  500 

8500 
188  000 
60  000 


(6) 


Values 
OF  C. 


Of 

—  o 


(7) 


9.7 
10.3 
8.3 
4.4 
4.5 
16.8 
13.6 
9.5 
9.7 
12.9 
12.4 
14.3 
16.5 
16.6 
18.9 
19.2 
32.3 
15.7 
16.7 
13.1 
27 
22 
32 
18 
8.4 
11.4 
13.0 
22 
22 
26 
2.6 
78 


(8) 


11.3 

9.1 

4  7 

23 
18.1 
9.7 

16.3 
14.3 
15.5 

15.4 

21 

24 

19 
23 
15.6 


23 

10.2 
13.5 

22 

21 
3.0 
40 
46 


By  grouping  rivers  according  to  thoir  values  of  0,  and  investigating 
the  rainfall  conditions,  storage,  sloi)es,  amount  of  sandy  area,  etc.,  for 
these  different  groups,  it  seems  probable  that  much  valuable  informa- 
tion could  be  obtained  with  the  data  now  available. 

The  writer  feels  that  the'  method  of  rating  and  comparing  rivers 
by  using  the  average  yearly  floods  affords  a  means  of  obtaining  valuable 
information  on  many  rivers  with  a  comparatively  small  amount  of 
labor,  and  hopes  that  in  the  future  the  maximum  flood  for  each  year 
will  be  observed  for  many   more  rivers.     It  is  also  to  be  hoped  that 
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TABLE  24. — Values  of  Coefficient,  C, 

IN  Formula,  Q  =  C  A"-^    (1  +  0.8  log.  T). 

Great    Basin. 


Name  of  stream. 


(I) 


Bear 

Bear 

Bear 

Logan 

Black  Fork 

Weber 

Weber 

"Weber 

Weber 

American  Fork 

Big  Cottonwood 

MiU  Creek... 

Parley's  Creek 

Emigration  Creek 

City  Creek 

Provo 

Hobble  Creek 

Spanish  Fork 

Sevier 

Sevier 

Sevier 

San   Pitch 

Humboldt 

Humboldt 

Humboldt  (North  Fork). 
Humboldt  (South  Fork). 


Humboldt.. 
Humboldt. 


Location  of  station. 


(2) 


Dingle,  Idaho 

Preston,  Idaho 

Collinston,  Utah 

Logan,  Utah 

Hyi'um,  Utah 

Oakley,  Utah 

Devils  Slide,  Utah 

Plain  City,  Utah 

Uinta,  Utah 

American  Fork.  Utah 
Salt  Lake  City,  Utah.. 

Salt  Lake  City,  Utah.. 

Salt  Lake  City,  Utah.. 

Salt  Lake  City,  Utah. 

Salt  Lake  City,  Utah. 

Provo,  Utah 

Springville,  Utah 

Spani.sh  Fork,  Utah.., 

Marysvale,  Utah 

Gunnison,  Utah 

Leammgton,  Utah 

Gunnison,  Utah 

Golconda,  Nev 

Oreana,   Nev 

Halleck,  Nev 

Elko,  Nev 

Elko,  Nev 

Palisade,  Nev 


«ij 


(3) 


2  890 

4  500 


6  000 


218 


163 
1090 
2  060 
1  600 

66 

48.5 

21.3 
50.1 
89 
19.2 
640 


120 
670 

2  560 

3  990 
5  595 

836 
10  800 


13  800 


1  020 
1  150 


2  840 
5  010 


Flood  Flows, 

IN  Cubic  Feet 

PEE  Second. 

24-HouR 

Average. 


53  cs< 
(4) 


2  670 

4  580 


6  550 


1390 

670 

2  730 

4  800 

5  030 
4  800 

400 
460 

56 

142 

18 

82 

2130 


a34 
860 
1370 
1095 
1560 
210 
1400 


1260 


530 
1  180 


1650 
1  a34 


(5) 


4  050 

3  990 
8  500 
7  900 
6  380 

6  100 
1160U 
10  590 
10  200 
82  800 

2  450 
1930 
1823 
1900 

956 

4  010 

5  880 

7  580 
7  980 
7  230 

885 

835 

793 

112 

72 

274 

228 

24 

32 

164 

133 

4  150 

3  620 
3  310 

2  600 
820 

1  970 

3  000 

2  240 

2  339 
338 

3  160 
3  100 
3  080 
3  047 
2  616 
1020 
1  478 
1  400 

1  385 

2  396 
2  630 


2  c3 


(6) 


Values 
op  C. 


go 


(7) 


4.1 

4.8 

5.1 

5.5 

5.5 

5.6 

5.3 

5.7 

6.1 

6.1 

17.8 

18.3 

18.9 

11.7 

10.3 

50 

14.1 

11.3 

13.6 

13.3 

20 

21 

23 

5.2 

4.9 

6.4 

6.8 

0.9 

1.0 

8.5 

8.8 

11.8 

12.5 

12.9 

12.7 

11.0 

6.1 

3.5 

1.6 

1.6 

1.0 

0.9 

1.0 

1.1 

0.8 

0.8 

3.5 

2.8 

3.1 

3.3 

2.5 

1.9 


2.0 
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TABLE  2i.— (Continued.) 


(I) 


Truckee . 
Truckee. 
Truckee. 


Walker  (West  Fork) 

Walker 

Donner  Creek 


Prosser  Creek 

Little  Truckee 

Independence  Creek.. 
Carson  (East  Fork).. 


Carson 

Carson  (AVest  Fork).. 


(a) 


Tahoe,  Cal 

State  Line,  Col.-Nev. 
Vista,  Nev 


Colpville,  Cal... 
Yerington,  Nev. 
Truckee,  Cal. .. 


Carson  (East  Fork  ' . . 

Susan 

Silvies 

Chewaucan 

Ogden 


Hobart  Mills,  Cal 

Starr,  Cal 

Independence  Lake,  Cal. 
Gardnerville,  Nev 


Empire.  Nev 

Woodward,  Cal. 


Rodenbohs,  Nev. 
Susan ville,  Cal. .. 

Burns,  Ore 

Paisley,  Ore 

Ogden,  Utah 


(3) 

(4) 

(5) 

(6) 

(7) 

519 

774 

1340 
931 

10 

5.0 
4.9 

955 

5  260 

15  300 
8110 

10 

85 
31 

1530 

4  930 

8  940 
7  510 

10 

14.2 
15.0 

806 

2  300 

4  170 

6 

26 

1  100 

700 

1700 

7 

3.8 

30 

560 

980 
862 

8 

38 
41 

48 

518 

924 

5 

27 

166 

1  370 

1809 

4 

20 

8.5 

230 

286 

5 

83 

861 

2400 

3  430 
3  162 

8 

18 
20 

988 

2  561 

4  000 
3  791 

9 

9.2 
10.3 

70 

900 

1570 
1  450 

12 

28 
31 

414 

3  700 

5540 

4 

30 

256 

1  300 

1800 

4 

14.5 

865 

2  260 

4  730 

5 

13.6 

272 

1580 

3  500 

5 

25 

360 

1690 

3  257 
2433 

11 

16.0 
16.2 

(8) 


5.2 

22 

14.1 

24 
2.6 
37 

24 
28 
42 

22 

10.3 


29 
15 
10 
18 
15.2 


records  of  both  the  24-hour  average  rate  and  the  maximum  rate  of 
flow  "will  be  made  for  our  larger  floods,  and  that  for  all  records  of 
floods  it  will  be  clearly  stated  as  to  which  rate  it  refers.  In  this  study 
it  was  difficult,  in  many  cases,  to  distinguish  between  the  two. 

Acknowledgments. — As  far  as  the  writer  knows,  the  first  suggestion 
of  the  use  of  the  element  of  time  in  a  formula  for  flood  flows  was  made 
by  Allen  Hazen,  ]\I.  Am.  Soc.  C.  E.,  in  a  memorandum  written  by  him 
in  1910.  Thi.s  memorandum  contained  a  study  of  maximum  floods 
on  some  eastern  rivers,  and  suggested  a  formula  of  a  nature  similar 
to  the  one  proposed  in  this  paper.  Mr.  Hazen  has  followed  closely  the 
progress  of  the  study  which  is  here  presented,  and  to  him  the  writer 
is  indebted  for  many  valuable  suggestions. 

The  late  Richard  Hazen,  Jun.  Am.  Soc.  C.  E.,  was  associated  with 
the  writer  in  the  earlier  and  essential  portions  of  this  study,  and  it 
was  the  intention  that  he  should  write  the  paper  jointly  with  the 
writer.  As  this  is  now  impossible,  the  writer  can  but  acknowledge 
his  indebtedness  and  pay  tribute  to  the  great  amount  of  able  work 
done  by  Mr.  Richard  Hazen  in  the  preparation  of  this  paper. 

The  writer  also  wishes  to  acknowledge  his  indebtedness  to  those 
who  have  furnished  data  for  the  paper.     Free  use  has  been  made  of 
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TABLE  25. — Values  for  Coefficient,  C, 

IN  Formula,  Q  =  C  A'^-^    (1  +  0.8  log.  T). 

Southern  Pacific  Coast. 


Name  of  stream. 


(I) 


CottOQWood  Creek  — 
San  Diego 

Malibu  Creek 

Arroyo  

Mojave 

Sacramento 

Pitt 

McCloud 

Stony  Creek 

Feather  (North  Fork) 

Feather 

Butte  Creek 

Indian  Creek 

■y  uba 

Bear 

American 

Cache  CreeK 

Cache  Creek  

Putah  Creek 

San  Joaquin 

Kern 

Tule 

Kaweah 

Kings 

Merced 

Tuolumne 

Stanislaus 

Stanislaus 

Mokelumne 


Location  of  station. 


(2) 


Jamul,  Cal 

San    Diego    (flume    near 

Lakeside),  Cal 

Calabasas,  Cal 

Soledad,  Cal 

Victorville,  Cal 

Jellys    Ferry     (near   Red 
Bluff;,  Cal.. 

Bieber,  Cal 

Gregory.  Cal 

Fruto,  Cal 

Below  Prattville,  Cal 

Oroville,  Cal 

Butte  Valley,  Cal 

Crescent  Mills,  Cal 

Smartville,  Cal 

A  t       Vantrent        (above 

"RTieatland),  Cal 

Fairoaks,  Cal 

Lower  Lake.  Cal 

Yolo,  Cal 

Winters,  Cal 

Herndon,  Cal 

Bakersfleld,  Cal 

Portersville,  Cal 

Threerivers,  Cal 

Sanger,  Cal 

Above  Merced  Falls,  Cal. . 
La  Grange,  Cal 

Oakdale,  Cal 

Knights  Ferry,  Cal 

Clements,  Cal 


(3) 


208 

215 
400 


9  300 

3  950 
608 
601 

506 

3  640 

73 

740 
1320 

368 

1910 

500 

1330 

805 

1637 

3.345 


266 

530 

1740 

1090 
1500 


1051 
935 
642 


Flood  Flows, 

IN  Cubic  Feet 

PER  Second. 

24-HouR 

Average. 


Li    U   l> 

(4) 


1  940 

1900 

2  560 

3  800 

4  310 


139  000 


13  000 
30  000 

16  300 

5  750 
88  100 

1  150 
7  000 

57  000 

17  000 
55  500 

2  300 

13  500 
23  100 
17  500 

4  035 


3  100 

4  560 
19  000 

13  000 

18  900 


9  700 

25  000 

8  530 


03  O 

(s) 


5  800 

3  800 

6  800 
6  350 

18  413 

4  820 

254  000 
196  000 
184  600 
27  500 
41  000 

29  300 
26  500 

9  850 
187  000 

1640 
11  400 
111090 

35  800 
105  000 

4  340 
3  680 

20  100 

30  000 

31  373 

30  780 
9  505 

8  851 

5  384 
5  4.30 

9  310 
43  980 
26  600 
37  500 
53  000 
24  400 

31  8(10 
13  940 
.57  200 
15  800 


t^ 

Valt 
op 

"d 

■CO 

1) 

If 

^  o 

fi 

0"0 

fa 

(6) 

(7) 

4 

45 

4 

37 

4 

117 

8 

49 

5 

72 

30 

15 

87 

88 

91 

5 

80 

6 

149 

9 

100 

111 

4 

46 

8 

154 

4 

36 

4 

89 

6 

233 

5 

194 

5 

158 

9 

17.0 

18.2 

7 

40 

4 

95 

7 

35 

40 

20 

93 

103 

96 

8 

36 

6 

38 

14 

58 

54 

8 

.59 

15 

76 

64 

60 

5 

34 

6 

150 

5 

55 

btr6 

as 


(8) 


22 
118 


40 
134 
37 
35 

192 

193 
130 

15.8 

45 
103 
47 

80 


87 
106 
49 


many  papers  and  reports.  Records  of  great  value,  owing  to  their 
completeness  and  reliability,  have  been  furnished  by  John  H.  Cook, 
M.  Am.  Soc.  C.  E.,  for  the  Passaic  River;  by  Richard  A.  Hale,  M.  Am. 
Soc.  C.  E.,  for  the  Merrimac  River;  and  by  James  L.  Tighe,  M.  Am. 
Soc.  C.  E.,  for  the  Fomer  River. 
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TABLE  2G, — Values  for  Coefficient,  C, 
IS  Formula,  Q  =  C  A^-^    (1  +  0.8  log.  T). 

Northern  Pacific  Coast. 


Name  of  strejini. 


(I) 


Rofriie 

Uinpqua  (South  Fork). 
Columbia 


Location  of  station. 


(2) 


Clark  Fork. 
Missoula.. . . 
Bitterroot . . 
Bitierroot .. 
Spokane — 


Salmon  Creek. 

Metliow 

Chelan 

AVenachee 

Yakima 

Yakima 

Yakima 

Yakmia 


Kachess  Lake,  on  Kachess 

River 

Clealum  Lake 

Naches 

Naches 

Snake  (South  Fork) 

Snake  i South  Fork) 

Snake  (South  Fork) 

Snake  (South  Fork) 

Snake  (North  Fork) 

Fall 

Teton  

Hlaokfoot 

Boise 

Boise 


Tolo,  Ore 

Brockuay,  Ore 

Cascade  Locks  and  The 
Dalles,  Ore 


Newport,  Wash.  . , 

Missoula,  Mont 

Grantsdale,  3Iont. 

Missoula,  Mont 

Spokane,  Wash 


Malott.Wash 

Pateros,  Wash 

Chelan,  Wash 

Cashmere,  Wash 

Mart  in.  Wash 

Cle  Elum,  Wash 

Uintanum,  Wash 

Union  (Jap  'near  Y'aki- 
ma.  Wash. ) 


Easton,  Wash 

Roslyn.  Wash 

Nile.  Wash 

North  Y'akima,  Wash.  . 

Moran,  Wyo 

Lyon.  Idaho 

Near  Jlinidoka.  Idaho. 

At  Minidoka.  Idaho 

Ora,  Idaho 

Fremont,  Idaho 

Near  St.  Anthony,  Idaho 

Presto.  Idaho 

Hifrhland,  Idaho 

Boise,  Idaho 


Malheur  . 
Malheur. 
Payette.. 
Weiser. . . 


I 

.  jVale,  Ore 

.'Near  Vale,  Ore 

.  Horse  Shoe  Bend,  Idaho 
.  i  Weiser.  Idaho 


Grande  Ronde Hilpard.  Ore... 

Grande  Runde ]  Elgin,  Ore 

Wallowa Joseph,  Ore 

Palouse 'Hooper,  Wash. 

Owyhee Owyhee,  Ore.  . 


j-"^ 


Flood  Ft.owb, 

IN  Cubic  Feet 

PER  Second. 

24-Hour 

Average. 


r£ 

^J 

te>.a;  : 

^S' 

S3g<1 

u 

5*"^ 

■<!  O" 

(3) 

(4) 

2  080 

34  325 

1800 

49  725 

237  000 

754  100 

24  000 

99  100 

5  960 

20  544 

1  550- 

9  487 

3  260 

23  070 

4  000 

23  550 

152 

356 

1710 

11307 

950 

8  540 

1250 

16  450 

56 

2  640 

500 

15  310 

1540 

25  000 

3  300 

29  280 

63 

1530 

205 

7  500 

63.6 

8  412 

1120 

11  948 

820 

9  146 

5  480 

38  457 

17  900 

28  8*5 

22  600 

41540 

1040 

3  800 

390 

2  984 

960 

4  390 

1020 

1870 

2  610 

11716 

2  450 

17  880 

4  190 

7  893 

OSiQO 

3  571 

2  240 

14  237 

1670 

9  732 

660 

8225 

13.50 

5  696 

47 

6.59 

2  210 

6  526 

11  100 

12  250 

Larger 

flood. 

Q- 

(5) 


48H00 
70  700 

1  390  000 

1  188  000 

1  040  000 

903  000 

155  000 

35  800 

12  875 

37  437 

.85  200 

32  875 

31  500 

29  024 

577 

11960 

9  800 

19  000 

6  150 
25  600 
41000 

03  900 

2  300 
17  700 
21100 
21900 

20  890 
51  450 
38UC0 
53  ICO 

5  370 
4  160 

7  620 
2  370 

17  000 
40  130 
28  572 
14  540 
4445 

19  500 
17  940 
17115 

4  607 

8  349 
728 

17  200 
16  430 

20  930 

18  000 


(6) 


Values 
ofC. 


(7) 


74 
119 

32 

29 

30 

30 

29 

20.0 

22 

39 

23 

25 

27 

27 
6.7 

19 

25 

43 
151 
119 

78 

58 

56 
154 
74 
47 
58 
31 

9.0 
11.8 
12.2 
23 
18.4 

6.0 
20 
44 
43 
11.8 
1.9 
27 
26 
28 
17.3 
16.8 
22 
21 
23 
6.9 
7.4 


Sfe 


(8) 


78 
124 


6.5 

29 

35 

55 
105 
105 

70 

45 

55 
106 
48 
44 
43 
34 
11.4 
13.7 
14.6 
25 
18 
7.3 
22 
34 

10 
2.2 
29 


18 
18 
80 
18.7 

7.1 
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TABLE  26.— (Continued.) 


[Papers. 


(1) 


Umatilla 

Umatilla 

John  Day 

Deschutes 

Deschutes 

Deschutes 

Willamette  ^MiddleFork) 
Willamette 

Willamette  (Coast  Fork) 

McKenzie. 

Yamhill 

Cedar 


(2) 


Gibbon,  Ore 

Yoakum,  Ore 

McDonald,  Ore 

Allen       Ranch       (near 

Lava),  Ore 

At  West's  Ranch  (near 

Lava),  Ore 

BipTgs,  Ore 

Jasper,  Ore 

Albany,  Ore 

Goshen,  Ore 

Springfield,  Ore 

Sheridan,  Ore 

Ravensdale,  Wash 


(3) 

(4) 

(S) 

(6) 

(7) 

353 

3  808 

10  000 
4  217 

10 

52 
42 

1200 

9  200 

23  900 

6 

51 

7  800 

13  070 

22  800 

5 

11.1 

880 

1330 

2  150 

4 

6.4 

1  240 

2  500 

4  000 

4 

9.2 

9  180 

18  050 

30  600 

4 

14.3 

1450 

62  850 

122  000 

4 

244 

4  860 

115  500 

188  000 
182  000 
179  000 
168  000 

19 

102 
122 
126 
130 

690 

20  500 

31300 

4 

109 
113 

960 

27  475 

87  900 

4 

106 

390 

15  475 

18  100 

4 

133 

170 

4  612 

10  800 
6  420 

10 

98 
91 

(8) 


8.5 

12 
186 
130 


109 

113 

165 
6 


From  the  report  of  Emil  Kuichling,  M.  Am.  Soc.  C.  E.,  on  the 
Water  Supply  for  the  New  York  State  Barge  Canal,  many  data,  for 
both  American  and  foreign  streams,  have  been  taken,  as  well  as  a 
summary  of  the  formulas  previously  proposed. 
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TABLE    27. 


-MiSCKLLANKOUS     MAXIMUM      FLOODS,     ARRANGED     IN 

Order  of  Values  of  A'. 
Q  (Max.) 


K  = 


^10.8  (1^2  A-^-^) 


Stream. 

(I) 


Dry  Run,  Ohio 

WestfleUi,  Mass 

Esopus.  at  Saugerties,  N.  Y 

Hurgoons  Run,  Pa 

Lake  Roland,  Md 

Br.  Conemaugh,  at  Johnstowu,  Pa.  (Johns- 
town flood ) 

Sawkill,  N.  Y.,  45  miles  above  mouth 

Chemung,  at  Elmira,  N.  \' 

Neshainmy,  below  Forks,  Pa 

Little  Tennessee,  at  Judson,  Tenn 

Six  Mile  Creek,  at  Ithaca,  N.  Y 

Potomac,  at  Great  Falls,  Md 

East  Branch,  Delaware 

Ti>bickon.  at  Pt.  Pleasant,  Pa 

Tennessee,  at  Chattanooga,  Tenn 

Savannah,  at  Augusta,  Ga 

Perkiomen,  at  P'rederick,  Pa 

Spring  Creek,  Pa 

Croton,  at  Croton  Dam,  N.  Y 

Catskill,  at  Woodstock,  N.  Y 

Susquehanna,  at  Harrisburg,  Pa 

Ramapo.  N.J 

Rock  Creek,  D.  C 

Gunpowder,  Md 

Millbrook,  N.  Y 

Delaware,  at  Stockton,  N.  J 

Mouougahela,  Pa 

Nine  MiieCk.,  at  Stittville,  N.  Y 

Raritan.  at  Bound  Brook,  N.  J 

Nashua,  .Mass 

St'  iny  Creek,  at  Johnstown,  Pa 

Youghioghenv,  )'a 

Flat  River,  R"  I 

Susquehanna,  at  McCalls  Ferry 

Trout  Brook,  at  Brooksport,  N.  Y 

Pequonnock,  Conn 

Kennebec.  Me 

Sch(  ihane,  N.  Y 

Tuckaseegee.  at  Bryson,  N.  C 

Mad  Brook.  N.  Y 

Susquehanna,  at  Danville,  Pa 

Fomer,  above  reservoir.  Mass 

Buffalo  Creek,  N.  Y 

Ohio,  Pa 

Rhine,  at  Macon,  Ga 


Area. 

(a) 


0.8 
&56.0 
417.0 

S.O 
39.0 

48.6 
35.0 
2  055.0 
139.0 
675.0 
4e.O 
11  500.0 
920.0 
102.0 
21  418.0 
7  300.0 
152.0 
11.6 
339.0 
210.0 
24  030.0 
118.0 
77.5 
302.0 
9.4 
6855.0 
5  430 
62.6 
879 
100.0 
428 
782.0 
61.0 
26  766.0 
25.0 
25 
4  270 
9:i0 
662 
5 
11  070 
13 
420 
19  000 
2  574 


Date. 

(3) 


1912 

1878 


1889 
1868 

1889 
1895 
1889 


1905 
1889 
1904 


1867 


1908 
1867 
1901 
1889 
1903 


1889 
1905 
1841 

1888 


1882 
1848 


1888 
1843 
1904 


1901 
1901 


1905 
1902 


1902 
1907 


Flood. 
(4) 


4  500 
53  000 
55  000 

8  200 

9  000 

10  000 

8  000 

138  000 

19  000 

57  500 

8  500 

470  000 

72  000 

14  100 

735  000 

310  000 

17  600 

3000 

30  000 

21000 

700  000 

12.500 

S800 

25  000 

2  300 
255  000 
207  000 

7  820 
52  000 
11400 
30  000 
46  000 

7  350 
671  000 

3  950 

4  000 
156  800 

49  600 
38  750 

1  300 
305  000 

2  380 
23  000 

440  000 
96  500 


1  +  24-0-' 

^0.8 

(5) 

.6) 

1.98 

5.3 

1.84 

110.0 

1.32 

125.0 

2.07 

5.28 

1.67 

18.7 

1.63 

22.4 

1.69 

17.2 

1.20 

446 

1.45 

52 

1.28 

184 

1.63 

21.4 

1.12 

1750 

1.26 

238 

1.50 

40.5 

1.10 

2  910 

1.14 

1230 

1.44 

56 

1.96 

7.10 

1.35 

105.0 

1.40 

72 

1.10 

3  200 

1.49 

42.3 

1.54 

32.7 

1.36 

96.4 

2.02 

6.10 

1.14 

1170 

1.15 

975 

1.58 

27.5 

1.26 

230 

1.49 

42.8 

1.32 

127 

1.27 

206 

1.58 

26.5 

1.09 

3  500 

1.76 

13.1 

1.76 

13.2 

1.16 

802 

1.26 

236 

1.28 

180 

2.23 

3.62 

1.12 

1720 

1.92 

7.8 

1.32 

125 

1.10 

2650 

1.19 

585 

K 

(7) 


360 
358 
333 

292 

288 

275 
275 
257 
252 
245 
243 
240 
240 
232 
228 
221 
217 
216 
212 
208 
200 
198 
195 
191 
191 
190 
184 
180 
180 
179 
179 
177 
176 
176 
171 
171 
168 
167 
163 
161 
159 
159 
152 
151 
151 


TABLE  28. 


Catchment 

Flow  From  Forsitjla  : 

Flow  by  McMath  Formula  : 

area, in 
square  miles. 

ti) 

(?(Max)  =  C  A"-"  (1+0.8  log.  r)  (1+2 
A    »•»)  C'=65,  r=20;  .dinsquaremiles. 

(2) 

Q=CR  '4SA* 
C  =  0.50;  R  =  2.75  in.;  A  in  acres. 

(3) 

0.1 
1.0 
10.0 

104 

398 

1680 

76  (S  =  30) 

440  (S  =20) 

2  420  (S  =  10) 
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TABLE  30. — Flood  Flows  on  Foreign  Streams. 

(Data  from  Report  on  Barge  Canal,  State  of  New  York,  Part  14, 

by  Emil  Kuichling.) 

Q 


iv  = 


(^"•8)  (1  +  2  A-'^-^y 


River. 

(1) 


Area. 

(2) 


Flood. 

(4) 


l+24-o-^ 

^0.8 

(S) 

(6) 

1.59 

25.5 

1.34 

104 

1.29 

165 

1.35 

239 

1.65 

20.0 

3.11 

5.1 

3.13 

4.70 

3.37 

2.80 

2.16 

4.30 

3.20 

3.90 

2.61 

1.76 

3.35 

2.95 

1.48 

45.0 

1.30 

154 

1.30 

475 

3.8 

1.25 

1.41 

67.0 

1.81 

11.0 

1.53 

35.0 

2.11 

4.90 

1.41 

65.0 

1.70 

16.0 

2.09 

5.20 

1.61 

23.0 

1.23 

370 

1.98 

6.8 

1.98 

6.9 

1.48 

46.0 

1.35 

99 

1.41 

65 

1.33 

117.0 

1.14 

1185 

3.40 

2.65 

1.38 

80 

1.47 

47 

1.30 

156 

1.43 

59 

1.57 

27 

1.33 

128 

1.34 

112 

;.4i 

65 

i.77 

12.8 

1.39 

77.0 

1.49 

43.0 

1.36 

94 

1.45 

54 

1.40 

72 

1.31 

140 

1.16 

875 

1.32 

370 

1.83 

10.6 

K 

(7) 


Pliessnitz,  Germany 

Irrity,  India 

Towbrapoorny,  India 

Dept.  de  TArdeche,  France 

Zacken,  Germany 

Kemlitz  and  Dittelsdorfwa.sser,  Germany 

Spree,  Germany 

Wittgendorf bach,  Germany 

Landwasser,  Germany 

Kemlitz,  Germany 

Dittelsdorf  wasser,  Germany 

Landwasser,  Germany 

Quels,  Germany 

Tessin,  Bellinzona,  Italy 

Loire,  France 

Wittgendorfbach,  Germany 

Bruna,  Italy 

Landwasser,  Germany 

Stream  in  Switzerland 

Nebenwasser,  Germany 

Quels,  Germany 

AUaciente,  Italy 

Hungary 

Mandau,  Germany 

Rhine,  Germany 

Brook  near  Dublin,  Ireland 

Woodhead  Reservoir,  England 

Mandau,  Germany 

Ostrawitza,  Germany 

Murg,  Germany 

Kinzig,  Germany 

Loire,  France 

Schopsbach,  Germany 

Murg,  Germany 

Wittig,  Germany 

Kinzig,  Germany 

Wiese,  Germany 

Toss,  Germany. . . '. 

Olsa,  Germany 

lUer,  Germany 

Elz,  Germany 

Torside  and  Rhodeswood  Reservoir,  England 

Serein,  France 

Serein,  France 

Olsa,  Germany 

Brenne,  France 

Cure,  France 

Lausitzer,  Germany 

Neckar,  Germany 

Ombrone,  Italy 

Medlock,  England 


58.0 


336 

587 

938 

42. 

7. 

6. 

3. 

6. 

5. 

2. 

3. 

116. 

541 

3200 

1. 

189 

20. 

87. 

7. 

183. 

33. 

7. 

50. 

1620 

10. 

11. 

119 

313 

184 

386 

6  945 

3. 

246 

132 

550 

163 

63 

435 

367 

185 

24. 

226 

108. 

291 

145 

208 

481 

4  770 

1620 

18. 


1890 


1827 

i887 
1887 
1887 
1887 

1887 
1887 
1888 

1846 

1887 

1887 

1887 
1888 

1875 

1887 

imi 

1849 
1890 
1894 


1887 

mb 

1876 

i852 

i874 
1880 

i857 


47  700 
150  000 
190  000 

247  000 

21  000 
6  790 

6  210 
3  650 
5  050 
4500 

2  28' 

3  400 
30  700 
89  000 

248  000 
1450 

35  700 

7  350 
18  500 

3  550 
30  200 

8  350 
3  170 

10  500 

131  000 

3  560 

3  520 

16  000 
34  000 

22  900 
38  800 

318  500 

1500 

34  700 

14  800 
42  200 

17  600 
8  500 

33  700 
27  200 

15  900 
3  860 

17  700 
10  600 
20  800 
12  400 
15  900 
29  000 
159  000 
69  5(J0 
3  030 


1  180 
1070 
890 
837 
635 
630 
630 
550 
540 
515 
495 
490 
460 
444 
435 
415 
375 
370 
350 
340 
330 
305 
390 
385 
268 
260 
260 
335 
254 
350 
350 
240 
2.35 
224 
214 
208 
308 
200 
198 
179 
172 
170 
165 
165 
163 
159 
159 
158 
157 
154 
156 
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A  MECHANISM  FOR  METERING  AND  RECORDING 

THE  FLOW  OF  FLUIDS 

THROUGH  VENTURI  TUBES,  ORIFICES, 

OR  CONDUITS 

BY  INTEGRATING  THE  VELOCITY  HEAD.* 


By  J.  W.  Ledoux,  M.  Am.  Soc.  C.  E. 


During  the  last  century,  and  even  prior  thereto,  investigations,  both 
theoretical  and  practical,  and  many  experiments  were  made  in  order 
to  solve  the  problem  of  the  flow  of  water  through  pipes,  orifices,  short 
tubes,  etc.  Venturi,  an  Italian  investigator,  made  very  interesting 
experiments  about  1790,  and  devised  what  has  since  been  called 
Venturi's  tube,  which,  due  to  its  peculiar  shape,  possessed  the  prop- 
erty of  discharging  water  with  a  very  small  amomit  of  friction.  He, 
as  well  as  later  investigators,  deduced  formulas  for  the  velocity  and 
velocity  head  which  do  not  differ  much  from  those  at  present  in  use. 

In  1887  and  1888  Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  first  sug- 
gested the  practical  use  of  Venturi's  tube  as  a  water  meter.f  His  sug- 
gestion was  far-reaching,  because  any  device  that  could  be  used  to 
record  or  integrate  the  velocity  head  of  the  "Venturi  tube  would  also 
perform  that  fiiiu-tion  for  any  orifice  or  contraction  in  a  pipe  or  con- 
duit wherein  the  flow  is  a  function  of  the  velocity  head.  Since  that 
time  many  efforts  have  been  made,  with  varying  degrees  of  success, 
to  design  a  registering  mechanism  which  would  indicate  reliably  the 

•This   paper  will   not  be  presented   at  any  meeting,   but  written   communications 
on  the  subject   are  invited  for  publication  with   It  in   Transactions. 
^Transactions.  Am.  Soc.  C.  F...  Vol.  XVTI.  p.  228.  and  Vol.  XVUI.  p.  Vi3. 
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total  discharge  through  such  a  tube  or  orifice.  Mr.  Herschel  has  made 
several  inventions  of  this  cliaracter. 

One  of  the  most  attractive  devices  for  this  purpose  consists  of  a 
small  meter  in  a  by-pass  connecting  the  full  and  contracted  sections 
of  a  Venturi  tube.  Several  engineers,  including  the  writer,  have  inde- 
pendently conceived  this  idea,  but  afterward  abandoned  it  as  imprac- 
ticable. At  high  velocities  such  a  contrivance  will  give  approximate 
results,  but  when  the  velocity  is  low,  the  velocity  head,  or  moving 
force — ^which  varies  as  the  square  of  the  velocity — is  too  minute  to 
operate  a  moving  mechanism. 

Some  of  the  early  devices  for  indicating  and  recording  the  velocity 
head  were  based  on  Bourdon  tubes,  and  in  some  cases  diaphragms  bal- 
anced by  springs  were  used.  One  of  Mr.  Herschel's  earliest  devices 
was  an  ingenious  apparatus  based  on  the  former  principle ;  but, 
eventually,  all  these  were  abandoned  in  favor  of  mercury,  which  was 
found  to  be  much  more  constant,  reliable,  and  satisfactory  as  a  trans- 
mitting medium. 

The  fundamental  principles  of  the  subject  will  be  considered 
briefly.  The  flow  of  water  and  other  liquids  as  well  as  gases  follows 
the  eternal  and  unchangeable  law  of  gravity.  For  steady  flow  this 
may  be  represented  by  the  expression:  "Velocity  is  proportional  to 
the  square  root  of  the  head  producing  velocity,"  or,  algebraically, 

v=  c  Vfi, 

in  which  V  =  the  velocity,  in  any  convenient  unit, 
H  =  the  head  producing  such  velocity, 
and  (7  =  a  constant   depending    on    the  unit  of    measure- 
ment and  the  character  of  space  through  which 
the  fluid  flows. 
V  may  be  expressed  in  feet  per  second,  miles  per  hour,  etc.,  and 
H,  the  effective  head,  may  be  expressed  in  feet,  or  in  pounds  per  square 
inch,  etc. 

The  space  may  be  a  pipe  of  any  length,  a  submerged  orifice,  an 
open  inclined  channel,  a  Venturi  tube,  or  a  nozzle.  It  is  seen  that 
this  is  the  form  of  the  simplest  equation  of  a  parabola : 

y-  =  ex. 
For  practical  purposes,  the  ideal  form  of  meter  would  be  a  device, 
connected  by  small  tubes  with  adjacent  parts  of  a  pipe  through  which 
fluid  is  flowing,  which  would  measure  avitomatically  the  square  root 
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of  the  head  or  pressure  producing  the  velocity.  Such  a  device  would 
offer  no  resistance  or  obstruction  to  the  flow  through  the  pipe.  It 
has  been  impossible,  heretofore,  to  achieve  this  ideal,  because  the  forces 
due  to  velocity  head  are  so  minute  as  to  be  difficult,  if  not  impossible, 
to  measure  or  integrate  when  the  velocity  is  low. 

Theoretically',  the  Venturi  tube  is  a  contraction  in  the  pipe, 
formed  so  as  to  cause  small  frictional  resistance  to  flow;  and  it  is 
remarkable  how  slight  this  contraction  may  be  in  order  to  produce 
the  same  difference  in  velocity  head  as  that  caused  by  Pitot  tubes 
without  contraction  in  the  pipe.  In  fact,  the  diameter  of  the  con- 
tracted portion  need  not  differ  from  that  of  the  full  section  by  more 
than  17.7%  in  order  to  produce  the  full  effect  of  two  Pitot  tubes,  one 
pointing  up  and  one  pointing  down  stream,  with  their  openings  in 
the  center  of  the  pipe,  or  at  the  points  of  maximum  velocity.  In 
practice,  however,  the  Venturi  tube  is  composed  of  a  short  pipe  con- 
tinuously connected  with  the  main  pipe  by  a  conical  section  pointing 
up  stream  and  a  longer  conical  section  pointing  down  stream,  the 
convergence  of  these  two  sections  being  dependent  on  experimental 
determinations,  the  object  being  to  obtain  the  highest  flow  with  the 
least  frictional  or  unrecoverable  loss  of  head  through  the  entire 
Venturi  tube.  These  angles  of  convergence  and  divergence  have  been 
determined  by  Venturi  and,  in  more  modern  times,  by  Weisbach, 
Eytelwein,  Francis,  Smith,  Herschel,  and  possibly  others,  but,  at  any 
rate,  it  is  pretty  well  settled  that  they  should  be  somewhere  between 
fairly  wide  limits,  beyond  which  the  results  are  certainly  not  as  good. 
However,  they  may  be  relatively  the  same  for  all  Venturi  tubes, 
whether  the  contraction  is  nearly  as  large  as  the  pipe  or  very  much 
smaller,  the  difference  being  that  in  the  former  case  the  entire  Venturi 
tube  would  be  short  and  in  the  latter  case  long.  Of  course,  the  pur- 
pose of  a  Venturi  tube,  the  contracted  section  of  which  is  small  as 
compared  to  the  full  bore  of  the  pipe,  is  to  exaggerate  the  velocity 
head  indications  so  that  they  can  be  observed  and  measured,  especially 
for  low  flows.  To  illustrate,  consider  the  simple  formvda  of  a  stand- 
ard Venturi  tube,  having  a  coefficient  of  velocity  =  0.977 : 

V  =  7.84  /-^ 

a 

in  which  the  only  two  variables  are  V  and  H. 


(i) 
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V  =  the  velocity  through  the  full  section,  in  feet  per  second; 
H  =  the  difference  in  piezometric  heads  between  the  up-stream 

section  and  the  contracted  section,  in  feet; 
D  =  the  diameter  (or  radius)  of  the  full  section; 

d  =  the  diameter  (or  radius)  of  the  contracted  section. 

This  formula  may  be  written: 

H  =  o.oio3r  ((f)'-i). 

Now,  assume  a  velocity  in  the  main  as  low  as  0.25  ft.  per  sec.    Then 
the  formula  may  be  written 

(_)    =1  +  982  if; 

and  assiame  0.01  ft.  to  be  as  low  as  it  is  possible  to  indicate  E ;  then 

D  */ 

_  =  ^10.82  =  1.86, 

which  means  that  when  the  velocity  through  the  main  is  as  low  as 
0.25  ft.  per  sec,  if  it  is  desired  to  get  an  indication  of  the  velocity 
head  as  great  as  0.01  ft.,  the  contracted  section  of  the  Venturi  tube 
must  be  less  than  54%  as  large  in  diameter  as  the  main.  However, 
with  a  tube  ha.ving  ratios  of  diameters  equal  to  3  to  1, 

B  =  0.0815   ft.  for   V  =  0.25  ft.  per  sec. 

Even  this  result  cannot  be  obtained  with  the  best  apparatus  formerly 
in  use,  unless  one  of  the  essential  features  of  the  Venturi  meter  is 
seriously  sacrificed,  namely,  the  measurement  of  high  velocities. 

The  best  types  of  Venturi  meter  registers  have  formerly  depended;' 
for  their  registration  on  some  form  of  cam  having  a  parabolic  curve,; 
fashioned  around  a  drum  or  revolving  about  a  center.     Near  zero,  or 
the  origin,  the  curve  changes  in  direction  rapidly,  and  at  zero  crosses 
one  of  the  axes  of  reference  at  right  angles  and  becomes  parallel  to 
the  other.     It  is  probably  this  feature,  more  than   any  other,   which 
has  limited  the  minimum   velocity  measurable  by   a   Venturi   meter; 
and  though  the  measurement  of  low  velocities  is  attainable  by  a  high  ; 
ratio  of  tube  diameters,  there  is  thus  encountered  the  other  difficulty  ' 
of  excessive  frictional  loss  through  the  Venturi  tube  for  comparatively 
high  velocities.     If  it  is  even  intended  to  measure  velocities  as  high 
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as  10  ft.  per  sec,  which  is  occasionally  desirable,  the  frictional  head 
throujrh  a  Venturi  tube  having  a  ratio  of  3  to  1  in  diameters,  or  9  to  1 
in  areas,  would  be  IT  ft.,  obtainable  from  the  formula: 

Hf  =  0.0021    V-.,, 
in  which  Hf  =  the  frictional  head,  in  feet, 

and  T^._,  =  the  velocity  through  throat,  in  feet  per  second. 

Besides  that,  in  any  form  of  register  depending  on  mercury  as  the 
medium  of  indicating  the  velocity  head,  in  order  to  cover  ranges  of 
velocity  from  10  'ft.  per  sec.  down  to  zero,  the  apparatus  would  have 
to  be  more  than  11  ft.  high.  In  a  tube  having  a  ratio  of  2  to  1  in 
diameters,  or  4  to  1  in  areas,  with  a  velocity  of  10  ft.  per  sec.  through 
the  main,  the  frictional  head  would  be  only  3.36  ft.  This  is  still  a 
material  loss,  but  a  velocity  of  10  ft.  per  sec.  is  unusually  high. 

It  must  be  remembered  that,  as  far  as  metering  a  fluid  is  con- 
cerned, any  form  of  orifice  or  contraction  in  a  pipe  would  be  just  as 
good  as  a  Venturi  tube.  It  is  also  highly  probable  that  the  coefficient 
of  flow  would  remain  as  nearly  constant  through  just  as  wide  a  range 
of  velocities;  but  the  great  advantage  of  a  Venturi  tube  is  in  its  small 
frictional  resistance  to  flowing  fluid,  and  in  this  respect  it  is  the 
best  shape  yet  devised. 

The  writer  will  now  describe  a  form  of  meter  register  particularly 
adaptable  to  the  registration  of  flows  through  any  form  of  orifice,  such 
as  by  the  use  of  Pitot  tubes  and  Venturi  tubes  of  small  ratios  and 
consequently  minimum  frictional  heads.  The  fundamental  principles 
were  discovered  by  the  writer  in  1004  and  were  finally  developed  into 
the  best  practical  working  form  in  1909.  The  basic  idea  is  a  float, 
shaped  so  that,  when  acted  on  by  the  head  due  to  the  velocity  of  flow- 
ing li(iui(l.  it'i  movement  will  be  directly  proportional  to  that  velocity. 

The  device  i.s  novel  in  form,  and  covers  a  principle  in  hydraulics, 
which,  although  rational  and  perfectly  obvious  on  analysis,  "the  writer 
believes  has  not  heretofore  been  recognized.  This  may  be  stated  as 
follows :  If  a  hollow  body  of  any  shape,  with  open  bottom,  floats  freely 
in  a  liquid  having  the  same  specific  gravity  and  touches  another 
liquid  of  greater  specific  gravity,  and  if  the  relative  pressures  without 
and  within  this  hollow  body  are  changed  so  as  to  make  the  internal 
pressure  less  than  the  external  pressure,  then  the  body  will  sink  into 
the   heavy    liquid,    and    the    amount    of   displacement   will   be    exactly 
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equal  to  the  quantity  of  the  heavier  liquid  which  will  pass  up  into  the 
interior  of  the  body  and  above  the  level  of  the  heavier  liquid  outside 
of  the  body. 

Let  the  hollow  body,  or  float,  be  represented  hy  n  n  a  a,  Fig.  1; 
assume  it  to  be  a  figure  of  revolution,  and  call  the  total  volume  of 
heavy  liquid,  a  a  m  m,  within  the  float  M. 

The  principle  may  be  understood  by  a  consideration  of  the  laws 
of  equilibrium — the  algebraic  sum  of  the  vertical  forces  must  be  equal 
to  zero;  the  sum  of  the  \ 
horizontal  forces,  and  the 
sum  of  the  moments  must 
all  be  equal  to  zero.  We 
need  consider  only  the 
first  condition  as  affect- 
ing the  problem.  At  the 
plane,  h  c  c  h,  the  heavier 
liquid  '  is  subject  to  the 
same  unit  pressure  within 
and  without  the  hollow  B 
body,  but  the  resultant 
of  external  forces  acting- 
downward  on  the  hollow 
body  is  measured  by  the 
weight  of  the  heavier 
liquid,  m  m  c  c,  and  the 
total  upward  force  acting 
on  the  body  is  the  dis- 
placement of  the  annular 
portion  of  the  body,  hca- 
hca.  For  equilibrium,  the 
algebraic »  sum  of  these, 
two  forces  must  be  equal! 
to  zero,  and,  as  one  is 
positive  and  the  other  negative,  they  must  be  equal  in  amount;  but,  if 
that  is  the  case,  the  entire  quantity  of  liquid  equivalent  to  the  displace- 
ment of  the  hollow  body,  and  no  more,  must  be  found  in  the  interior 
of  the  hollow  body,  and  hence  the  outer  level  of  the  surface  of  the 
heavy  liquid  does  not  change  with  variations  of  pressure  outside  and 
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inside  the  float.*  If  there  is  a  diflference  of  pressure,  H,  then  the 
float  will  sink  into  the  heavier  liquid  an  amount  represented  by  the 
annular  volume,  ach,  which  will  be  called  V ;  and  the  net  volume 
of  liquid  m  m  c  c,  will  also  be  equal  to  V,  and  /i,  ^iH  be  proportional 
to  //.  As  before  stated,  the  level  hh,  will  always  be  the  same,  no 
matter  what  the  values  of  II,  li^,  and  V  may  be. 

Let    X  =  the  vertical  movement  of  the  float  from  a  given  datum; 
H  =  the  Venturi  head; 
/i^  =  the  corresponding  mercury  head; 
V  =  the  velocity  through  the  Venturi  tube; 
y  =  the   ordinate  or  variable  radius   of  the  inner  portion  of 

the  float; 
h  =  the  corresponding  abscissas,  measured  from  the  bottom 

of  the  float; 
r  =;  the  constant  radius  of  the  outer  cylindrical  portion  of  the 
float; 
J\I  =^  the  total  volume,  a  a  m  m,  of  the  heavy  liquid  within 

the  float; 
Fp  =  the  volume  of  heavy  liquid  above  cc; 
and  V^  =  the  volume  of  the  float  below  he  ch. 

Assume  the  radius  of  the  pipe,  P,  to  be  srqall  and  negligible. 
Take,  by  hypothesis,  v  a  x,  also  for  unity  the  coefficient,  x^  =  h.^,  for 

u  a  \f  H  oc  V  /«2- 

Therefore,  the  cross-section  of  the  float  must  conform  to  the  follow- 
ing equation : 


y  = 


■^nI'-^- 


derived  as  follows; 


H  =  12.0  h.-. 


h    =  X  +  /i,  =  X  -f-  a;^. 


Geometrically,  M  =  7t  r^  x  ■+-  Vq  —  Fj 

but  Fq  =  Fj,  therefore,  M  =  tc  r^  x (6) 

(IM             „ 
Differentiatmg,  we  have  — - —  =  tc  ir (7) 

*  If  the  float  were  not  free  to  move  vertically— that  is,  if  it  were  restricted  in  any  way, 
aa  with  a  variable  lever  arm,  counterweight,  or  spring  then  the  movements  of  the  liquids 
would  not  follow  the  law  stated;  but,  as  the  difference  of  pressure  became  trreater,  the 
s-urface  level  of  the  heavy  liquid  would  fall  below  a  fixed  level  on  the  outside  and  rise 
above  a  fixed  level  on  the  inside. 


1072  METERING   AND   RECORDING   THE   FLOW    OF    FLUIDS      [Papers. 

Also,  by  the  differential  equation  of  cubature, 

^/i,  =  x  +  x^ 
M=7t       y-dh  (8) 

clM 
Differentiating,   we   have  — - —  ^  tc  y'^  (\  +  2  x) (9) 

Combining  Equations  (7)  and  (9)  and  reducing,  we  have 

w2  =  — (10) 

\mt  h  =  x-\-  x^ (11 ) 

hence  x  =  —  a  —  \|  '*^~^7 (-'^^^ 

and  as  /i  ==  0  when  a;  =  0,  we  must  use  the  plus  sign  before  the  radical, 
therefore, 

This  is  an  equation  of  the  fifth  degree,  as  between  the  two  variables, 
h  and  y.  No  attempt  has  been  made  to  disciiss  this  equation  exhaus- 
tively or  plot  all  the  loci,  for,  though  this  would  be  interesting  from  a 
purely  mathematical  standpoint,  it  is  evident  that  only  that  locus  will 
satisfy  the  physical  conditions  wherein  both  h  and  y  have  positive,  real 
values. 

For  /i  =  0,  ?/  =  r  ;  and  for  h  ^  oc ,  y  =  0, 

thus  it  is  seen  that  there  are  no  values  of  7;  between  0  and  cc  which 
give  infinite  or  imaginary  values  of  y.  As  a  consequence,  the  integrat- 
ing apparatus  operated  by  the  sheave,  8,  is  theoretically  accurate  from 
zero  up  to  any  practical  limit  that  may  be  desired. 

The  shape  of  the  float  is  such  that  its  vertical  movement  is  propor- 
tional to  the  square  root  of  /;.,  or  H  (the  mercury  and  water  Venturi 
heads,  respectively) ;  and,  as  the  velocity  through  the  Venturi  tube  is 
also  proportional  to  the  square  root  of  H,  the  vertical  movement  is 
directly  proportional  to  the  velocity  or  quantity  of  water  passing 
through  the  Venturi  tube.  The  same  principle  will  hold  true  if  the 
Venturi  tube  is  replaced  by  any  form  of  orifice,  or  if  the  pipes,  A  and 
B,  be  connected  with  Pitot  tubes  in  a  main ;  for,  in  any  of  these  cases, 
the  H  values  represent  velocity  heads,  the  same  as  they  do  for  Venturi 
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tubes,   and   the   velocity  heads   are   always   proportional   to  the   square 
of  the  velocity  producing  the  head. 

It  is  perfectly  practical  to  have  x  less  or  greater  than  h.^,  for,  if  we 
assume  ex-  =  /<„,  Equation  (13)  becomes: 


■w.^l- 


+  h 


which  is  the  more  general  form,  in  which  we  can  give  to  c  any  value, 
consistent  with  practical  limitations.  For  general  use,  however,  Equa- 
tion (13)  is  satisfactory,  particularly  as  there  is  no  value  of  c  which  in- 
creases or  diminishes  the  accuracy  of  the  apparatus. 

In  these  calculations,  the  radius  of  the  pipe,  F,  within  the  float, 
is  assumed  to  be  so-small  that  it  does  not  affect  the  results.  Even  if  no 
correction  is  made  for  this  volume,  the  error  at  low  velocities  would 
be  negligible,  and,  at  maximum  velocities,  it  would  be  less  than  half 
of  1%,  provided  the  pipe  is  made,  as  small  as  possible.  Its  effect  is  to 
raise  slightly  the  level  of  the  heavy  liquid,  both  inside  and  outside  the 
float,  by  the  same  amoimt  and  aggregating  the  volume  of  displacement 
of  the  pipe,  P;  and,  where  it  is  desired  to  make  this  inside  pipe,  P.  of 
an  appreciably  large  outside  diameter,  allowance  must  be  made  for  its 
disturbing  influence.  The  final  rationally  derived  formulas  for  that 
purpose  are  as  follows : 
x'  =  A, 


h  =  x-\-  x^ -\- 


y2  -I-   _R2  _  ^.^Z  __  ^-i 

(r-  -  y')  (if  +  K'-  r,'  -  t') 


2  2/2  (2/2  +  ^2  -  r;'  —  7^)  —  2  rj2  (r^  _  y') 
in  which  the  only  variables  are  x  and  y, 
h^  ^  the  mercury  rise  as  before; 
X    =  the  vertical  movement  of  the  float ; 
and  y    =  the  variable  radius  of  the  interior. 
The  constants  are: 

R  =  radius  of  cylinder  containing  float; 
r    =  radius  of  outer  surface  of  float; 
and  7-,   =  radius  of  pipe  P. 
To  use  these  formulas  practically,  it  is  necessary  to  tabulate  x  and  y, 
h^,  and  finally  h;  h  representing  the  abscissas,  as  before,  and  y  the 
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ordinates.  The  necessity  of  this  complication  can  be  avoided  by  en- 
larging the  outer  cylinder  at  the  location  of  the  surface  of  the  mercury. 
Although  the  writer  has  devised  many  other  forms  and  modifica- 
tions, the  form  of  float  illustrated  in  Fig.  1,  and  covered  by  Equations 
(13)  and  (14),  is  believed  to  be  by  far  the  most  practical,  because  it 
provides  for  maximum  increments  of  volume  and  consequent  acciu'acy 
at  minimum  velocities;  and,  with  a  float  of  a  given  radius,  the  mini- 
mum clearances  are  possible  with  the  smallest  cylindrical  casing;  also, 
there  are  several  other  practical  advantages  of  importance.  When  this 
paper  was  first  prepared  it  contained  a  discussion  of  every  practical 
modification  of  form,  with  the  derivation  of  the  equation  of  each  float. 
These,  however,  would  take  up  too  much  space  and  be  of  mathematical 
rather  than  of  mechanical  interest. 

At  first  thought,  it  might  seem  that  a  more  practical  shape  would 
consist  in  a  cylindrical  interior  and  a  curved  exterior,  because  that 
would  be  formed  more  readily  and  accurately.  Its  cross-section  would 
be  a  curve  of  the  second  degree,  and  the  volume  would  be  a  paraboloid 
of  revolution,  convex  outwardly.  However,  it  cannot  be  made  with 
greater  accuracy,  or  probably  with  greater  facility,  and,  for  an  ap- 
paratus of  the  same  size,  the  form  shown  in  Fig.  1  is  almost  seven  times 
as  accurate  at  minimum  velocity. 

The  essential  requirements  of  a  water  meter  are : 
1st.  Accuracy  within  the  range  of  the  apparatus. 
2d.  Range,  or  ability  to  measure  accurately  flows  in  which  the  per- 
centage of  the  maximum  is  a  minimum. 
3d.     Minimum  frictioral  resistance  to  flow. 

4th.  Reliability,  or  ability  to  perform  with  the  greatest  continuity, 
the  minimum  of  attention,  and  the  least  danger  of  accident  or 
damage. 
5th.  Long  life  and  small  re])airs. 
6th.  Low  cost. 
7th.  Simplicity. 

8th.  Accessibility— easy  to  examine  and  adjust. 
'        9th.  Minimum  dimensions  and  weight,  so  as  to  occupy  the  least 
space. 
10th.  Good  appearance. 

The  apparatus  having  the  principles  shown  in  Fig.  1,  and  described 
more  in  detail  herein  approximately  fulfills  these  ten  requirements. 
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One  of  the  first  difSoulties  to  overcome  was  to  prevent  air  from 
accumulating  at  the  upper  interior  of  the  float  in  Fig.  1.  Such  an 
accumulation,  of  course,  would  lighten  the  float  and  therefore  vitiate 
the  results.  Two  check-valves  opening  upward  are  placed  in  the  cap 
of  the  float.  These  are  opened  automatically  when  the  velocity  head 
reaches  the  maximum,  and  they  can  be  opened  at  will,  by  a  hand 
device,  from  the  outside  of  the  bottom  of  the  pressure  chamber,  without 
otherwise  dismantling  the  meter.  This  same  device  also  automatically 
prevents  the  loss  of  mercury  when  the  flow  reaches  an  amount 
beyond  the  maximum  capacity  of  the  meter  register,  as  it  equalizes 
the  pressure  within  and  without  the  float. 

An  additional  device  for  this  purpose  has  been  designed  to  prevent 
loss  of  mercury  due  to  a  sudden  break  of  either  of  the  pipes  leading 
from  the  meter  register  to  the  Venturi  tube,  but  these  are  safety 
devices  of  not  unusual  novelty,  and,  therefore,  a  detailed  description  of 
them  is  unnecessary. 

Figs.  2  and  3  show  applications  of  this  meter  register. 

The  float  is  made  of  hard  rubber  to  conform  to  a  metal  template; 
but,  to  make  sure  that  it  is  correct  and  will  perform  according  to  the 
theory  on  which  it  is  designed,  each  float  is  tested  in  a  regular  working 
machine  by  applying,  under  pressure,  piezometric  heads  corresponding 
to  the  velocity  heads  of  the  Venturi  tube  or  Pitot  tube  with  which  it 
is  to  be  used,  and  noting  from  a  standard  rate-of-flow  dial  the  corre- 
sponding velocities,  which  are  compared  with  the  theoretical  velocities. 

For  heads,  H,  greater  than  \  ft.  the  coefficient  of  velocity  through 
a  standard  Venturi  tube  is  so  nearly  constant  as  to  secure  results  within 
2%  of  the  actual.  However,  with  the  apparatus  above  described, 
Venturi  heads,  H,  of  less  than  0.01  ft.  are  readily  integrated.  The 
velocity  coefficient  through  the  Venturi  tube,  however,  is  materially 
different,  amounting  to  as  much  as  7%  at  low  velocities,  and  the 
instrument  is  modified  accordingly  so  as  to  produce  accurate  results 
down  to  less  than  0.01  ft. 

The  data  for  this  modification,  as  well  as  the  method  of  making 
the  correction,  are  intended  to  be  the  subject  of  a  later  paper. 

Leading  up  to  the  final  development  of  the  apparatus  illustrated 
in  Fig.  1,  it  will  be  interesting  to  consider  two  of  the  earlier  forms. 
Fig.  4  shows  an  extremely  simple  apparatus,  which,  at  first  sight, 
would  appear  to  be  superior  to  the  device  shown  in  Fig.  1. 
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P  is  a  piston,  P  is  a  shaped  float,  *§  is  a  sheave,  and  W  is  a  dis- 
placement device,  all  within  a  casing.  The  upper  portion  of  this 
casing  is  connected  with  a  pipe  from  the  full  section  of  the  Venturi 
tube,  and  the  portion  below  the  piston,  P,  is  connected  with  a  pipe 
leading  to  the  throat  of  the  Venturi  tube.  The  differential  pressure, 
or  Venturi  head,  H,  acts  on  the  piston  and  forces  the  float,  F,  down 
into  the  mercury.  As  before,  the  problem  is  to  shape  the  float  so  that 
its  vertical  movement  from  a  &xed  line  of  reference  will  be  propor- 
tional to  the  square  root  of  H.  The  displacement  device,  W,  is  such 
that  when  there  is  no  flow  in  the  Venturi  tube  and  the  apparatus  is 
in  equilibrium,  the  bottom  of  the  float,  a,  will  be  tangent  to  the  upper 
surface  of  the  mercury.  The  level  of  the  mercury,  in  m,  will  change, 
of  course,  as  the  float  descends.  The  equation  of  the  float,  though 
rather  more  difficult  to  deduce,  is  as  follows : 

/ 
2/'  =  e 

s/h  +  g 
e,  f,  and  g  being  constants  depending  on  the  size  of  the  piston,  P,  the 
assumed  movement  of  the  floa.t,  F,  with  the  given  Venturi  head,  H, 
and  the  relative  weights  of  mercury  and  water.  The  only  radical 
difference  in  form  between  this  formula  and  the  one  corresponding 
to  Fig.  1  is  in  the  constant,  e,  before  the  fraction.  The  curve,  however, 
is  still  one  of  the  fifth  degree,  and  in  this  case  when  li  becomes  zero, 
y  becomes  zero,  for  the  actual  formula  is : 


if  =     1 


Tt  2  X  0.454  7t 


(0.454  g^)-^ 
0.434  c  a 


0.454  o, 


h  H '- — 

nJ     ^  4  X  0.434  c  a 

in  which  a^  =  the  area,  in  square  inches,  of  the  cylinder  containing 
the  mercury; 
a  =  the  area  of  the  piston,  P; 
h  =  the  depth  of  submergence  of  the  float  in  mercury,  in 

inches ; 
c  =  the  ratio  of  the  square  root  of  the  Venturi  head  to  the 
velocity ; 
0.434  =  the  ratio  of  the  pressure,  in  pounds  per  square  inch, 

to  the  Venturi  head,  in  feet; 
0.454  =  the  weight  per  cubic  inch  of  mercury  in  water. 
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The  objection  to  this  apparatus  is  the  friction  of  the  piston,  P. 
This  was  recognized  immediately,  and,  to  overcome  it,  a  diaphragm 
of  an  accordion  or  some  very  flexible  type  was  substituted  for  the 
piston;  this,  however,  introduced  difficulties  caused  by  the  elasticity 
of  the  diaphragm  and  the  necessity  of  modifying  the  shape  of  the 
tioat  to  provide  for  these  variations,  as  the  diaphragm  could  never 
be  depended  on  to  remain  in  a  permanent  condition. 

Another  form  is  shown 
in  Fig.  5.  This  is  on  an 
entirely  different  princi- 
ple, but  the  treatment  of 
the  problem  is  analogous 
to  that  of  Fig.  1. 

C  represents  a  casing 
within  which  is  contained 
a  fixed  displacing  device, 
F,  and  a  movable  cylindri- 
cal vessel,  P,  containing, 
say,  mercuiy  buoyed  up 
by  the  displacing  volume, 
W.  The  pipe  leading  from 
the  full  section  of  the 
Venturi  tube  connects  as 
shown  above  the  vessel, 
and  the  pipe  leading  from 
the  throat  of  the  Venturi 
tube  connects  within  the 
disi)]acing  device,  F.  The 
differential  pressure,  o  r 
Venturi  head,  H,  forces 
mercury  from  the  outside  F'i"-  "i- 

uf  the  displacing  device,  F,  to  the  inside;  but,  for  equilibrium,  the 
depth  of  the  mercury  in  the  vessel,  P,  must  always  be  the  same;  that 
is,  d  must  always  be  a  constant.  With  these  data  it  is  found  that  the 
equation  representing  the  inner  curve  of  the  displacing  device  is 
exactly  the  same  as  that  of  the  float  in  Fig.  1,  namely: 

,.2 


y 


4 


h  + 


1080 


METERING   AND   RECORDING   THE   FLOW   OF   FLUIDS      [Papers. 


This  device,  in  some  respects,  is  superior  to  any  of  the  others  con- 
sidered, and,  in  fact,  it  was  the  one  of  which  a  complete  working  model 
was  first  made  and  tested,  and  the  results  were  good.  The  only  objec- 
tion is  the  large  quantity  of  mercury  required  for  the  displacing  device, 
W.  It  is  obvious  that  the  vertical  movement  of  the  cylindrical  vessel, 
P,  may  be  guided  by  rollers,  as  shown,  or  in  some  other  practical  man- 
ner. The  cross-section  of  the  rod,  I,  need  not  be  sufficiently  large  to 
make  its  variable  displacement  affect  the  results  appreciably. 

However,  the  form  in 
Fig.  1  is  that  which  has 
been  adopted  as  the  most 
practical;  and  of  all  the 
twelve  other  devices,  each 
of  which  has  been  devel- 
oped by  the  writer  to  a 
working  design,  that 
shown  in  Fig.  5,  next  to 
that  in  Fig.  1,  is  the  most 
meritorious.  In  all  cases 
the  registering  mechanism 
outside  of  the  easing  may 
be  exactly  the  same  as 
shown.  It  comprises  a 
rate-of-flow  dial,  a  chart 
device  to  record  the  rate 
of  flow,  and  a  total-flow 
dial.  The  first  requires 
only  a  graduated  dial  and 
a  hand  actuated  by  the 
shaft  of  the  sheave,  S. 
The  second  requires  a  pen 
reciprocating  along  the 
surface  of  a  revolving  figure  having  straight-line  elements,  such  as  a 
cylinder.  The  third  requires  a  dial  having  hands  which  always  re- 
volve at  a  speed  proportional  to  the  angular  position  of  the  sheave,  S. 
This  is  ^readily  accomplished  by  hanging  from  the  sheave,  S,  the  dial 
which  is  connected  with  and  operated  by  a  traction  wheel,  the  latter 


Fig.  5. 
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Fig.   6. — Stationary    Meter    with    Pitot    Tube. 


Fig.   7. — Stationary     Meter     with     Venturi     Tube. 
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ht'iuii  rotated  by  a  constantly  revolving  disk.  When  the  sheave,  S, 
sets  at  zero,  the  traction  wheel  stands  at  the  center  of  the  disk,  and 
therefore  has  no  rotating  motion.  As  the  flow  increases  from  zero 
and  the  sheave,  S,  revolves,  the  traction  wheel  moves  away  from  the 
center  of  the  disk  and  therefore  revolves  at  a  speed  proportional  to 
its  distance  from  the  center  of  the  disk  and  to  the  rate  of  flow 
through  the  Venturi  tube. 

There  are  other  equally  simple  means  of  actuating  the  total-flow 
dial,  but  they  are  all  on  the  same  principle,  and  have  been  in  use  for 
several  decades.  The  revolving  flat  disk  is  probably  the  oldest,  but  the 
revolving  cone  rivals  it  in  antiquity.  The  Nicholson  ship's  log  is  a 
rather  recent  application  of  the  latter  device.  It  will  be  seen  from 
Figs.  2  and  3  that  the  chart-recording  cylinder  and  the  disk  are  operated 
by  the  same  clockwork. 

Wliere  it  is  intended  to  meter  a  liquid  of  a  specific  gravity  different 
from  that  for  which  this  meter  is  adjusted,  as  for  instance,  if  the  meter 
has  been  adjusted  for  measuring  water  at  50°  Fahr.,  and  it  is  desired  to 
measure  water  having  a  temperature  of  200°  Fahr.,  the  results  can  be 
corrected  according  to  the  following  principle: 

In  a  fluid  passing  through  a  Venturi  tube  or  orifice,  the  weight  is 
directly,  and  the  volume  is  inversely,  proportional  to  the  square  root 
of  the  unit  weight  of  that  fluid,  for: 

Letting  W  =  the  weight  of  the  tluid, 
Q  =  the  volume  of  the  fluid, 
//  ^  the  Venturi  head, 
and  w  =  the  unit  \vei<:lit  of  fluid  ; 
then  Q  a   s/ H (1) 

1 
H  oc  (2) 

W  cc  10  Q (3) 

(oiubining  Equations  (1)  and  (2),  we  obtain 

^°^  V"^ (') 

Combining  Equations  (1),  (2),  and  (."i),  we  obtain 

W  «  ^/w (5) 

Equations  (4)  and  (5)  being  the  stated  relations. 
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TABLE  1. — Test  of  a  Meter  Register  Based  on  Venturi  Heads. 
Float  No.  46. 


c 

V 

Vi 

D 

F 

Date 

0.010 

0.195 

0.194 

+  0.001 

+  0..52 

0.01.3 

0.226 

0.225 

+  0.001 

+  0.45 

. 

0.02.3 

0.300 

0.298 

+  0.002 

+  0.67 

^ 

0.036 

0.381 

0.379 

-f  0.002 

+  0..53 

r- 

0.054 

0.470 

0.467 

+  0.003 

+  0.64 

£ 

0.078 

0.571 

0.562 

+  0.009 

+  1.60 

05 

0.112 

0.677 

0.675 

+  0.002 

+  0.30 

CJ 

0.154 

0.800 

0.797 

+  0.003 

+  U.38 

V. 

0.208 

0.931 

0.9,30 

+  0.001 

+  0.11 

V 

0.279 

1.079 

1.080 

—  0.001 

—  0.09 

0.368 

1.240 

1.240 

0.000 

0.00 

^ 

0.487 

1.429 

1.428 

0.001 

0.00 

0.638 

1.635 

1.635 

0.000 

0.00 

0.833 

1.872 

1.874 

—  0.002 

-0.11 

« 

1.092 

2.150 

2.133 

+  0.007 

+  0..S3 

s 

1.426 

2.460 

2.460 

0.000 

0.00 

1.873 

2.820 

2.825 

—  0.005 

—  0.18 

.c 

2.455 

3.250 

3.235 

+  0.015 

+  0.47 

00 

3.250 

3.750 

3.720 

+  0.030 

+  0.81 

4.320 

4.321 

4.280 

+  0.041 

+  0.96 

3 

4.830 

4., 570 

4.540 

+  0.030 
+■0.040 

-L0.66 

3 

5.H00 

5.010 

4.970 

+  0.81 

7.270 

5.638 

5.600 

-1-0.038 

+  0.68 

Tables  1  and  2  contain  data  relating  to  typical  tests  of  meter  reg- 
isters constructed  on  the  principle  described  herein,  in  which 
C  =  the  Venturi  head  as  measured,  in  feet; 
V.  =  the   theoretical   velocity   through   the   full  section    of   the 

Venturi  tube,  in  feet  per  second; 
Fj  =  the  velocity  as  indicated  by  the  meter  register; 
D  =  the  differences; 
and  P  =  the  percentage  of  error. 

This  meter  register  is  in  use  in  several  important  cases  for  record- 
ing and  integrating  the  flow  measured  by  Bitot  tubes,  and  has  also  re- 
cently been  adapted  in  portable  form  utilizing  Bitot  tubes  for  city  main 
leakage  survey  purposes.  This  form  is  shown  in  Fig.  8.  Quite  a 
number  of  these  instruments  are  already  in  service.  A  tj^ncal  test  of 
one  of  these  recorders  is  shown  in  Table  3. 

The  first  column  shows  the  direction  of  movement,  U  being  where 
the  column  is  increasing  and  D  where  the  column  is  decreasing. 

C    represents  the  Bitot  tube  velocity  heads,  in  feet; 
V    represents  the  theoretical  velocity  as  calculated  for  the  Bitot 
heads ; 
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Fig.   8. — Portable  Pitot  Recorder.     For  Measuring  and  Recording  Flow 
OR   Leakage   in    Water   Mains,   Flumes,    Penstocks,   etc. 
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r,   ivprcsriits  the  velocity  as  nieasured  by  the  Pitot  recorder; 
1)    represents  the  diiferences; 
and  r    represents  the  percentage  of  error. 

TABLE  2. — Test  of  Meter  Register. 
Float  No.  174. 


f 


Up  or 
down 

C 

V 

V, 

D 

p 

Date 

U 

0.0026 

0.0890 

0.0960 

—0.007 

—7.39 

D 

0.0036 

0.100 

0.0960 

+0.004 

+4.17 

U 

0.0048 

0.115 

0.1280 

-0.008 

-6.50 

V 

0.0064 

0.140 

0.1520 

-0.012 

—7.89 

D 

0.0064 

0.145 

0.1520 

-0.007 

-4.61 

U 

0.009 

0.186 

0.1900 

—0.004 

-2Jl 

U 

0.018 

0.218 

0.220 

-0.002 

-o;^i 

D 

0.018 

0.219 

0.220 

-0.001 

-0.46 

U 

0.036 

0.372 

0.372 

0.000 

0.00 

D 

0.036 

0.372 

0.372 

0.000 

0.00 

U 

0.054 

0.458 

0.4.57 

+0.001 

+0.22 

D 

0.054 

0.457 

0.457 

0.000 

0.00 

U 

0.111 

0.658 

0.660 

—0.002 

—0.33 

D 

0.111 

0.658 

0.660 

—0.002 

-0.30 

U 

0.154 

0.775 

0.779 

-0.004 

—0.51 

D 

0.154 

0.775 

0.779 

—0.004 

—0.51 

U 

0.208 

0.910 

0.910 

0.000 

0.00 

D 

0.208 

0.910 

0.910 

0.000 

0.00 

ei 

U 

0.279 

1.054 

1.056 

-0.002 

—0.19 

OJ 

U 

0.368 

1.210 

1.216 

-0.006 

-0.49 

, 

D 

0.868 

1.210 

1.216 

—0.006 

-0.49 

ja 

U 

0.487 

1.390 

1.395 

—0.005 

-0.36 

S 

D 

0.487 

1.390 

1.395 

—0.005 

—0.86 

h 

U 

0.638 

1.595 

1.600 

—0.005 

-0.81 

D 

0.638 

1.595 

1.600 

-0.005 

—0.81 

s 

U 

0.833 

1.820 

1.833 

-0.018 

—0.71 

(T 

D 

0.S33 

1.823 

1.833 

—0.010 

—0.55 

S 

U 

1.092 

2.090 

2.105 

—0.015 

—0.71 

Q 

D 

1.092 

2.087 

2.105 

—0.018 

-0.85 

C 

1.426 

2.395 

2.403 

—0.008 

—0.38 

D 

1.426 

2.397 

2.403 

-0.006 

-0.25 

U 

1.873 

2.753 

2.760 

—0.007 

—0.25 

D 

1.873 

2.752 

2.760 

—0.008 

—0.29 

U 

2.455 

3.158 

3.100 

—0.002 

-0.06 

D 

2.455 

3.155 

3.160 

—0.005 

—0.16 

U 

3.250 

3.640 

3.685 

- 

1-0.005 

+0.14 

D 

3.250 

8.637 

3.685 

-0.002 

-t-0.06 

U 

4.320 

4.210 

4.183 

- 

-0.027 

+0.64 

D 

4.820 

4.210 

4.188 

- 

-0.027 

+0.64 

U 

5.800 

4.887 

4.860 

- 

-0.027 

-1-0.56 

D 

5.800 

4.895 

4.860 

- 

-0.085 

4-0.72 
-1-0.53 

U 

,7.890 

5.710 

5.680 

- 

-0.080 

D 

7.890 

5.705 

5.680                 -\ 

-0.025 

+0.44 

U 

9.890 

6.210 

6.300 

-0.010 

+0.16 

i^ 
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TABLE  3. — Test  of  a  Recording  Register  Based  on  this  Principle 
•  AND  with  Bitot  Tube  Heads. 


Up  or 
down 

C 

r 

Fi 

D 

P 

U 

0.008 

0.5 

0.516 

+  0.016 

+  3.2 

D 

0.007 

0.5 

0.483 

-0.017 

-4.0 

U 

0.031 

1.0 

1.017 

+  0.017 

+  1.7 

D 

0.029 

1.0 

1.985 

—  0.015 

-1.5 

U 

0.071 

1.55 

1.540 

+  0.040 

+  2.65 

D 

0.068 

1.50 

1.507 

+  0.007 

+  0.45 

U 

0.122 

2.0 

2.020 

+  0.02 

+  1.00 

D 

0.119 

2.0 

1.99 

—  0.01 

—  0.50 

U 

0.274 

3.0 

3.03 

+  0.02 

+  0.60 

D 

0.268 

3.0 

2.99 

—  0.01 

—  0.33 

U 

0.4S4 

4.0 

4.02 

+  0.02 

+  0.5 

D 

0.478 

4.0 

3.99 

-0.01 

—  0.25 

U 

0.756 

5.0 

5.02 

H 

-0.02 

+  0.40 

D 

0.752 

5.0 

5,01 

- 

-0.01 

+  0.42 

U 

1.084 

6.0 

6.02 

- 

-0.02 

+  0.33 

D 

1.082 

6.0 

6.01 

- 

-0.01 

+  0.17 

U 

1.476 

7.0 

7.01 

-0.01 

+  0.14 

D 

1.474 

7.0 

7.01 

hO.Ol 

+  0.14 

U 

1.928 

8.0 

8.01 

-0.01 

+  0.13 

D 

1.929 

8.0 

8.02 

- 

-0.02 

+  0.35 

U 

2.440 

9.0 

9.02 

- 

-0.02 

+  0.32 
4-0.22 

D 

2.440 

9.0 

9.02 

- 

-0.02 

U 

2.980 

10.0 

10.00 

0.00 

0.00 

D 

2.980 

10.0 

10.00 

0.00 

0.00 

D 

0.315 

1.0 

1.025 

^ 

h  0.025 

2.5 
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IXTRODICTIOX. 

'Jlio  present  general  port  activity  and  agitation  for  a  modernization 
and  expansion  of  the  dock  and  wharfage  system  in  New  York  City  indi- 
cate that  at  last  the  community  at  large  seems  to  realize  the  necessity 
of  keeping  its  producing  plant,  the  harbor,  up  to  date  and  at  the  top 
notch  of  efficiency. 

It  has  been  said  that  "all  roads  lead  to  New  York."  Never  was  this 
more  true  than  to-day.  New  York  in  1913  is  the  world's  greatest  sea- 
I)ort,  its  greatest  factory,  and  its  largest  department  store. 

There  can  be  no  question  that  New  York  City's  supremacy  as  a 
manufacturing  and  distributing  center  is  due  to  wise  adaptation  of  its 
magnificent  harbor.  The  phenomenal  increase  in  the  size  of  vessels, 
necessitating  longer  docks,  and  the  great  and  constant  increase  in  ton- 
nage entering  the  harbor,  both  demand  determined  action  in  port  de- 
velopment. 

New  York  is  approximately  equidistant  from  the  ports  of  Northern 
Europe  and  South  America.  Therefore,  it  will  undoubtedly  receive  ad- 
ditional impetus  in  its  commerce  and  shipping  on  the  completion  of 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion   in  full,  will   be  published   in   Transactions. 
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the  Panama  Canal.  Further,  on  the  completion  of  the  New  York  State 
Barge  Canal,  it  will  have  a  direct  all-water  route  to  the  Great  Lakes  and 
the  North  Middle  States  and  Canada,  and  the  Cape  Cod  Canal  will  tap 
New  England  commerce. 

Far-sighted  public  men  foresee  that  New  York  is  destined  to  be- 
come the  world  power  in  commerce  and  industry,  and  realize  that  it 
must  prepare  for  the  future  intelligently  and  on  broad  lines,  permitting 
gradual  expansion  as  required  by  commercial  necessity. 

Growth  and  Development  of  the  Harbor. 

In  this  period  of  harbor  activity,  it  will  be  of  interest  to  both  the 
public  and  the  engineer  to  describe  the  gradual  development  of  the 
harbor,  as  such  development  was  first  systematically  undertaken  by  the 
City,  when,  in  1870,  the  Department  of  Docks  was  organized  for  this 
purpose,  and  to  show  the  types  of  pier  construction  evolved. 

In  considering  the  history  of  dock  development  in  the  City  of  New 
York,  through  the  instrumentality  of  the  Department  of  Docks,  it  must 
be  borne  in  mind  that,  in  its  early  days,  the  Department  was  greatly 
handicapped  in  its  progress  by  the  fact  that  the  City  actually  owned 
only  a  very  small  portion  of  its  great  water-front,  most  of  it  having 
passed,  by  successive  water  grants,  into  the  control  of  private  interests. 

It  had  been  the  policy  of  the  New  York  State  Government,  prior 
to  the  organization  of  the  Department  of  Docks,  to  give  to  corporate  in- 
terests or  private  persons  grants  of  land  under  water  in  that  portion  of 
the  present  City  outside  of  Manhattan,  the  object  and  hope  in  making 
such  grants  being  that  such  cession  of  land  under  water  would  be  a 
sufficient  incentive  for  the  investment  of  private  capital  in  the  develop- 
ment of  the  port. 

The  hopes  of  the  State  and  City  were  fully  realized ;  in  fact,  they 
were  so  generally  fulfilled  that  when  the  port  authority,  created  by  the 
Legislature  in  establishing  the  Department  of  Docks  for  the  purpose 
of  intelligent  development  under  municipal  control,  began  to  consider 
the  expansion  of  wharfage  facilities  to  meet  the  demands  of  the 
growing  commerce,  it  found  but  little  actual  water-front  in  possession 
or  under  control  of  the  City. 

That  the  early  City  authorities  used  wisdom  and  foresight  in  their 
work  of  providing  for  proper  expansion  of  the  harbor,  is  shown  by  the 
fact  that,  through  their  sagacity  and  good  judgment,  the  number  of 
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piors  in  the  liarbor,  owned  by  the  nninicipality  of  New  York,  grew 
from  107  in  1S08.  valued  at  $20  000  000,  to  232  in  1013,  valued  at 
$100  000  000  or  iimrc. 

There  has  accrued,  therefore,  to  the  City,  a  return  on  its  investment 
in  this  development  of  the  dock  system,  a  large  sum  of  money  in  in- 
creased valuation  and  annual  rent  receipts,  the  latter  aggregating  in 
iduiid  figures  about  $4  000  000  per  annum,  the  interest  at  4%  on  a 
capital  of  $100  000  000. 

It  will  be  seen  that,  at  the  outset,  the  Department  of  Docks,  concluded 
that  proper  growth  and  expansion  of  the  harbor  under  municipal  con- 
trol depended  on  the  acquisition  and  control  of  water-front  proi:)erty; 
and  since  the  organization  of  the  Department  of  Docks,  this  has  been 
the  policy  followed  by  the  City. 

Wlien,  in  1870,  the  municipal  authorities  undertook  the  burden  of 
increasing  the  wharfage  facilities  of  the  harbor,  and  of  procuring  funds 
for  this  purpose,  it  became  necessary,  as  a  basis  for  their  work,  to 
determine  on  some  economic  form  or  type  of  construction,  both  in  re- 
gard to  the  pier  structure  proper  and  also  the  general  location  with 
respect  to  the  available  shore  front,  whereby  the  maximum  wharfage 
accommodation  could  be  developed  without  excessive  or  prohibitory  cost. 

The  limited  funds  available  and  the  small  extent  of  water-front 
lands  under  the  actual  control  of  the  City  called  for  the  greatest 
economy  in  space,  the  land  requiring  intense  development  in  order  to 
obtain  the  greatest  possible  extent  of  wharfage. 

Bond  issues  to  be  applied  to  the  development  of  wharfage  had  to 
show  the  same  return  on  the  investment,  when  executed  by  the  City 
.'Mithorities,  as  if  these  finances  were  handled  by  private  parties  or  cor- 
porate interests.  Therefore,  what  might  be  termed  the  "principle  of 
economy  in  expenditure  of  land  and  funds"  was,  of  necessity,  followed, 
and  this  principle  was  generally  adopted  by  private  interests  as  well,  the 
eiinsequent  intensive  use  of  the  water-front  resulting  in  the  adoption  of 
a  uniform  method  of  development  by  a  definite  system,  namely,  par- 
allel jiiers  generally  at  right  angles  to  the  general  direction  of  the 
water-front,  with  intervening  slips  wide  enough  to  accommodate  vessels 
of  the  type  intended  to  berth  at  the  piers. 

This  parallel  system  of  economically  constructed  piers,  with  its  re- 
sulting economy  in  space  occupied  and  capital  expended,  was  im- 
doubtedly  one  of  tlie  greatest  factors   in   stimidntinp-  the  development 
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and  expansion  of  the  wharfage  facilities  in  the  harbor,  and  in  keeping 
them  abreast  of  the  constant  increase  in  shipping  and  commerce.  It 
has  also  created  by  far  the  greatest  wharfage  space  of  any  harbor  in  the 
world. 

The  wooden  pier,  consisting  of  a  timber  deck  and  floor  system  sup- 
ported by  timber  piles,  became  the  adopted  type.  It  was  cheap,  dura- 
ble, and  readily  adaptable  to  all  classes  of  shipping.  One  of  the 
most  important  characteristics  of  piers  of  this  type  is  the  ease 
and  economy  with  which  it  may  be  removed  entirely,  reconstructed 
wholly  or  in  part,  or  expanded  at  a  low  cost,  to  meet  the  increasing 
needs  of  commerce  and  shipping.  A  dock  or  system  of  docks  sufficient  to 
accommodate  the  shipping  at  the  time  it  was  built,  might  be  found 
to  be  inadequate  and  obsolete  within  a  comparatively  short  term  of 
years,  a  complete  re-arrangement  being  then  necessary. 

With  timber  striictures,  this  transformation  or  reconstruction  is  a 
simple,  rapid,  and  economical  undertaking;  it  is  difficult  and  costly 
with  structures  of  stone,  concrete,  steel,  etc.  The  use  of  concrete  piles, 
reinforced  concrete  substructures  or  similar  forms  of  construction, 
therefore,  would  not  only  have  resulted  in  high  first  cost  of  construc- 
tion, but  the  difficulty  and  expense  incidental  to  the  periodical  removal, 
reconstruction,  or  expansion  of  dock  structures  of  this  type,  as  neces- 
sitated from  time  to  time  by  the  growth  of  shipping,  would  have 
rendered  harbor  construction  work,  as  a  revenue-producing  mimicipal 
investment,  practically  impossible,  and,  consequently,  would  have  greatly 
retarded  the  development  of  the  harbor. 

Types   of  Pier   Constrijctiox. 

The  United  States  Government,  by  virtue  of  its  power  to  control  all 
navigable  waterways  in  the  country,  established  along  the  entire  water- 
front or  shore  line  of  New  York  Harbor  two  lines:  one  the  bulkhead 
line,  Avliieh  limits  the  extent  outshore  of  the  solid  filling  or  reclaimed 
land  under  water;  the  other,  the  pierhead  line,  which  determines  the 
limit  to  which  piers  may  extend  beyond  the  bulkhead  line.  These  piers 
must  be  of  such  construction  that  the  free  flow  of  the  tidal  water  shall 
remain  uninterrupted  by  the  supporting  columns.  This  construction, 
being  a  condition  wisely  insisted  on  by  the  Government  to  preser\'e 
tidal  conditions  and  currents,  governs,  to  a  great  extent,  the  handling  of 
vessels,  particularly  of  large  ones,  and  affects  the  sanitation  of  the  City, 
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ill  that  it  preventg  the  accumulation  of  sewage  and  refuse  which  would 
(pccMir  in  closed  slips.  With  open  slips,  such  matter  is  carried  away  hy, 
an<l  (iis.seminated  in,  the  tidal  flow.  All  pier  construction  is  limited 
to  the  area  included  between  the  bulkhead  and  pierhead  lines. 

The  pier  which  meets  these  requirements,  and  was  adopted  by  the 
City  in  its  early  history  as  the  type  of  structure  for  berthing  vessels 
(and  also  adopted  by  all  private  and  cor})orate  interests),  is  a  wooden 
structure  throughout,  consisting  of  a  deck  resting  on  piles  driven  into 
the  mud  or  hard  bottom.  The  physical  features  of  the  harbor,  the 
geological  formation  of  the  l^ottom,  and  the  condition  of  the  water. 
fortunately  permit  the  adoption  of  this  type  of  construction,  which,  in 
many  other  parts  of  the  world,  is  not  adaptable  because  the  life  of  the 
timber  itself  in  the  water  would  not  be  permanent  or  fairly  long-lived. 
Wiind-lioring  animals,  the  teredo,  limnoria,  etc.,  are  very  little  in 
evidence,  and,  therefore,  wooden  piles  are  practically  permanent  below 
llie  water-line  in  almost  all  parts  of  Xew  York  Harbor. 

The  pi'ominent  objectionable  feature  to  wooden  pier  construction  is 
tlie  expense  necessitated  by  the  constant  repairs  of  the  deck  sheathing 
and  the  continuous  wear  and  tear  of  the  fender  system  extending  along 
ihe  sides  and  outer  ends  of  the  piers.  As  to  the  remainder  of  the 
structure,  piles,  floor  system,  etc.,  its  maintenance  and  repair  is  very 
economical  and  consists  generally  in  the  reiilacement,  from  time  to  time, 
here  and  there,  of  decayed  portions  of  the  timber  above  mean  low  water 
"uly,  at  inconsiderable  expense. 

Until  seven  or  eight  years  ago,  the  piers  were  generally  built  with 
decks  of  yellow  pine,  4  in.  thick,  laid  on  a  system  of  yellow  pine  floor 
structure  of  rangers  and  stringers.  This  deck  plank  in  turn  was  cov- 
ered with  a  second  layer  of  either  3-  or  4-in.  plank  sheathing,  laid 
diagonally  or  at  right  angles  to  the  deck  proper,  to  form  a  wearing 
surface  for  the  traffle. 

Constant  repaii"s  and  renewal  of  this  deck  sheathing,  caused  by  the 
wear  and  tear  of  team  trattic,  is  augmented  in  great  measure  by  the 
moisture,  horse  urine,  etc.,  which  saturates  the  wood  and  eventually 
finds  its  way  to  the  underlying  deck  and  rangers.  This  forms  the 
greatest  item  incident  to  the  expense  of  pier  maintenance,  the  average 
life  of  the  sheathing  for  most  busy  piers  being  about  6  years,  or  re- 
quiring a  17%  renewal  annually.  As  the  cost  of  the  deck  sheathing  is 
generally  about  12%  of  the  total  cost  of  a  ]Mer,  it  will  l)e  seen  that  these 
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sheathing-  repairs  would  aggregate  2%  per  annum  of  the  cost  of  the  en- 
tire structure. 

New  Pier  Construction  Practice. 
Notwithstanding  the  necessity  for  constant  repairs  to  the  deck 
sheathing  of  the  wooden  pier,  the  parts  of  the  remainder  of  the  structure 
— rangers,  caps,  stringers,  piles,  and  bracing — give  excellent  service. 
Maintenance  is  economical,  the  average  life  of  the  structure  above  mean 
low  water  line  being  from  20  to  25  years,  the  repairs  aggregating  an 
entire  renewal  above  lov/  water  in  that  period  of  time.  As  the  life  of 
the  piles  supporting  the  structure  is  practically  permanent  when  sub- 
merged below  the  water,  the  entire  structure  can  be  rebuilt  after  this  pe- 
riod and  made  practically  new  by  "bench  capping"  such  piles  as  may  be 
decayed  above  the  water  line  and  renewing  the  stringers,  caps,  deck,  and 
sheathing;  in  other  words,  the  pier  structure  proper,  after  a  life  of  25 
years,  is  readily  susceptible  of  renewal  above  the  water  line,  the  support- 
ing piles  below  that  line  being  to  all  intents  and  pui-poses  permanent. 

It  will  be  readily  seen  that  the  life  of  the  wooden  pier  structure 
would  be  prolonged  still  further,  and  the  cost  of  maintenance  and  re- 
pairs reduced,  by  the  elimination  of  the  objectionable  wooden  deck 
sheathing  and  its  replacement  by  some  form  of  deck  impervious  to 
moisture  and  resisting  the  wear  and  tear  of  traffic. 

It  was  with  the  object  of  eliminating  this  large  repair  expense  in- 
cidental to  the  maintenance  of  the  sheathing,  and  reducing  mainten- 
ance cost  generally,  that  the  Engineering  Bureau  of  the  Department  of 
Docks  and  Ferries,  under  the  direction  of  J.  A.  Bensel,  M.  Am.  Soc. 
C.  E.,  then  Commissioner  of  Docks,  about  seven  years  ago,  began  a  seri- 
ous investigation  and  study  of  the  problem  of  producing  a  permanent 
deck  surface  supported  by  timber  piles,  assumed  as  permanent  below 
the  water  line. 

This  study  has  resulted  in  the  entire  elimination  of  the  old  style 
of  wooden  deck  in  new  structures,  and  the  production  of  a  new  tjiJe 
consisting  of  reinforced  concrete  laid  directly  on  the  transverse  cap 
system  of  the  wooden  pier  substructure.  This  concrete  is  laid  in  slabs, 
spanning  the  pile  bents  practically  as  simple  beams. 

This  new  type  of  deck  eliminates  not  only  the  4-in.  deck  sheathing, 
but  also  the  4-in.  deck  proper  and  the  underlying  12  by  12-in.  yellow 
pine  ranger  system  longitudinally  of  the  pier  on  top  of  the  transverse 
cap  system,  further  increasing  the  life  of  the  substructure. 


Papers.]  pi^R    CONSTRUCTION    IN    NEW    YORK    HARBOR  lOUo 


Fig.  1. — Strip  of  Concrete   Deck  and  Steel  Reinforcement. 


Fig.   2. — Te.nsion  Reinforceme.nt  and  Templates  for   HoLniNc  in  Position. 
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A  structure  was  thus  evolved  which  had  a  penuauent  deck  practically 
iui{)ervious  to  the  penetration  of  moisture  to  the  substructure,  readily 
rciu'wahle  Ironi  low  water  to  the  under  side  of  the  concrete  deck,  and 
permanent  below  the  water  lin(\  with  a  first  cost  about  equal  to  that  of 
the  old  wooden  deck  pier. 

The  first  step  in  the  elimination  of  the  great  cost  factor,  the  re- 
newal of  the  deck  sheathing-,  was  the  replacing  of  this  sheathing  by  a 
concrete  wearing  surface,  from  4  to  6  in.  thick,  laid  directly  on  the  old 
typo  of  timber  decking.  This  t^^^e  was  used  by  the  North  German 
Lloyd  and  Il.iinliurg  American  Steamship  Companies  in  the  reconstruc- 
tion of  their  piers  at  Tloboken,  and  by  the  City  of  New  York  in  the 
Chelsea  Section  piers,  the  result  being  a  deck  surface  which  is  im- 
pervious to  moisture  and  urine,  and,  therefore,  a  protection  to  the 
substructure,  as  well  as  a  saving  in  maintenance. 

The  unit  of  cost  of  construction  of  a  pier  depends  in  a  large 
measure  on  the  size  of  the  pier.  As  the  outer  portions,  the  sides,  and 
outer  end  of  a  large  pier  are  more  rigid  and  heavier  than  those  of  a 
smaller  pier,  and,  therefore,  cost  more  in  both  labor  and  material,  the 
relative  cost  per  square  foot  of  a  short  pier  is  considerably  larger  than 
that  of  a  long  one.  The  average  cost  of  the  old  wooden  deck  pier  of 
large  dimensions  is  from  $1.00  to  $1.15  per  sq.  ft. 

Further  investigation  and  study  resulted  in  the  entire  elimination 
of  the  wooden  deck  plank,  deck  sheathing,  wooden  floor  rangers,  etc., 
and  the  adoption  of  the  present  type  of  pier  deck,  as  before  men- 
tioned, consisting  of  a  reinforced  concrete  slab,  10^  in.  thick,  extend- 
ing from  center  to  center  of  the  transverse  pile  rows  placed  generally 
10  ft.  apart.  This  slab  is  designed  to  carry  a  live  load  of  500  lb.  per 
sq.  ft.  for  the  10-ft.  span  between  pile  rows,  and  is  reinforced  with 
f-in.  square  steel  rods.  The  latter  run  longitudinally  of  the  pier,  are  6 
in.  apart,  and  are  staggered  so  that  only  alternate  rods  terminate  on  the 
same  pile  row,  with  i  by  i-in.  separating  rods.  The  slab  is  of  1:2:4 
Portland  cement  concrete,  with  ^-\n.  broken  stone,  the  upper  i  in.  of 
the  slab  being  of  Portland  cement  mortar  finished  smooth.  This  rod 
reinforcement  is  intended  to  be  standard,  but  the  substitution  of  trade 
sizes  of  equal  strength  and  efficiency  is  permitted,  subject  to  approval. 

Definite  illustrations  of  this  type  of  pier  construction  are  found 
in  the  two  new  piers  recently  completed  by  the  Department  of  Docks 
and  Ferries  at  the  Gowanus  Section,  South  Brooklyn,  one  at  the  foot  of 
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31st  Street,  1  475  ft.  long,  and  the  second  at  the  foot  of  33d  Street, 
1  616  ft.  long,  each  pier  being  150  ft.  wide.  These  piers  are  among 
the  finest  in  the  harbor,  and  are  probably  the  largest  of  their  type  in 
the  world.  The  unit  cost  is  practically  the  same  as  that  of  the  old 
wooden  deck  type.  The  decks  have  a  crown  of  about  8  in.,  in  order  to 
shed  the  water.  The  inshore  end  of  the  concrete  deck  rests  on  the 
bulkhead  wall,  but  is  not  attached  thereto,  a  horizontal  plane  joint 
allowing  the  deck  to  slide  on  the  wall  as  it  expands  or  contracts  on  ac- 
count of  changes  of  temperature. 

Twenty-six  piers  with  concrete  decks  have  been  built  by  the  De- 
partment during  the  past  7  years.  The  earlier  type,  as  exemplified 
by  the  Chelsea  Section  piers,  consists  of  a  6-in.  concrete  deck  sur- 
face reinforced  with  expanded  metal  and  laid  directly  on  the  deck 
planking.  The  next  type  produced  omitted  the  deck  plank,  and  is  rep- 
resented by  eight  piers  with  decks  consisting  of  a  concrete  slab,  6i  in. 
thick,  reinforced  with  expanded  metal,  the  slab  spanning  yellow  pine 
rangers  running  longitudinally  of  the  piers  and  generally  about  6  ft. 
apart. 

The  final  type  evolved,  omitting  the  timber  floor  system  entirely,  and 
placing  a  concrete  slab  reinforced  with  longitudinal  steel  rods  directly  ' 
on  the  timber-capped  transverse  pile  rows,  is  represented  by  eight  piers, 
the  most  important  examples  being  those  at  the  foot  of  31st  and  33d 
Streets,  South  Brooklyn,  and  the  Municipal  Pier  at  Stapleton,  Staten 
Island. 

All  these  piers  have  been  built  where  the  condition  of  the  river 
bottom  underlying  them  was  such  that  no  settlement  could  occur,  and 
they  have  behaved  admirably.  No  repairs  have  been  necessary,  except 
to  the  fender  system,  and  none  are  anticipated  for  many  years  to  come, 
excepting  the  renewal  here  and  there  of  an  imperfect  pile,  where  rot 
may  appear  above  the  water  line.  Such  renewals  can  be  made  at  a 
minimum  of  cost — a  few  dollars  per  pile — by  bench-capping,  without 
any  interference  whatever  with  the  integrity  of  the  reinforced  deck 
itself. 

Column   Foundations. 

For  single-story  sheds,  where  additional  bearing  strength  is  re- 
quired in  the  new  concrete  deck  pier  for  shed  column  or  superstructure 
support,  the  (luestion  has  been  treated  in  general  in  the  same  manner 
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Fig.  3. — Tension    and    Distributing    Reinforcement    with    Templates 
FOR    Holding    in    Position. 


Fig.  4. — Reinforcement  Complete,  with  Templates  Which  Act  as  For.ms 
FOR  the  Alternate  Strips  of  Concrete   Deck. 
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as  ill  other  parts  oi  the  structui'c,  that  is,  by  adding-  the  necessary  num- 
ber of  piles  to  carry  the  load  concentrations,  assuming  tlie  piles  to  be 
permanent  below  low  water  and  easily  renewable  above  that  plane. 

Where  heavier  concentrations  occur,  as,  for  example,  in  double-deck 
or  two-story  sheds,  the  piles  are  cut  off  at  or  near  low  water  and  covered 
with  a  timber  grillage;  built  on  this  grillage  are  reinforced  concrete 
pedestals,  extending  to  the  deck  level,  to  carry  the  shed  columns. 

Railroad  tracks,  being  a  requirement  on  the  South  Brooklyn  piers 
previously  described,  axe  carried  on  four  lines  of  lo-in.  steel  I-beams, 
placed  on  the  transverse  clamp  system  of  the  pile  rows  and  extending 
from  the  inshore  end  of  the  pier  sheds  to  within  60  ft.  of  the  outshore 
shed  wall.  The  beams  rest  on  steel  saddles  placed  on  the  clamps,  and 
are   entirely    fueased    in   concrete. 

TABLE   1. — Cost  of   Constructiox,   Maintenance   and   Repairs. 

Average   Cost   of  Construction  of  Wooden   Deck  Piers,  $1.00  to  $1.15 

per    Sq.    Ft. 

Ri;rAiK  Costs  of  Wooden  Deck  Pier. 


Description. 


Sheathing 

Backing  log 

Fender  chocks,  including  vertical  sheathing 

Fender  piles 

Decking 

Bracing 

Rangers  and  caps 

Piles 


a  Q  03 
fc  o  be 


■12 

1.8 

4 

4.7 
11.3 

7.1 
24.4 
34.7 


Renewal  required.  Remarks. 


Every 
Every 
Every 
Every 
Every 
50%  in 
50%  in 
33J^% 


6  years. 
8  years. 
10  years. 
12  years. 
15  years, 
every  20  years. 
1  every  20  years. 
every  20  years. 


Above  M.  L.W.  only. 


Concrete  Deck  Pier. 

Cost    of    construction,    31st    Street    Pier, 

South   Brooklyn,  no   asphalt  surface,  $0.87  per  sq.  ft. 
Cost    of    construction,    33d     Street    Pier, 

South  Brooklyn,  with  asphalt  surface,     0.97     "      "     " 

Economy  being  a  prime  factor  in  its  construction,  it  was  decided 
to  try  out  the  concrete  deck  surface  for  wear  and  tear  of  heavy  team 
traffic,  and  the  earlier  decks,  therefore,  were  finished  with  a  smooth 
mortar  surface  to  receive  this  traffic.     Two  years  of  experimenting  on 

ihese  lines,  dct<>rmitied  the  fact  that  though  the  concrete  surface  was 
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admirably  adapted  to  light  traffic,  cargo  handling  by  hand  or  motor 
trucks,  etc.,  it  could  not  stand  the  concentration  of  heavy  team  traffic 
confined  within  narrow  lanes  located  generally  in  the  center  of  the  pier. 
The  grinding  and  turning  of  heavily  laden  trucks  inside  these  narrow 
lanes  or  zones  gradually  caused  surface  rupture  of  the  top  coat  of 
mortar.  It  was,  decided,  therefore,  to  place  an  asphalt  wearing  surface 
on  the  deck,  and  this  has  proven  very  effective. 

The  piers,  at  the  foot  of  31st  and  33d  Streets,  South  Brooklyn,  have 
been  in  service  for  about  3  years.  No  signs  of  cracking  or  other  im- 
perfections have  appeared,  and  the  piers,  as  a  whole,  are  a  complete 
success. 

Repairs. 

For  the  modern  type  of  concrete  deck  pier,  the  cost  of  maintaining  the 
fender  system  is  about  the  same  as  that  for  the  wooden  pier;  deck 
sheathing  repairs  are  practically  eliminated,  except  such  minor  as- 
phalt patching  as  may  be  required,  and  can  be  considered  negligible  in 
a  good  asphalt  deck  under  cover;  the  deck  plank  is  eliminated;  the 
life  of  the  ranger  and  cap  system  is  prolonged  by  the  protection  from 
moisture  given  by  the  impervious  concrete  deck,  and  the  cost  of 
-   maintenance  and  repairs,  therefore,  is  reduced  to  a  minimum. 

Conclusions. 

From  the  foregoing  it  will  be  observed  that  the  problem  which  con- 
fronted the  Department  was  the  elimination  of  the  timber  deck  and 
deck-supporting  structure  of  the  wooden  pier,  by  the  substitution  there- 
for of  some  permanent  form  of  construction  meeting  the  following  re- 
quirements : 

(a)  Economy  in  cost  of  construction  and  maintenance,  the  unit 
cost  to  be  such  as  to  produce  or  make  possible  a  remunerative 
return  on  the  capital  invested. 
(h)  The  construction  to  be  of  such  character  as  to  be  readily  ex- 
tended,   reconstructed,    re-modeled,    or,    if   necessary,    entirely    | 
removed,  as  more  intensive  development  of  the  area  occupied 
by  the  pier  or  system  of  piers  might  be  made  necessary  by  the 
growth  of  commerce  and  shipping. 
From  what  has  been  stated  the  following  conclusions  may  be  de- 
duced : 
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Fig.   5. — Two  Piers  with  Reinforced  Concrete  Deck,   Each   150  ft.  Wide. 
One    1  47.5    AND    THE    Other    1  616    ft.    Long. 


Fig.   g. Interior  View  of  Shed  on  Pier.  150  ft.  Wide  and  1  616  ft.  Long, 

Showing  Concrete  Deck  and  Track  Stringers,  Ready  for  Rails. 
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First.  Adiiiittiiig-  that   timber  piles   anrl    foundation   work   are  pcen- 
(  rally  pennaii<>nt  below  the  moan  low  wator  line  in  New  York  Harbor. 
the  DepartnuMit  of  Doeks  and  Ferries  has  met  the  reqnirements  of  the 
I     prol)lcm  t)y  producing-  piers  having-  tlie  f<illowing'  eharaeteristics: 

{ii)   The  deck  is  absolutely  permanent; 

(h)  The  substructure,  above  mean  low  wator,  is  easily  and  cheaply 
repaired  and  maintained ; 

(c)   The  supporting-  part,  below  the  water  line,  is  permanent;  and 

(</)  The  resulting-  structure  is  such  that  it  can  be  readily  extended, 
reconstructed,  or,  if  necessary,  entirely  removed  at  a  cost  not 
prohibitive,  as  would  be  the  case,  for  example,  with  most  types 
of  reinforced  concrete  deck-supporting  structures. 

Second.  That  the  Department  has  produced  permanent  parts  in  the 
.-structures  where  these  are  essential.  No  attempt  was  made  to  obtain 
absolute  permanency  above  low  water,  in  the  structure  supporting  the 

I    deck,  for  the  reason  that. 
Third.  This  portion  of  the  structure,   the   caps,  piles,  braces,  etc., 
;     protected  as  they  are  from  saturation  by  urine  and  other  objectionable 

fluids  by  the  concrete  and  asphalt  deck  fonning-  a  protecting  roof,  can 
s    be  maintained  in  good  condition  at  a  very  low  cost. 

1  Fourth.  The  type  of  structure  produced,  approximating  permanency, 

'1    is  now  being  built  by  the  Department  at  a  first  cost  no  greater  than 

that  of  the  former  type  of  wooden  pier  throughout,  and  the  cost  of 

repairs    and    maintenance    of    the    deck    structure    is    almost    entirely 

eliminated. 

General   Remarks. 

The  phenomenal  growth  of  commerce  and  shipping  in  New  York 
Harbor,  producing-  constantly  the  need  for  additional  wharfage  room, 
ha?  necessarily  resulted  in  projects  for  dock  and  wharfage  improve- 
ments, covering  extensive  portions  f)f  the  water-front  and  involving 
enormous  amounts  of  money. 

As  such  development  should  be  made  revenue-producing,  it  follows 
that  a  cheap  ty^ie  of  pier  construction,  low  in  first  cost,  long  of  life, 
and  economical  to  maintain,  is  one  of  the  fundamental  factors  in  deter- 
mining the  extent  of  the  improvements  undertaken  not  only  by  the  City 
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of  New  York,  but  by  private  interests  as  well.  This  does  not  necessarily 
follow  when  smaller  cities  are  considered. 

Compared  with  the  vast  amount  of  money  necessary  for  the  com- 
prehensive development  of  the  port,  the  sums  required  for  similar  pur- 
poses by  other  ports  on  tlie  Atlantic  and  Pacific  seaboards  of  the  United 
States  are  very  small,  in  fact,  in  many  cases,  comparatively  insignifi- 
cant. Harbor  improvements  at  these  ports  are  generally  confined  to  a 
limited  area  or  extent  of  water-front,  and  consist  usually  of  a  few  piers 
or  bulkheads.  Their  aggregate  cost  is  such  that,  even  if  not  revenue- 
producing,  the  investment  is  often  well  within  the  financial  capacity  of 
the  municipality  and  wisely  undertaken  by  reason  of  its  effect  in 
stimulating  existing  trade  and  attracting  new  shipping  business,  produc- 
ing what  might  be  called  "indirect  revenue."  This  has  often  been  the 
incentive  in  inaugurating  harbor  improvements  at  these  minor  ports, 
and  it  has  resulted,  in  some  instances,  in  absolutely  permanent  structures 
at  such  great  expense  that  remunerative  return  on  the  capital  invested  is 
highly  improbable,  if  not  impossible;  in  other  words,  the  benefits  de- 
rived are  being  consummated  at  too  great  a  cost,  even  when  considered 
from  the  point  of  view  of  "indirect  revenue." 

Notwithstanding  the  many  desirable  features  of  this  new  type  of 
pier  construction,  it  has  not  been  generally  adopted,  though  many  in- 
quiries and  requests  for  plans  and  descriptions  of  the  type  and  method 
of  construction  have  been  received  and  replies  made  thereto,  pointing 
ovit  its  proven  economy  in  first  cost,  repairs,  and  maintenance.  New 
York  Harbor,  however,  presents  a  number  of  examples  of  similar  types 
of  concrete  deck  piers  adopted  by  private  interests,  notable  among  which 
are :  The  reinforced  concrete  deck  pier  built  by  the  Central  Railroad  of 
New  Jersey  at  Communipaw,  N.  J.,  892  ft.  long  and  131  ft.  wide,  used 
for  railroad  freight,  tracks  being  laid  on  the  pier  deck;  the  pier  under 
construction  by  the  United  States  Lighthouse  Board  in  the  Reservation 
at  St.  George,  Staten  Island;  and  in  two  piers  now  under  construction 
at  the  Brooklyn  Navy  Yard.  The  design  of  the  latter,  particularly, 
presents  an  admirable  combination  of  reinforced  concrete  construction, 
surmounting  the  wooden  pile  and  grillage  supporting  foundations  near 
low  water,  resulting  in  a  practically  permanent  pier  at  an  economical 
first  cost. 

When  reinforced  concrete  piers  have  been  built  at  other  ports  along 
the  coast,  the  attempt  at  absolute  permanency,  as  stated  above,  has  gen- 
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eraJly  resulted  in  prohibitive  first  cost,  when  considered  as  a  business 
proposition  requiring  interest  on  the  capital  invested. 

Where  the  life  of  the  wooden  structure  below  the  water  is  not  en- 
dangered by  wood-borers — in  other  words,  where  it  can  be  considered  as 
permanent — the  difference  in  cost  between  an  elaborate  reinforced  con- 
crete pile  nud  deck-supporting  structure  throughout,  and  a  structure  of 
the  type  herein  described,  represents  practically  that  amount  of  money 
vselessly  wasted. 

Further,  it  is  an  open  question  whether  the  rigidity  of  a  reinforced 
concrete  structure  throughout  would  not  be  a  serious  cause  of  deteriora- 
tion in  such  structures,  particularly  below  the  water  line.  The  shearing 
action  of  the  impact  of  a  large  ocean-going  steamship  with  a  pier  of  this 
rigid  type  might  cause  a  dangerous  condition  in  the  entire  structure 
diflScult  to  repair  or  overcome;  even  shocks  tending  to  break  the  concrete 
surfaces  of  piles  and  substructure  would  admit  sea  water  with  its  con- 
sequent destructive  chemical  action  and  freezing  in  cold  weather. 

On  the  other  hand,  the  timber  and  pile  substructure,  with  its 
flexibility  and  elasticity,  acts,  to  a  considerable  extent,  as  a  shock  ab- 
sorber, dissipating  the  effect  on  both  the  vessel  and  the  pier,  consequent 
on  the  impact  of  the  collision  or  more  or  less  violent  contact  with  the 
pier,  sometimes  occurring  when  warping  vessels  into  their  berths. 

The  personnel  of  the  Department  of  Docks  and  Ferries,  as  at  present 
constituted,  is  as  follows:  Mr.  R.  A.  C.  Smith,  Commissioner; 
Bureau  of  Engineering:  The  writer,  Chief  Engineer;  S.  W.  Hoag,  Jr., 
:M.  Am.  Soc.  C.  E.,  Deputy  Chief  Engineer;  and  R.  T.  Betts,  M.  Am. 
Soc.  C.  E.,  Assistant  Engineer,  in  charge  of  design. 
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The  Herculean  task  of  valuing  the  railroads  of  the  United  States 
is  of  vital  importance  to  the  entire  nation,  whether  viewed  from  the 
standpoint  of  rate  regulation  or  its  possible  outcome,  government  own- 
ershij).  The  vastness  of  the  interests  involved  and  the  effect  that  the 
result  may  have  on  social  conditions,  make  imperative  the  adoption 
at  the  outset  of  underlying-  principles  and  methods  which  will  appeal 
to  the  public  and  the  Courts  as  being  fair  and  equitable. 

It  is  with  the  object  of  promoting  a  discussion  that  will  be  of  aid 
to  those  burdened  with  the  accomplishment  of  this  task  that  tiie  wi'iter 
ventures  to  advance  certain  oi)inion>  which  arc  the  fruit  of  his  experi- 
ence in  tile  vnlnation  field. 

Basic    Principles. 

There  are  several  ways  of  determining  physical  value,  depending 
largely  on  the  purpose  for  which  the  result  is  to  be  used. 

Sale  Value. — In  taxation  matters,  the  sale  value  method  has  been 
used,  right  of  way  and  real  estate  being  taken  at  their  assessed  valua- 
tion, and  other  items  at  their  depreciated  or  second-hand  value,  with- 
out the  inclusion  of  overhead  and  development  costs. 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion   in   full,  will   be  published   in   Transactions. 
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In  New  Jersey  this  method  was  adopted  in  compliance  with  the 
general  tax  law  of  the  State,  the  expert  in  charge  of  the  valuation 
stating  in  his  report  as  follows : 

"Since  the  real  esta.te  and  personal  property  are  to  be  inventoried 
and  appraised  separately  from  the  franchise,  it  seems  manifest  that  it 
is  our  duty  to  consider  all  of  the  thousands  of  parts  and  items  of 
the  property  owned  by  each  of  the  several  railroads,  entirely  apart 
from  their  value  as  considered  in  the  composite  whole  cemented  to- 
gether by  the  charter  or  franchise." 

In  referring  to  the  fixing  of  land  values,  he  says : 

"We  have  the  right  to  assume,  however,  that  since  the  several 
assessors  are  elected  or  selected  by  the  taxpayers  of  their  respective 
communities,  they  must  have  had  sufficient  experience  in  land  values  to 
entitle  them  to  assess  the  property  in  their  respective  districts,  and 
that,  therefore,  they  are  the  best  available  source  of  information  con- 
cerning the  going  price  or  'true  value'  of  the  land  in  their  districts; 
and,  since  the  several  taxing  districts  are  content  to  accept  the  opinions 
of  these  assessors  as  to  the  'true  value'  of  the  property  of  individuals, 
corporations  (excepting  railroad  corporations)  and  firms,  we  should 
give  considerable  weight  to  the  opinions  of  the  several  local  assessors 
when  considering  the  'true  value'  of  land." 

Also: 

"No  per  cent,  has  been  added  to  the  value  of  lands  in  excess  of  the 
value  in  exchange  for  money,  as  near  as  such  value  can  be  determined 
by  the  exchange  price  of  lands  adjoining  the  lands  of  the  railroad  in 
each  particular  taxing  district,  and  at  each  particular  point  where  such 
lands  adjoin  railroad  lands." 

While  the  New  Jersey  procedure  was  proper  under  the  conditions 
there  prevailing,  it  yielded  results  entirely  at  variance  with  those 
obtained  in  other  States  where  different  theories  have  guided  the 
appraisals. 

Certainly,  the  sales  value  principle  of  treating  the  component  parts 
of  a  property  as  uncorrelated  items,  at  prices  that  they  would  bring 
if  thrown  on  the  market,  is  not  applicable  to  the  ascertainment  of  the 
full  value  of  the  tangible  property  of  railroads  as  going  concerns. 

Original  Cost  to  Date. — In  the  Act  of  Congress  that  prescribes  the 
alternative  methods  under  which  the  Interstate  Commerce  Commis- 
sion is  to  proceed,  Original  Cost  to  Date  is  named,  in  which  the  actual 
cost  of  property,  as  reflected  on  the  books  and  records  of  the  companies, 
is  to  be  taken. 
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With  rare  exceptions,  it  is  extremely  doubtful  tluit  the  books  and 
records  of  the  railroads  of  the  United  States  will  be  found  to  be 
dependable  for  the  purpose  of  ascertaining  present-day  fair  values. 
Only  in  recent  years  ha\'e  cost  accounts  been  kept  in  a  uniform  and 
complete  manner,  and  even  then  the  almost  universal  tendency  has 
been  to  understate  charges  to  construction,  and  to  additions  and  better- 
ments. This  is  i>articularly  true  on  systems  that  are  the  product  of 
gradual  expansion  over  terms  of  many  years.  Interest  during  the 
period  of  construction,  organization  and  administrative  expenses,  su- 
pervision, freight  charges,  and  the  use  of  equipment  on  extensions 
of  main  line  and  branches,  in  many,  if  not  the  majority  of,  instances, 
have  been  largely  or  entirely  absorbed  in  the  running  expenditures  of 
tire  parent  company,  and  are  not  reflected  in  the  book  costs.  On  the 
older  lines  the  accounts  of  many  of  the  constituent  roads  have  been 
lost  or  are  incomplete.  Additions  and  betterments  have  been  charged 
to  operating  expenses.  Roads  have  been  absorbed  through  foreclosure 
proceedings,  and  the  cost  has  been  entered  on  the  books  at  figures 
much  less  than  their  original  cost.  In  fact,  all  that  can  be  said  of  the 
surviving  books  of  the  older  railroad  systems  is  that  they  shovs^  merely 
such  portion  of  the  original  cost  to  date  as  is  there  recorded,  and 
that,  therefore,  they  are  not  proper  for  use  in  physical  valuations, 
except  in  so  far  as  they  may  be  of  aid  in  casting  a  side  light  on  esti- 
mated costs  of  reproduction  as  of  the  present  time.  Moreover,  the 
loss  of  old  records  on  many  roads, "and  incompleteness  of  records  on 
others,  would  necessitate  frequent  departures  from  the  general  rule, 
with  resulting  inconsistencies  and  injustice. 

Cost  of  Reproduction  New. — The  second  of  the  alternative  methods 
In-escribed  in  the  Act  of  Congress  is  Cost  of  Reproduction  New.  Under 
this  theory  of  valuation,  as  generally  construed,  the  configuration  of 
the  ground  surface  and  other  natural  topographical  conditions  along 
the  line  are  assumed  to  be  restored  and  be  as  they  were  before  the 
railroad  was  constructed,  but  in  all  other  respects  the  existing  environ- 
ment is  taken  as  of  to-day. 

In  determining  quantities  and  values  under  this  method  it  would 
seem  essential  that,  as  far  as  possible,  the  proceflure  should  be  dupli- 
cated that  experience  has  shown  would  have  to  be  followed,  step  by 
'Step,  in  the  creation  of  a  going  railroad.  Mere  inventorying  of  the 
innumerable  component  items  and  the  placing  of  a  price  on  eacli  will 
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not  give  the  cost  of  reproduction,  because  the  intimate  rehition  that 
the  parts  bear  to  each  other  and  the  cost  of  their  assemblage  into  a 
connected  whole  are  thereby  ignored. 

The  impression  prevails  that  the  building  of  a  railroad  begins  with 
the  breaking  of  ground  and  ends  with  the  driving  of  the  last  spike. 
The  fact  is  that  there  are  three  well-defined  and  equally  important 
stages  that  precede  the  successful  completion  of  a  solvent  enterprise, 
the  first  and  last  of  which  are  given  but  little  weight  in  the  usual  esti- 
mating of   cost.  ..  .■!.  ;  >r.  ij:;>i 

First  there  is  initiation.  The  plan  has  inception  in  the  minds  of 
men  who  are  fitted  by  experience,  acquaintanceship,  resourcefulness, 
courage,  and  tact,  to  give  it  life  and  sustain  it  through  many  vicissi- 
tudes to  final  issiie.  Reconnoissances,  preliminary  surveys,  and  esti- 
mates of  cost,  revenue,  and  profits,  are  needed  to  demonstrate  its  feasi- 
bility. Tentative  agreements  are  essential  for  the  features  that  must 
he  secured  before  publicity.  Arrangements  must  be  concluded  for 
financing  the  project  through  underwritings  or  by  sales  of  securities 
on  a  commission  basis.  Capable  men  must  be  selected  for  the  adminis- 
trative and  engineering  staffs.  All  this  requires  much  time,  often 
years,  and  considerable  expenditures  which  the  Interstate  Commerce 
Commission  has  authorized  as  chargeable  under  its  classification  of 
"47.  Interest  and  Commissions"  and  "48,  Other  Expenditures." 

Next  comes  the  constructive  stage.  This  embraces  final  location, 
investigation  of  subsurface  conditions,  and  surveys;  the  preparation 
of  maps,  plans,  specifications,  and  estimates;  the  purchase  and  con- 
demnation of  rights  of  way  and  real  estate;  negotiations  with  other 
railroads  for  trackage  and  crossings,  and  with  municipalities  and 
towns  for  franchises  and  other  privileges;  the  requesting  of  bids  and 
the  awarding  of  contracts;  and  then  active  construction  by  contract 
and  company  forces. 

The  acquisition  of  land  and  of  rights  from  others  is  a  slow  and 
tedious  process,  fraught  with  delays  and  expensive  litigation,  and  it 
is  rarely  safe  to  proceed  with  actual  construction  on  important  work 
until  this  step  is  concluded. 

Construction  proper  necessarily  would  not  be  started  simultane- 
ously on  all  portions  of  a  large  system.  The  main  stem  would  require 
first   attention,    followed   soon   by   the   important   terminals,   next   the 
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principal  branches,  then  the  lesser  ones,  and  lastly  the  minor  branches 
and  spur.s. 

Kxpoditious  construction  of  a  great  railroad  system  through 
populous  communities  does  not  admit  of  the  awarding  of  small  con- 
tracts, as  is  usual  on  minor  extensions  of  a  "going"  railroad.  Responsi- 
lile  contractors  of  wide  experience,  with  followings  of  sub-contractors, 
must  be  attracted  by  the  prospect  of  work  of  magnitude  at  remunera- 
tive prices. 

Lastly  is  the  educational  and  development  stage,  when  the  line  is 
opened  to  traffic.  Competent  forces  must  be  selected,  organized,  and 
trained  to  maintain  and  operate  tracks,  structures,  rolling  stock,  and 
floating  o(iui)uuent.  Errors  of  dc^ign  and  construction,  as  developed 
by  operation,  must  be  rectified.  Equipment  in  consignments  must  be 
received  from  the  manufacturer,  ''broken  in,"  and  assigned  to  varying 
duties.  TratiK-  must  be  induced,  economies  studied,  experiments  tried, 
and  the  public  brought  to  an  appreciation  of  the  new  facilities.  Stated 
differently,  all  parts  of  the  new  creation  must  be  co-ordinated  and 
thoroughly  trained  in  their  new  duties  before  it  is  possible  to  handle 
successfully  a  great  volume  of  traffic.  This  period  of  education,  ad- 
justment, and  development,  during  which  the  earnings  from  operation 
would  increase  from  nothing  at  the  commencement  to  the  full  amount 
at  the  enil  of  the  period,  varies,  of  course,  with  the  nature  of  the 
country  and  traffic.  Under  the  most  favorable  ausi)ices.  it  usually 
lasts  for  several  years. 

It  is  evident  that  the  mere  inventorying  of  the  items  of  a  railroad 
as  parts  of  an  inert  whole  will  not  give  due  weight  to  the  processes 
that  experience  has  shown  are  essential  to  the  creation  de  novo  of  a 
vitalized  homogeneous  system  of  transportation,  equipped,  manned, 
and  trained  for  the  same  character  of  service  that  it  now  performs. 
The  problem  should  be  approached  in  much  the  same  spirit  as  in  the 
actual  organizing,  building,  and  launching  of  a  new  railroad. 

Cont  of  Reproduction,  Less  Depreciation.— The  remaining  method 
mentioned  in  the  Act  is  Cost  of  Reproduction,  Less  Depreciation.  For 
rate-making  purposes  it  does  not  seem  to  the  writer  that  the  physical 
depreciation  should  be  deducted  from  the  cost  of  reproduction  new. 
lloili  law  and  practice  have  determincil  (hat  all  expenditures  for  re- 
newals and  repairs  should  be  charged  to  working  expenses,  and  not 
to   capital;    or,    stated    differently,    normal   depreciation    is    not    to    be 
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treated  as  a  wastage  of  capital,  but  as  an  element  in  the  cost  of  opera- 
tion that  is  covered  by  the  rate. 

That  any  other  course  would  be  improper  and  even  illogical  is  at 
once  apparent  when  it  is  realized  that  in  any  subsequent  reappraisal, 
say  a  year  hence,  the  inclusion  therein  at  full  value  of  a  renewed  item 
that  appears  in  the  appraisal  at  its  depreciated  value,  practically  would 
amount  to  the  capitalizing  of  a  renewal  expenditure  that  had  been 
charged  to  income. 

In  fact,  the  Act,  in  requiring  that  valuations  shall  be  revised  from 
time  to  time  as  improvements  or  other  changes  are  made,  in  effect 
prohibits  the  deduction  of  depreciation,  as  otherwise  the  constant  addi- 
tion of  amounts  expended  in  the  replacement  or  renewal  of  items  that 
had  been  included  in  the  valuation  at  their  depreciated  price,  would 
be  a  violation  of  the  rule  of  the  Interstate  Commerce  Commission  that 
operating  expenses  should  not  be  charged  to  capital. 

For  instance,  expensive  coal  pockets  which  will  cost,  say,  $600  000 
to  renew,  may  be  worth  a  nominal  sum  in  their  present-day  run-down 
condition.  The  adoption  of  a  depreciated  figure  would  mean  that 
when  the  structure  is  rebuilt,  say,  next  year,  $600  000  would  be  added 
to  the  valuation,  although  correct  accounting  would  demand  that  the 
entire  cost  should  be  charged  to  operating  expenses. 

The  conclusion  seems  warranted  that,  for  rate-making  purposes, 
depreciation  should  not  be  deducted  from  the  cost  of  reproduction. 
It  is  plainly  a  liability  of  the  stockholders,  partly  offset  by  any  re- 
serves that  may  have  been  established  for  that  purpose,  and  should 
be  given  due  weight  in  determining  a  railroad  company's  net  profit 
and  loss  account.  Of  course,  in  the  case  of  Government  acquisition, 
this  feature  would  require  due  attention,  for  the  reason  that  the  pur- 
chaser would  be  assuming  the  stockholders'  burden  of  future  restora- 
tion of  depreciated  items. 

Summary  of  Basic  Principles. — If  the  foregoing  reasoning  is  sound, 
it  is  evident  that  the  selection  of  the  underlying  basic  principle  must 
be  guided  by  the  purpose  for  which  the  valuation  is  made. 

The  sale-value  method,  while  used  in  certain  instances  where  the 
general  taxation  laws  thus  require,  is  inapplicable  for  rate-making  and 
acquisition  purposes  because  it  does  not  take  into  account  the  features 
that  mark  the  difference  between  an  aggregation  of  dissociated  parts 
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and  tlio  same  parts  cemented  together  and  pulsing  with  life  as  a  going 

concern. 

The  original  cost-to-date  method  is  inadmissible,  except  as  a  side 
Ijoht  on  other  methods,  because  the  incompleteness  and  non-uniformity 
of  past  records  are  a  bar  to  the  making  of  accurate  statements  of  full 
cost,  and  because  the  loss  of  such  records  on  many  roads  makes  im- 
possible that  universality  of  application  that  is  essential  to  equity  and 

fairness. 

Cost  of  reproduction  new,  if  estimated  in  such  manner  as  to  em- 
brace all  the  steps  that  experience  has  shown  are  needed  for  the  crea- 
tion of  a  living,  self-supporting  organism,  may  be  considered  as  a  fair 
measure  of  physical  value  in  connection  with  rate  regulation;  but 
physical  depreciation,  being  an  element  of  waste  chargeable  to  operat- 
ing expenses  and  therefore  a  stockholders'  liability,  is  not  deductible 
except  in  cases  where  the  burden  of  restoring  the  depreciation  is  trans- 
ferred to  a  purchaser. 

Land   Values. 

Even  though  the  reproductive  principle  is  accepted,  there  are  many 
who  contend  that  land  values  should  be  entered  in  the  estimate  at 
their  original  cost,  or  at  the  current  normal  market  price  of  neighbor- 
ing lands,  without  any  increase  for  severance  and  other  damages,  or 
for  the  excess  that  railroads  are  compelled  to  pay  for  right  of  way. 

Original  Cost.— The  ''original  cost"  measure  of  land  values  is  be- 
lieved to  be  unfair  for  two  reasons:  It  ignores  the  increment  that 
is  enjoyed  by  all  other  property  owners  through  increase  in  the  popu- 
h.tion  and  prosperity  of  the  country;  and  it  would  lead  to  the  incon- 
sistency of  low  original  values  on  lines  unfortunate  enough  to  have 
preserved  their  land  records,  and  high  costs  on  adjacent  lines  where 
tlK.  absence  of  records  would  make  imperative  the  use  of  present-day 

values. 

Current  Normal  Market  Prices.— That  current  normal  market 
prices  are  not  a  proper  gauge  of  the  cost  of  reproducing  railroad  lands 
is  well  known  to  all  who  have  had  experience  in  right-of-way  matters. 
From  a  variety  of  causes,  such  as  severance  and  other  damages,  plot- 
tage, and  the  psychological  attitude  of  owners  toward  corporate  pur- 
chasers, the  prices  paid  by  railroads  are  far  in  excess  of  normal  neigh- 
boring values,  in  cities  and  towns  the  average  factor  ranging  from 
li  to  2,,  and  in  the  country  from  2^  to  3i.     To  ignore  this  condition 
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is  unjust  in  theory,  and  in  practice  would  result  in  confiscation  of 
property  wliere  actual  expenditures  for  right  of  way  on  recently  built 
lines  can  be  proven  to  have  been  many  times  the  cost  that  would 
result  from  the  use  of  fictitious  "normal  market  prices." 

Reproductive  Prices. — The  conclusion  seems  warranted  that  strict 
equity  can  be  served  only  by  the  adoption  of  one  standard  of  land 
values  applicable  alike  to  all  roads,  and  that  the  fairest  standard  is 
reproductive  cost,  which,  as  its  name  implies,  calls  for  the  estimated 
cost  of  reproducing  the  lands  in  each  locality  at  the  present  time, 
taking  into  consideration  all  the  elements  which  are  known  to  have 
a  bearing  on  the  purchase  of  railroad  right  of  way  and  real  estate, 
including  costs  of  acqiiisition. 

This  method  guarantees  equal  consideration  to  the  older  lines  and 
to  those  more  recently  built,  avoids  the  dangers  of  confiscatory  action, 
and  gives  due  consideration  to  the  facts  that  are  known  to  enter  into 
the  purchasing  and  condemnation  of  lands  for  railroad  purposes. 
Inventorying   and  Pricing  Measurable   Items. 

A  physical  examination  of  a  railroad  at  once  reveals  a  multitude 
of  items  which  are  patent  to  the  eye  and,  therefore,  may  be  termed 
"measurable  items." 

Inter'state  Commerce  C ommission  Classification. — To  estimate  prop- 
erly the  cost  of  reproducing  these  items  in  place,  as  parts  of  a  con- 
nected whole,  it  is  exceedingly  necessary  that  they  shall  be  listed  in 
such  a  manner  that  their  relation  to  each  other  will  be  apparent;  and 
this  can  be  best  done  by  adhering  strictly  to  the  classification  of  ex- 
penditures for  road  and  equipment,  as  prescribed  by  the  Interstate 
Commerce  Commission.  In  fact,  this  procedure  is  imposed  under  the 
terms  of  the  Act. 

A  number  of  valuations  have  generalized  their  treatment  of  the 
data  embraced  under  the  primary  accounts  of  the  Commission,  with 
results  that  will  not  bear  analysis.  For  this  reason  it  is  essential  that 
every  road  item  should  be  entered  under  its  proper  sub-primary  ac- 
count, exactly  as  would  be  done  in  the  building  of  a  new  line.  Bunch- 
ing items  together  at  lump  prices  will  not  accomplish  this  result. 

Tentative  Prices. — By  inventorying  all  parts,  with  a  view  to  their 
relation  to  each  other  during  the  i:)rocess  of  construction,  and  by 
adhering  strictly  to  the  Interstate  Commerce  Commission  classification, 
it  is  possible  to  determine  in  advance  of  the  field  work  a  list  of  tenta- 
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tivo   jiricos    for   nil    tlic    items   chargeable   to   eaeh    of   the   sub-primary 
accounts  that   actual  experience*  has  shown   will   be  encountered. 

As  conditions  on  many  railroads  in  various  parts  of  the  country 
diflFer  witloly,  each  locality  requires  special  study  in  conjunction  with 
such  records  of  actual  cost  as  may  be  available.  Based  on  this  study, 
a  tentative  price  list  may  be  adopted  for  the  general  information  and 
guidance  of  the  engineer  in  direct  charge  of  each  railroad  subdivision. 
Such  prices  would  be  modified  by  him  whenever  local  conditions  made 
that  course  necessary,  and  in  such  cases  his  reasons  for  the  modifica- 
tions should  be  given  for  vise  by  the  engineer  in  general  charge. 

In  fixing  tentative  prices,  due  consideration  should  be  given  to 
numy  elements  of  cost  which  are  of  a  temporary  nature  during  con- 
struction and  are  not  always  apparent  in  after  years,  as,  for  instance, 
salaries  and  expenses  in  connection  with  the  acquisition  of  lands; 
temporary  trestles  to  facilitate  track-laying  in  advance  of  the  erection 
of  bridge  superstructures ;  preliminary  surfacing  of  track  for  the 
preservation  of  rail  from  injury  pending  final  ballasting;  and  trans- 
portation of  men,  tools,  and  material  to  points  of  distribution,  the 
expenses  of  wliich  are  best  incorporated  in  the  unit  prices  rather 
than  to  attempt  to  segregate  them  under  Interstate  Commerce  Com- 
mission Account  32. 

Owing  to  wide  fluctuations  in  the  costs  of  labor  and  material,  the 
practice  of  adopting  unit  prices  that  will  be  fair  averages  over  a  period 
of  several  years  has  been  followed  extensively.  This  is  undoubtedly 
the  proper  course,  with  the  exception  of  items  that  have  shown  a  con- 
stant tendency  in  one  direction,  as  in  the  cases  of  lumber,  piling,  ties, 
and  many  classes  of  labor.  In  the  latter  instances,  it  would  seem 
that  current  instead  of  average  prices  should  be  adopted. 

Overhead   Costs. 
(Exclusive  of  Interest  During  Construction.) 
As  already  stated,  the  inventorying  and  pricing  of  measurable  items 
by  no  means  yield  the  full  cost  of  reproducing  a  railroad. 

The  necessity  of  providing  means  for  cementing  together  these 
items  is  recognized  by  the  Interstate  Commerce  Commission  through 
certain  accounts  in  the  classification  of  expenditure's  for  road  and  equip- 
ment, viz.:  1 — Engineering;  35 — Earnings  and  Operating  Expenses 
during  Construction;   and  43  to  48.   inclusive,   (ieneral   Expenditures. 
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An  estimate  of  the  cost  of  a  railroad  also  requires  an  allowance 
for  contingencies,  which  the  fallibility  of  the  best  of  engineering  fore- 
casts has  shown  to  be  necessary  to  cover  omissions,  errors,  and 
uncertainties. 

In  the  aggregate,  these  overhead  expenses  constitute  a  large  per- 
centage of  the  total  cost. 

Engineering. — It  should  be  borne  in  mind  that  Interstate  Com- 
merce Commission  Account  1  calls  for  engineering  expenses  in  con- 
nection with  Road  Items  4  to  31  only,  and  does  not  apply  to  Items 
2 — Right  of  Way  and  Station  Grounds,  and  3 — Real  Estate,  nor  to 
Items  37  to  42,  inclusive,  Equipment. 

Contingencies. — Despite  the  utmost  care  in  estimating,  experience 
has  shown  that  final  costs  are  invariably  far  in  excess  of  preliminary 
forecasts,  unless  a  percentage  is  added  to  cover  a  multitude  of  con- 
tingencies that  arise  during  the  prosecution  of  work. 

An   honestly   prepared   estimate   never    over-sta.tes    quantities,    but, 
on  the  contrary,  omits  many  which  are  overlooked  or  escape  attention. 
Claims  are  made  by  neighboring  land  owners,  employees,  contractors, 
and  others  that  frequently  involve  lawsuits. 

Condemnation  proceedings  result  in  awards  for  damages  far  in 
excess  of  usual  anticipations. 

Floods,  wash-outs,   and   errors   of   employees   cause   added   expense. 
Delays  are  sure  to  arise  that  enhance  costs,  as,  for  instance,  through 
strikes,  court  proceedings,  and  difficulties  in  securing  labor  and  mate- 
rials,  and   also   through   increased   interest   clu^rges  pending   the   time 
of  final  completion. 

Finally,  there  is  always  the  danger  of  rising  markets  for  material 
and  labor,  and  of  a  scarcity  of  high-grade  contractors. 

Of  recent  years  there  has  been  a  growing  appreciation  of  the  neces- 
sity of  adding  for  contingencies  not  less  than  from  15  to  20%  to  care- 
fully prepared  preliminary  estimates  of  cost.  The  instances  are  many 
where  enterprises  ha.ve  under-estimated  their  cash  needs,  through  in- 
adequate allowance  for  this  feature,  with  disastrous  financial  results. 

It  has  been  said  that  the  knowledge  gained  from  the  study  of  a 
completed  railroad  largely  eliminates  elements  of  uncertainty.  This 
is  true  of  such  features  as  adequacy  of  waterwaj^s,  miscellaneous  items 
often  forgotten  or  overlooked  in  a  preliminary  estimate,  and,  to  some 
extent,  nature  of  foundations  and  classification  of  excavation;  but  the 
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largest  elements  of  chance  still  remain,  such  as  claims,  delays,  rising 
markets,  scarcity  of  competent  contractors,  omissions,  inflated  land 
values  and  damages,  complications  in  connection  with  the  elimination 
of  grade  crossings,  and  the  nature  of  foundations  of  which,  on  the 
majority  of  the  older  roads,  little  authentic  information  now  exists. 

There  are  also  the  further  items,  usually  miprovided  for  elsewhere, 
of  cost  of  acquiring  lands;  the  expense  of  organizing  maintenance  and 
operating  forces  pending  the  commencement  of  regular  operation ;  and 
expenditures  for  engineering,  inspection,  and  "breaking  in"  of  rolling 
stock. 

General  Expenditures. — In  the  words  of  the  Chairman  of  the 
Public  Service  Commission  of  New  York  in  the  Rochester,  Corning, 
Elmira  Traction  Company  decision : 

"When  the  amount  of  the  actual  cost  of  the  physical  construction 
of  the  proposed  road  has  been  determined  we  are  still  far  from  having 
determined  the  amount  of  capitalization  which  should  be  allowed. 
There  are  many  elements  of  cost  attendant  upon  bringing  into  exist- 
ence of  a  new  railroad  additional  to  the  cost  of  mere  physical  con- 
struction. Some  of  these  elements  may  be  enumerated  as  follows: 
(1)  expense  of  organization,  (2)  incorporation  tax,  (3)  expense  of 
obtaining  a  certificate  of  public  convenience  and  necessity,  (4)  pre- 
liminary engineering  expenses,  (5)  expense  of  procuring  the  authoriza- 
tion of  issue  of  stock  and  bonds,  (G)  expense  of  marketing  the  securi- 
ties, (7)  discount  upon  the  bonds  provided  they  cannot  be  sold  at  par, 
(8)  interest  upon  the  bond  issue  during  the  period  of  construction  and 
prior  to  the  beginning  of  operations,  (9)  compensation  of  officers  of 
the  road  during  the  construction  period,  (10)  incidental  expenses  dur- 
ing construction  period,  (11)  expense  of  obtaining  local  franchises 
and  consents. 

"Another  subject  of  great  interest  and  importance  is  the  com- 
pensation, if  any,  to  which  the  promoters  of  the  enterprise  should  be 
entitled  for  their  services.  Promotion  has  been  so  extensively  abused 
and  has  been  so  universally  used  as  a  cover  for  abuses  in  capitaliza- 
tion that  it  has  come  to  be  regarded  as  a  term  of  reproach  and  as  a 
device  to  work  schemes  of  robbery  upon  the  investing  public.  No 
reason  is  apparent  why  this  should  necessarily  be  so.  The  honest 
services  of  a  capable  promoter  are  indispensable  to  the  flotation  of 
every  comprehensive  and  far-reaching  scheme  of  development  in  the 
railroad  world,  or  elsewhere.  A  clear  vision  to  see  opportunities,  ability 
to  demonstrate  them  to  others,  and  energj'  to  pvish  to  completion  works 
untried  but  of  great  moment,  are  indispensable  to   material  develop- 
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meat  and  should  be  fairly  and  even  liberally  rewarded  by  the  public 
which  receives  the  benefit  of  those  works.  Such  rewards,  however, 
should  be  put  upon  a  clear  basis  of  business  principle,  should  be  of 
sufficient  magnitude  to  encourage  rather  than  discourage  enterprise, 
and  should  not  be  so  great  as  to  make  exorbitant  demand  which  is 
perpetual  in  its  nature,  upon  the  community  to  be  served.  They  are 
to  be  treated  simply  as  just  payments  for  services  performed  for  the 
corporation,  which  services  are  valuable  and  in  many  cases  even  indis- 
pensable. Such  services  should  be  paid  for  upon  the  basis  of  what 
they  are  fairly  worth,  having  regard  to  all  the  circumstances  of  the 
case. 

"These  observations  are  so  elementary  that  further  elaboration  of 
the  principle  involved  should  not  be  necessary.     *     *     *  " 

The  Interstate  Commerce  Commission  classification  of  expendi- 
tures for  road  and  equipment  provides  for  the  charging  of  general 
expenditures  to  the  following  accovuits: 

43 — Law  Expenses; 

44 — Stationery    and    Printing; 

45 — Insurance ; 

46— Taxes; 

47 — Interest  and  Commissions; 

48 — -Other  Expenditures. 

It  has  been  usual  in  the  valuation  of  public  utilities  to  fix  arbi- 
trarily a  percentage  of  the  total  cost  to  cover  these  items,  but  it  seems 
possible  to  make  an  analysis  of  these  charges  and  thereby  reach  a  result 
that  may  be  said  to  have  a  logical  basis. 

Law  expenses,  stationery  and  printing,  and  insurance  may  be  esti- 
mated by  taking  the  aggregate  annual  current  expenses  for  these  items 
on  a  given  railroad  and  making  a  suitable  allowance  for  the  additional 
expense  that  would  be  probable  under  the  conditions  of  construction, 
as  compared  with  normal  operation,  for  one-half  the  adopted  total 
period  of  construction  from  the  inception  to  the  final  completion  of 
the  enterprise. 

Taxes  during  the  constructive  period  may  be  taken  at  the  current 
annual  amount  for  one-half  of  the  period  extending  from  the  date  of 
commencement  of  right-of-way  purchases  to  the  time  of  commence- 
ment of  operation. 

Discount  on  bonds  by  many  is  not  considered  to  be  properly  charge- 
able to  cost  of  construction,  on  the  theory  that  pure  discount  is  equiva- 
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k'ut  to  an  adjustment  of  the  interest  rate  to  current  market  conditions. 
A  banker's  commission  for  the  sale  of  securities,  however,  should  be 
included.  Payment  for  the  services  of  those  undertaking  the  sale  of 
stocks  and  bonds  seems  to  be  just  as  legitimate  and  necessary  as  com- 
pensation for  other  services  incident  to  the  carrying  out  of  the  project. 
"Other  expenditures"  may  be  obtained  by  taking  the  current  annual 
cost  of  salaries  and  expenses  of  general  officers  and  clerks  for  one-half 
of  a  period  extending  from  the  commencement  of  right-of-way  pur- 
chases to  the  commencement  of  operation.  In  addition  to  this  there 
would  be  the  further  payment  properly  due  to  those  who,  through  their 
initiative,  originality,  ability,  and  assumption  of  responsibility  of  final 
success,  would  give  life  to  the  enterprise.  The  propriety  of  making 
this  allowance  is  well  expressed  in  the  above-quoted  opinion  of  the 
( 'luiirnian  of  the  Public  Service  Commission  of  the  State  of  New  York. 

Interest  During  Construction. 

It  is  generally  conceded  that  interest  on  money  during  construc- 
tion is  as  much  an  element  in  arriving  at  the  cost  of  the  reproduction 
of  a  railroad  as  expenditures  for  any  other  purpose  in  achieving  the 
same  result.  Payments  for  the  use  of  money  are  in  principle  not 
different  from  payments  for  labor,  or  materials,  or  right  of  way. 
During  the  process  of  construction  of  a  new  enterprise  there  is  no 
fund  on  which  the  company  can  draw  for  interest  payments,  except 
interest-bearing  borrowings  supplemented  by  such  net  earnings  as 
may  result  from  operation  during  that  time;  and  hence  the  capital 
raised  must  be  sufficiently  large  to  cover  all  items  of  cost,  including 
interest  upon  itself,  and  "interest  on  the  interest,"  up  to  the  point  of 
final  completion  of  the  road  in  running  order. 

Methods  of  Calculating  Interest. — Although  the  propriety  of  in- 
cluding interest  on  money  during  construction  as  an  element  of  cost 
is  thus  recognized,  the  tendency  has  been  greatly  to  under-estimate 
the  amount. 

It  has  been  customary  to  take  the  estimated  cost  at  the  adopted  rate 
of  interest  for  one-half  of  the  assumed  period  of  construction.  This 
treatment  is  on  the  theory  that  tlie  expenditures  will  increase  in  a 
constant  ratio  or  straight  line,  from  nothing  at  the  beginning  to  the 
full  amount  at  the  end  of  the  constructional  i)eriod ;  that  money  ad- 
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vanced  to  the  company  is  non-interest-bearing  until  actually  disbursed; 
and  that  no  interest  is  paid  on  the  interest  payments. 

An  analysis  of  the  conditions  that  actually  obtain  in  the  building 
of  a  large  railroad  shows  that  the  usual  method  of  calculating  interest 
charges  yields  a  result  very  much  lower  than  would  actually  occur  in 
a  reproduction  of  the  system,  for  the  following  reasons: 

Igt. — Expenditures  do  not  increase  in  a  constant  ratio.  In  the 
preliminary  stage  the  rate  of  expenditures  is  small.  Then  there  fol- 
lows a  marked  rise  because  of  heavy  right-of-way  payments,  followed 
by  a  somewhat  decreasing  rate.  Finally,  the  rate  again  increases  by 
reason  of  large  payments  for  equipment.  The  usual  result  is  a  much 
larger  volume  of  expenditures  in  the  early  stages  of  the  work  than  ap- 
pears from  the  use  of  the  straight-line  method. 

2d. — The  securing  of  capital  on  a  basis  that  will  assure  its  delivery 
exactly  as  needed  for  disbursement  during  the  progress  of  the  work 
i.s  not  practicable.  Stringency  in  the  money  market  or  other  unfore- 
seen contingencies  make  imperative  the  possession  by  the  company  of 
ample  funds  to  bridge  over  temporary  crises,  even  when  the  funds  are 
supplied  through  banking  houses  of  imquestioned  strength.  Either 
the  entire  amount  must  be  taken  at  the  time  of  financing,  or  the  capi- 
tal must  be  paid  in  annual  installments  in  advance.  In  either  case  the 
unused  surplus  over  current  needs  is  loanable  at  rates  materially  less 
than  those  paid  by  the  company,  the  effect  of  which  is  an  addition  to 
the  burden  of  interest  charges  during  construction. 

3d. — Interest  charges  must  be  paid  from  the  capital,  which  itself 
is  interest-bearing,  and  therefore  it  is  not  proper  that  interest  on  the 
interest  should  be  omitted  from  the  calculation  of  this  item  of  cost. 

Summarizing,  the  ordinary  method  of  calculating  interest  charges 
usually  produces  an  amount  that  is  too  low,  by  reason  of  the  failure 
to  take  into  consideration  the  heavy  right-of-way  expenditures  in  the 
early  stages  of  the  work;  by  reason  of  the  neglect  to  include  interest 
on  unused  money  awaiting  active  use;  and  by  reason  of  the  omis- 
sion of  interest  on  interest. 

Bates  of  Interest. — The  rate  of  interest  paid  on  the  money  invested 
has  been  usually  taken  at  6%,  on  the  theory  that  the  enterprise  would 
be  financed  one-half  on  bonds  bearing  5%   and  one-half  on  stock  en- 
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titled  to  7%,  both  bringing  par  on  the  market.  Many  examples  can  be 
(pioted  to  show  that  this  rate  is  conservative. 

The  rate  received  on  balances  placed  on  time  loans  may  be  taken 
at  from  4  to  6%,  and  on  call  loans  at  from  2  to  4  per  cent. 

Time  of  Construction. — The  assumed  jjeriods  of  inceptioiv  right-of- 
way  purchases,  active  construction,  and  traffic  development  should  be 
based  on  conditions  as  found  on  the  particular  railroad  under  considera- 
tion. On  a  complicated  system,  the  time  required  for  the  acquisition 
of  right  of  way  and  for  the  construction  of  the  more  difficult  lines  should 
govern,  and  the  assumed  date  of  -commencement  of  active  work  on  the 
less  important  lines  and  branches  should  be  advanced  so  that  suiBcient 
time  only  will  remain  for  their  completion  when  needed  for  the  initial 
operation  of  the  system  as  a  whole.  Industrial  spurs  as  well  as  equip- 
ment may  be  assumed  Lo  be  supplied  during  the  final  stage  when  traffic 
is  being  gradually  induced.  By  treating  the  subject  in  this  manner 
the  building  of  the  various  sections  and  the  delivery  of  equipment  will 
be  co-ordinated  with  a  view  to  completion  only  as  needed,  and  the 
undue  expenditure  of  interest  on  inactive  "capital  thereby  will  be 
avoided. 

Graphical  Analyses. — To  assist  in  determining  the  lengths  of  the 
iliiferent  stages,  and  in  ascertaining  aggregate  capital  requirements 
and  net  interest  payments  as  the  work  is  assumed  to  progress,  graphical 
analyses  will  be  found  to  make  this  important  subject  clear  and  con- 
clusive. 

Earnings  During  Construction. — Proceeding  on  the  theory  that  the 
full  current  net  operating  income  of  a  railroad  will  be  realized  at  the 
end  of  the  last  stage  of  construction,  it  is,  of  course,  proper  that  the 
capital  invested  should  be  credited  with  the  net  earnings  enjoyed  during 
that  stage.  These  may  be  taken  at  the  full  current  net  earnings  of 
the  company  for  a  length  of  time  equivalent  to  one-half  of  the  educa- 
tional and  development  period,  except  on  roads  where  losses  instead  of 
profits  may  be  fairly  estimated  for  the  development  period.  In  the 
latter  instances  it  would  seem  proper  to  consider  the  net  losses  as 
legitimate  charges  to  the  cost  of  creating  the  enterprise. 

Working  Capital. 

That  working  capital  is  absolutely  necessary  for  the  proper  running 
of  a  railroad  is  well  shown  in  the  following  extract  from  the  opinion 
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of  the  Chairman  of  the  Public  Service  Commission  of  New  York,  in 
the  Rochester,  Corning,  Ehnira  Traction  Company  case: 

"In  addition  to  the  foregoing  matters,  there  should  be  provided 
upon  the  commencement  of  operation  a  fair  and  reasonable  amount 
of  working  capital.  The  operation  of  the  company  can  be  continued 
with  far  greater  efficiency,  more  to  the  satisfaction  of  the  public,  and 
with  better  results  to  the  stockholders,  if  it  has  at  all  times  in  its 
treasury  a  working  capital  sufficient  and  adequate  to  meet  the  re- 
(luirements  of  the  road.  Experience  has  demonstrated  this  so  many 
times  that  insistence  vipon  it  or  elaborate  demonstration  of  its  truth 
is  not  required  at  this  time." 

Working  capital  represents  money  permanently  non-productive  ex- 
cept through  earnings  derived  from  the  transportation  of  passengers 
and  freight.  It  includes  cash  held  in  readiness  for  the  prompt  pay- 
ment of  pay-rolls  and  vouchers,  money  tied  up  in  bills  receivable,  and 
money  invested  in  "stock  on  hand."  The  average  amount  may  be 
ascertained  from  a  study  of  the  annual  report  of  the  railroad  company. 

Depreciation. 

Depreciation,  modified  by  the  appreciation  of  those  parts  that  im- 
prove with  time,  should  be  based  on  actual  conditions  and  on  suit- 
ability for  continued  use.  As  a  rule,  several  types  of  depreciable  and 
appreciable  property  will  be  found  on  a  railroad. 

Bridges,  Buildings,  etc. — Structures  like  bridges  and  buildings, 
fundamentally  sound  and  good  for  an  indefinite  continuing  life,  may 
have  their  depreciation  measured  by  the  estimated  expenditures  re- 
quired to  put  them  in  100%  condition.  Generally  speaking,  obsolescence 
in  such  instances  is  believed  to  be  too  speculative  for  consideration. 

Rails. — Certain  items,  like  rails,  are  good  for  an  indefinite  con- 
tinuing life,  during  the  early  stages  of  which  there  is  a  gradual  dimin- 
ishment  of  value  followed  for  many  years  by  fixed  values.  Rails  usually 
pass  through  several  stages  before  they  are  \infit  for  further  use  in 
track.  First,  they  are  utilized  on  the  more  important  lines  until  their 
condition  becomes  such  as  to  make  them  unfit  for  high-speed  passen- 
ger service.  Then  they  are  transferred  to  lines  of  minor  traffic,  or 
to  sidings  and  yards,  where  they  may  remain  for  an  indefinite  period. 
Manifestly,  it  is  improper  to  attempt  to  measure  their  depreciation  on 
an  arbitrary  mortality  basis,  as  in  some  instances  the  character  of  the 
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traffic  may  bo  such  ns  to  wear  out  the  rail  in  oiu;-lialt"  or  oue-thircl  of 
the  assumed  ultimate  life,  and  in  other  cases  the  trafHc  may  be  so 
light  as  to  permit  the  reteiition  of  the  rail  in  service  for  possibly  twice 
the  assumed  ultimate  life.  Therefore  the  depreciation  of  the  rail  in 
each  instance  must  be  judged  by  its  actual  condition  and  the  kind  of 
traflic  that  it  bears.  Commercially  considered,  there  arc  three  classes 
I  if  rail:  new,  relayer,  and  scrap.  Between  the  first  two  there  is  a  grad- 
ually decreasing  range  of  value  from  the  new  to  the  relayer  price,  the 
difference  between  them  being  spreadable  over  the  average  period  during 
which  it  may  be  assumed  that  the  rail  will  be  suitable  for  the  higher 
classes  of  service.  Further  depreciation  below  relayer  value  will  de- 
pend entirely  on  actual  conditions  as  the  material  approaches  the  point 
where  it  is  removable  as  scrap. 

Ties  and  Timher  Trestles. — In  a  number  of  cases  experience  has 
shown  that  a  fairly  definite  life  may  be  determined.  Ties,  for  instance, 
from  a  study  of  the  renewal  records  of  each  company,  will  be  found  tf) 
have  an  average  life,  and  the  average  percentage  of  depreciation  of  all 
the  ties  in  track  will  depend  on  the  time  of  year  when  the  observations 
are  made.  Timber  trestles  will  be  found  to  have  average  lives,  depend- 
ing 0]i  the  kind  of  material  of  which  they  are  constructed  and  their 
location  and  purpose.  In  some  instances  the  trestle  may  be  made  as 
good  as  new  by  the  replacement  of  a  few  of  the  more  perishable  parts 
of  the  structure,  and  in  other  cases  an  entire  renewal  will  be  required. 
Between  these  limits,  depreciation  should  be  measured  by  the  proportion 
of  the  total  life  of  the  structure  that  has  expired. 

Equipment  and  Macliinerij. — With  rolling  stock,  floating  eciuipnient, 
and  shop  machinery  and  tools,  obsolescence  as  well  as  decrepitude  should 
he  taken  into  account,  as  past  experience  has  proven  that  there  is  a 
well-defined  period  of  economical  life  beyond  which  continued  iise  is 
wasteful  or  uni)roductive.  In  treating  this  class  of  depr.eciation,  more 
than  ordinary  experience  and  judgment  are  required,  because  of  the 
fact  that  on  the  character  of  up-keep  is  dependent  the  economical  life 
of  the  item  tliat  is  under  consideration.  Therefore  it  is  rarely  possible 
to  adopt  any  fixed  rule  that  will  be  applicable  under  all  conditions. 

Graduation  and  Ballast. — Embankments  in  the  course  of  time 
undergo  solidification  followdng  impact  of  rolling  stock  and  the  action 
of  the  elements.  This  seasoning  results  in  appreciation  that  may  be 
gauged  by  the  estimated  cost  of  obtaining  practically  the  same  desir- 
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able  condition  at  the  time  of  the  construction  of  the  road.  This  cost 
will  depend  on  the  availability  of  water  for  consolidating  purposes,  the 
nature  and  quantity  of  material,  and  the  degree  to  which  the  act  of 
solidification  will  interfere  with  the  ordinary  manner  in  which  the 
embankments  would  be  built. 

Excavations  on  a  new  railroad  are  known  to  give  much  trouble  from 
slides  and  filling  up  of  ditches,  entailing  constant  labor,  often  with  the 
use  of  work  trains,  until  the  surfaces  of  the  cuts  adapt  themselves  to 
conditions,  or,  in  other  words,  become  seasoned.  In  the  case  of  em- 
bankments it  is  possible  to  measure  appreciation  by  the  equivalent  cost 
of  compacting  them  artificially,  but  it  is  not  so  easy  to  fix  definitely  the 
value  of  appreciation  in  excavations;  however,  a  close  approximation 
may  be  made  by  estimating  the  cost  of  work  train  and  other  service  for 
an  assumed  period  of  time,  taking  into  account,  of  course,  depths  of 
cuts,  their  age,  and  the  nature  of  the  material. 

Where  slopes  for  fills  and  cuts  in  the  course  of  time  have  become 
grassed  or  otherwise  covered  with  vegetation  which  protects  the  surface, 
allowance  for  appreciation  may  be  made  on  the  basis  of  the  cost  of  the 
adding  of  these  items  in  the  course  of  construction. 

For  a  considerable  period  after  tracks  are  first  ballasted,  more  or  less 
trouble  and  expense  are  involved  in  preserving  line  and  surface,  par- 
ticularly during  periods  of  wet  and  frost.  This  is  due  to  the  working 
of  the  ballast  into  the  roadbed,  the  filling  of  interstices  from  beneath, 
and  to  the  fact  that  the  ties  have  not  become  solidly  embeddegi  in  the 
ballast.  As  a  consequence  of  these  conditions,  extra  labor  is  required 
constantly,  to  readjust  the  track,  and  there  is  an  absence  of  the  smooth 
riding  of  trains  which  is  so  essential  to  fast  passenger  service  and  to 
the  minimizing  of  repairs  to  track  and  equipment.  As  time  goes  on, 
the  track  is  raised  on  new  ballast,  so  as  to  maintain  it  at  its  original 
height,  and  the  original  ballast  is  pressed  or  settled  downward  into  the 
roadl^d,  where  it  remains  as  a  firm,  semi-porous  substratum  or  blanket 
to  protect  and  sustain  the  overlying  newer  ballast.  This  newer  ballast 
is  the  visible  portion  which  appears  above  the  top  of  the  shoulders  of 
the  embankment  and  is  usually  measured  and  estimated  as  ballast. 
The  older  or  concealed  ballast  is  incorporated  in  the  roadbed,  and 
though  it  is  not  measured  and  estimated  as  such,  its  value  is  reflected 
in  the  appreciated  worth  of  the  part  that  is  measured  and  estimated. 
Experiments  have  shown  that  a  thickness  of  24  in.  beneath  the  bottom 
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of  the  ties  is  necessary  to  distribute  the  weights  of  rolling  stock  properly, 
and  therefore  appreciation  of  ballast  may  be  considered  as  being 
measured  by  the  cost  of  the  concealed  portion  to  a  maximum  depth  of 
24  in.  below  the  bottom  of  the  tie,  less  the  cost  of  the  roadbed  material 
thereby  replaced.  Of  course,  if  ballast  is  dirty  and  requires  cleaning, 
the  approximate  cost  of  forking  it  over  or  otherwise  cleaning  it  may 
be  deducted  from  the  appreciation  arrived  at  as  above. 

Organization  of  Valuation  Corps. 

With  the  general  principles  settled  which  are  to  govern  the  work, 
the  organization  of  the  valuation  corps  next  commands  attention.  View- 
ing the  problem  in  the  same  spirit  that  guides  the  actual  creation  of  a 
going  railroad,  it  is  evident  that  the  mental  attitude  of  the  leading 
members  of  the  corps  must  be  in  harmony  with  the  practices  that 
obtain  in  the  inception,  construction,  and  initial  operation  of  the 
enterprise.  Consequently,  they  must  be  men  of  broad  experience  in 
their  respective  fields,  capable  of  adjusting  rules  and  prices  to  con- 
ditions as  they  find  them  in  each  particular  instance.  Mere  inventory- 
ing, without  the  detail  and  constant  supervision  of  experienced  en- 
gineers, will  produce  results  which  will  be  easily  attackable  in  court. 

In  a  word,  the  problem  is  one  that  calls  for  a  high  order  of  engineer- 
ing skill  in  both  rank  and  file,  so  that  the  outcome  may  reflect  all  the 
jiroeesses  which  have  a  bearing  on  the  final  cost  of  a  live  railroad. 

Valuation  of  Road  Items. — leather  than  subdivide  the  work  imder 
a  number  of  engineers  having  charge  of  separate  subjects,  such  as 
grading,  bridging,  and  track,  the  writer  believes  that  territorial  divisions 
or  districts  should  be  established,  each  in  charge  of  an  engineer  capable 
of  viewing  his  assigned  territory  as  a  whole,  and  of  personally  passing 
on  the  value  and  condition  of  all  items  in  the  light  of  their  relations 
to  each  other,  except  those  on  which  he  will  require  the  advice  of  special 
experts.  In  addition,  it  may  bo  said  that  territorial  valuation  has  the 
merit  of  readily  lending  itself  to  the  segregation  of  results  so  that  they 
may  be  made  available  for  a  variety  of  purposes,  as,  for  instance,  in  esti- 
mating the  cost  per  ton  of  transporting  commodities  from  various 
originating  points  to  destination,  and  in  verifying  values  used  in  vari- 
ous taxing  districts. 

Although   engineers    with   experience   and    ability   in   handling   the 
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work  as  thus  outlined  could  personally  pass  on  the  majority  of  the 
items  entering  into  way  and  structures,  there  are  several  features  re- 
quiring the  attention  of  special  experts. 

These  consist  of  right  of  way  and  real  estate,  interlocking  and 
signals,  and  shop  machinery  and  tools.  In  addition,  the  engineer  in 
charge  of  each  district  will  at  times  need  advice  on  other  specialties,  as. 
for  instance,  heating,  lighting,  and  power  plants  in  shops  and  engine- 
houses,  and  important  or  unusual  structures. 

Valuation  of  Lands. — The  right-of-way  and  real  estate  expert  should 
be  a  man  of  wide  experience  in  the  purchase  of  laud  for  railroad  pur- 
poses, having  also  an  intimate  knowledge  of  railroad  land  values  in 
the  section  in  which  he  is  located.  He  should  be  expected  to  ascertain 
the  current  basic  values  of  neighboring  lands  as  a  means  of  measuring 
the  value  of  the  railroad  properties,  make  inquiries  of  local  real  estate 
agents  and  others  familiar  with  the  subject,  and,  in  finally  fixing  values, 
take  into  account  the  factor  in  each  case  that  experience  has  taught 
should  be  used  as  a  multiplier  in  connection  with  railroad  purchases. 

It  is  believed  that  this  method  of  ascertaining  the  reproductive  cost 
of  right  of  way  and  real  estate,  through  the  central  agency  of  one 
having  this  comprehensive  knowledge  of  the  values  of  land  purchased 
and  used  for  railroad  purposes,  will  avoid  the  inconsistencies  and  errors 
which  are  common  where  the  work  is  entrusted  to  a  multitude  of  local 
men  unversed  in  the  broader  aspects  of  the  problem. 

Valuation  of  Equipment. — Kolling  stock  and  floating  equipment,  as 
defined  by  the  Interstate  Commerce  Commission,  should  each  be  placed 
in  charge  of  an  engineer  of  standing  in  his  specialty.  Each  locomotive, 
car,  and  boat  need  hot  be  viewed  personally  by  the  appraiser,  but  a 
sufficient  number  of  each  class  or  type  may  be  inspected  to  fix  their 
value  and  condition. 

Forms  and  TalAes. — The  adoption  of  forms  on  which  observations 
are  to  be  recorded  and  results  compiled,  is,  of  course,  an  important  step 
in  the  work.  The  forms  should  be  inter-connected  in  such  a  way  that 
it  will  be  easy  to  trace  backward  from  compiled  results  to  the  parent 
underlying-  data,  and  they  should  avoid  generalizations  which  cannot 
be  substantiated  by  facts  as  recorded  in  detail  on  the  ground. 

Tables  and  diagrams  are  also  of  value  in  facilitating  field  and  office 
calculation  of  quantities,  and  as  a  check  on  arithmetical  work. 
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Conclusion. 

Ill  conclusion,  it  may  be  said  that  the  cost  of  reproduction  new 
iippcars  to  be  the  only  measure  of  physical  value  that  places  all  rail- 
roads on  the  sainc  i)lane,  and  the  only  one  that  provides  for  the  in- 
clusion of  every  elenu-ut  of  cost  that  enters  into  the  creation  of  a 
goiny  railroad.  If  properly  applied,  it  will  give  due  weight  to  the 
duplication  of  lands,  under  exactly  the  same  conditions  as  are  known 
to  prevail  in  actual  jiracticc;  it  will  provide  for  the  inventorying  and 
Iiricing  of  measurable  items  in  such  a  manner  as  to  recognize  their 
correlation  and  the  varying  local  conditions  that  surround  them;  it 
will  recognize  the  propriety  of  adequate  charges  for  overhead  costs, 
including  engineering,  contingencies,  general  expenditures,  and  pay- 
ments for  the  use  of  money  during  construction,  all  of  which  are  so 
essential  to  the  assemblage  and  endowing  with  life  of  the  component 
l;arts  of  the  system;  it  will  take  into  consideration  net  gains  or  losses 
during  the  tinal  or  development  stage  of  reproduction;  and  it  will  not 
forget  that  working  capital  is  as  necessary  to  the  success  of  the  enter- 
prise as  other  capital  charges.  The  fulfilling  of  these  conditions  calls 
for  engineering  skill  and  experience  of  the  highest  class,  not  alone  in 
technical  fields,  but  also  in  the  broader  domains  of  administration, 
finance,  and  operation. 

A  phj'sical  valuation  thus  cndn-acing  every  item  of  cost  that  enters 
into  the  duplication  of  facilities  in  full  ruiniing  order,  equipped, 
manned,  and  trained  for  the  same  character  of  service  that  they  are 
now  performing,  may  be  said  to  include  many  of  the  intangible  ele- 
ments of  going  value  which  are  so  difficult,  if  not  impossible,  to  measure 
in  any  other  manner.  There  are,  however,  other  elements  of  value, 
such  as  traffic  productivity  and  operating  effectiveness,  that  cannot  be 
measured  in  this  manner,  and  tiierefore  are  beyond  the  scope  of  this 
palter. 

Whether  or  not  physical  depreciation  should  be  deducted  from  the 
cost  of  reproduction  ncv.-,  nuiy  be  said  to  depend  on  the  purpose  of  the 
valuation.  If  its  intent  is  the  a.scertainment  of  a  price  to  be  paid  by 
a  purchaser  to  whom  is  to  be  transferred  the  owner's  liability  as  regards 
future  renewals  and  replacements,  then,  beyond  question,  depreciation 
-liMnlil  be  deducted;  but,  if  the  amount  of  capital  invested  is  the  point 
at  issue,  depreciation,  being  an  element  of  operating  cost  and  not  a 
wastage  of  capital,  should  not  be  deducted. 
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E.  H.  Forbes,  EsQ.f  (by  letter).— To  those  who  know  the  Colorado  Mr. 
River,  and  who  in  a  measure  realize  its  eccentric  and  unmanageable  ^o''^®^- 
character,  Mr.  Corse's  account  of  control  work  in  the  Delta  is  rendered 
doubly  interesting  by  that  which  the  reader  may  find  between  the 
lines.  For,  in  proportion  as  the  work  was  difficult,  original  in  methods 
adopted,  and  spectacular  in  its  accomplishment,  Mr.  Cory's  account 
is  unassuming,  matter  of  fact,  and  quietly  scientific.  Of  the  errors 
made  by  various  agencies  that  in  some  way  touched  the  reclamation 
of  the  Delta,  he  is  most  uncritical. 

An  observer  of  events  along  the  Colorado  from  1905  to  1912  could 
not  but  be  impressed  by  the  efficiency  of  the  Southern  Pacific  Eail- 
road  organization,  with  its  ready  and  varied  resources,  its  personnel, 
and  its  esprit  de  corps,  in  dealing  with  the  situation.  Not  the  least 
factors  in  a  successful  outcome  were  the  democratic  and  friendly  rela- 
tions that  existed  between  Mr.  Epes  Eandolph,  ^Iv.  Cory,  and  others 
of  the  management,  and  the  motley  crew  of  Americans,  .Mexicans,  and 
Indians  whose  confidence  and  loyal  support  they  commanded  to  a 
remarkable  degree. 

Of  tlie  colossal  and  urgent  nature  of  the  task,  the  adverse  weather 
conditions,  the  experimental  character  of  the  work,  the  conflicting 
advice  received  from  influential  sources,  the  diplomatic  complications 
with  ]^lexico,  and  the  financial  entanglements  incident  to  tlie  under- 
taking, Mr.  Corj-'s  own  account  is  sufficient  evidence. 

♦Continued  £rom  April,  1913,  Proceedings. 

+  Director,  Agricultural  Experiment  Station.  Univ.  of  Arizona,  Tucson,  Ariz. 
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Mr.  Ill  Dr.  William  P.   Blake's  account  of  the  region,  written  shortly 

before  his  death,  he  relates  the  discovery  in  1853  of  San  Gorgouo  Pass, 
through  which  the  Southern  Pacific  Railroad  was  built  about  twenty- 
five  years  later,  and  describes  the  descent  of  his  party  into  the  old 
lake  bed,  below  the  level  of  the  sea. 

He  also  outlines  the  topography  and  geology  of  the  region,  describ- 
ing the  lacustrine  deposits,  the  fossils,  the  salt  beds,  the  mud  volcanoes, 
and  to  some  extent  the  vegetation  of  the  basin.  He  points  out  the 
manner  in  which  the  sediments  of  the  Colorado,  the  tides,  and  rising 
land  levels  finally  cut  off  a  portion  of  the  ancient  Gulf  of  California, 
and  describes  the  old  lake  Cahuilla  thus  formed,  with  its  beach  lines 
and  its  fluctuations  in  level  as  the  river  flowed  to  one  or  the  other  side 
of  its  delta.  He  even  relates  the  Indian  traditions  of  the  former  ex- 
istence of  this  lake. 

Most  interesting,  however,  are  Dr.  Blake's  quotations  from  his 
reports  to  the  War  Department  in  1855,  in  which  he  points  out  the 
fertility  of  the  soil,  and  the  possibility  of  irrigating  the  region  by  a 
canal  from  the  Colorado.  He  even  states  the  danger  of  overflow  through 
such  a  canal  and  the  refilling  of  the  ancient  lake.  The  following  words, 
(juoted  from  the  old  report,  have  prophetic  value: 

"From  the  preceding  facts  [relating  to  soils  and  vegetation]  it 
becomes  evident  that  the  alluvial  soil  of  the  Desert  is  capable  of  sus- 
taining a  vigorous  vegetation."  *  *  '■''  "If  a  supply  of  water  could 
be  obtained  for  irrigation,  it  is  probable  that  the  greater  part  of  the 
Desert  could  be  made  to  yield  crops  of  almost  any  kind.  During  the 
seasons  of  high  water,  or  the  overflows  of  the  Colorado,  there  Avould  be 
little  difiiculty  in  irrigating  large  areas  in  the  vicinity  of  ISTew  River 
and  the  lagoons.  By  deepening  the  channel  of  New  River,  or  cutting 
a  canal  so  low  that  the  water  of  the  Colorado  would  ^nter  at  all  seasons 
of  the  year,  a  constant  supply  could  be  furnished  to  the  interior  por- 
tions of  the  Desert.  It  is,  indeed,  a  serious  question  whether  a  canal 
would  not  cause  the  overflow  of  a  vast  surface  and  refill,  to  a  certain 
extent,  the  dry  valley  of  the  Ancient  Lake." 

Nothing  is  wanting  here  but  a  suggestion  for  the  control  of  the 
river,  as  detailed  in  Mr.  Cory's  paper. 

It  is  remarkable  that  a  man  in  his  early  twenties,  inexperienced  in 
irrigation,  and  traveling  for  the  first  time  through  desert  country, 
should  have  estimated  so  accurately  the  possibilities  and  liabilities 
of  Salton  Basin,  fifty  years  before  the  development  of  the  region.  It 
seems  that,  until  recently.  Professor  Blake's  was  not  only  the  first, 
but  the  clearest,  general  conception  of  conditions  in  the  Delta.  Others 
have  promoted  the  irrigation  of  the  Basin,  and  some  have  realized 
the  possibility  of  a  break-way;  but.  until  1905,  additions  to  knowl- 
edge of  the  region  were  mostly  supplementary  to  Professor  Blake's 
descriptions. 
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If  one  may  look  for  iisoful  sufifix'stions  in  this  connoction,  attention  ^  Mr. 
may  ho  called  to  the  necessity  for  a  co-ordinated  study,  by  the  proper 
agencies,  of  our  great  physical  problems,  such  as  the  utilization  of  a 
great  river,  and  the  proper  control  at  all  times  of  operations  affecting 
the  final  solution  of  such  a  problem.  The  "pork-barrel"  method  of 
handling  river  improvements  from  the  governmental  side,  is  admittedly 
desultory  and  wasteful;  and  it  is  to  be  feared  that  scientific  agencies 
engaged  in  the  study  of  these  same  problems,  a.s  a  rule,  are  not  well 
co-ordinated.  It  may  be  that  the  Colorado  has  drawn  attention  to 
these  facts,  with  corresponding  advantages  to  come.  The  Newlands 
River  Regulation  Bill,  now  before  Congress,  will  make  possible  a  com- 
prehensive study  and  development  of  the  Colorado  River  a.s  a  whole,  for 
storage,  power,  and  irrigation ;  and  the  Carnegie  Institution,  on  the 
purely  scientific  side,  is  soon  to  publish  a  collection  of  scientific  papers 
relating  to  the. Delta  region,  among  which  will  appear  Professor  Blake's 
complete  paper. 

R.  S.  Buck,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has  read    Mr. 
Mr.  Cory's  paper,  a.s  well  as  several  of  the  discussions  thereon,  with    "^^  ' 
great  interest,  but  is  forced  to  a  view  radically  different  from  that  of 
Mr.  Sellew  regarding  the  propriety  or  advisability  of  incorporating  in 
such  an  engineering  paper  so  much  collateral  matter  of  legal,  financial, 
and  (he  might  have  added)  political  character. 

Mr.  Sellew  says: 

''The  record  of  the  operations  incident  to  the  return  of  the  river 
to  its  former  channel  is  extremely  complete,  although  partly  obscured 
by  a  mass  of  legal  and  financial  entanglements  which  properly  have  no 
place  in  a  purely  engineering  article." 

While  it  may  have  necessarily  taken  a.  longer  time  in  the  relating 
than  the  casual  reader,  in  quest  of  purely  technical  knowledge,  may  have 
desired,  one  of  the  principal  features  of  interest  and  value  to  tlie 
writer  in  Mr.  Cory's  paper  is  the  graphic  portrayal  of  the  desperate 
M(|ds  which  engineering  talent  and  effort  are  often  forced  to  meet,  as 
I  result  of  long-range  financial  management,  clogging  legal  compli- 
-  at  ions,  and  the  blind,  selfish  play  of  the  political  game. 

Engineering  work  is  now  controlled  by  forces  far  beyond  the  laws 
of  physics,  and,  if  he  would  occupy  a  position  to  which  his  technical 
talents  properly  entitle  him,  the  engineer  must  learn  something  of 
these  forces. 

In  the  writer's  opinion,  Mr.  Cory  is  to  be  commended  rather  than 
criticised  for  devoting  so  much  attention  to  the  conditions  in  question, 
tor  he  has  certainly  thrown  light  on  some  dark  places,  and  has  shown 
how  vital  it  is  for  engineers  to  consider,  in  their  planning,  the  laws 
and  habits  of  men  and  money,  as  well  as  the  laws  of  Nature. 
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Mr.  The  Lower  Colorado  is  not  merely  a  problem  of  yesterday,  present- 

ing a  vague  general  moral.  It  is  a  vital  problem  of  to-day  and  to- 
morrow and  of  years  to  come.  It, will  probably  take  a  place  alongside 
the  Lower  Mississippi  River  as  another  engineering  problem,  dragging 
out  a  long,  weary,  and  costly  existence  as  a  result  of  Government 
incompetence  and  political  selfishness. 

Of  course,  Mr.  Cory's  paper  can  affect  but  little  the  thus  far 
meager  results  of  mighty  efforts  to  control  the  Colorado,  but  it  should 
have  a  marked  eifect  on  future  efforts,  if  a  reasonable  amount  of  intelli- 
gence is  to  direct  these  efforts. 

If  Mr.  Sellew's  apparent  views  were  shared  by  the  Publication 
Committee,  we  would  have  no  papers  such  as  those  on  water  laws  and 
valuation  of  public  utilities.  The  importance  of  these  and  similar 
collateral  subjects,  the  writer  feels,  is  growing  to  be  more  and  more 
appreciated  from  the  engineering  point  of  view. 
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THE  INFILTRATION  OF  GROUND- WATER 
INTO  SEWERS. 

Discussion.* 


I5y  Messrs.  E.  G.  Bradbury  and  Marshall  R.  Pugh. 


E.  G.  Bradbury,  ^f.  Am.  Soc.  C.  E.  (by  letter). — A  sewer  which  Mr. 
does  not  carrj^  a  much  larger  flow  during  heavy  rains  than  in  dry  ^'"^■'^^"'■y- 
weather  is  an  exception,  and,  as  the  maximum  flow  must  be  provided 
for  in  the  design,  it  is  important  that  information  regarding  leakage 
should  state  the  weather  conditions.  Probably  most  of  the  data  on 
systems  in  use  are  based  on  the  difference  between  the  storm  flow 
and  that  of  dry  periods.  There  is  danger,  however,  of  obtaining  mis- 
leading figures  from  observations  of  leakage  in  new  sewers,  or  in  sewers 
without  connections,  when  the  ground-water  is  comparatively  low,  for 
they  may  show  nothing  more  than  the  quantity  of  water  which  can 
make  its  way  through  the  soil  to  the  sewer.  This  should  be  borne  in 
mind  in  comparing  gaugings  of  leakage  in  the  same  sewer  at  different 
dates. 

Under  average  conditions,  few  sewers  are  built  which  fail  to  per- 
mit the  entrance  of  ground-water  as  fast  as  it  can  get  to  them,  except 
during  a  heavy  rain.  This  is  demonstrated  by  the  fact  that  water 
is  seldom  encountered  in  making  connections  to  public  sewers;  it  is 
also  shown  by  the  usual  great  increase  of  leakage  coincident  with  storm 
conditions. 

Tnloss  the  tightness  of  the  work,  rather  than  the  imperviousness 
lit'  die  soil,  is  the  controlling  factor  in  the  quantity  of  leakage,  the 
size  of  the  sewer  evidently  makes  no  difference.  As  this  is  seldom 
the  case,  it  is  not  strange  that  there  has  been  great  difficulty  in  estab- 
lishing any  relation  between  diameter  and  leakage. 

*  Contiuuefl  from  March,  1913.  Proceedings. 
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Mr.  Tlio  writer  has  become  conviiieefl,  much  against  his  will,  that,  in 

the  average  location,  with  the  ordinary  method  of  making  cement 
joints  in  pipe  sewers,  even  with  the  most  thorough  supervision  and 
caret'xil  inspection,  the  ground-water  level  immediately  along  the  line  of 
the  sewer  is  invariably  lowered  to  the  level  of  the  pipe,  sloping  upward 
from  it  at  a  gradient  depending  on  the  porosity  of  the  soil,  the  surface 
to[)ography,  and  other  conditions.  Under  these  circumstances,  the 
original  height  of  the  ground-water  enters  into  the  problem  of  leakage 
only  as  it  affects  the  flow  toward  the  sewer. 

It  is  seldom  possible  to  determine  without  great  effort  the  actual 
head  on  a  sewer  under  working  conditions.  The  writer  believes  that 
if  data  were  limited  to  observations  in  time  of  heavy  storm,  when  the 
tightness  of  the  sewer  is  really  put  to  test,  something  more  remotely 
suggestive  of  a  relation  between  size  and  leakage  than  has  yet  been 
produced,  might  result,  although  the  surreptitious  connection  of  roof 
drains,  the  inflow^  at  manholes,  and  other  possible  means  for  the  en- 
trance of  surface  water,  render  this  one  of  the  most  difficult  subjects 
on  which  to  obtain  reliable  information. 

In  the  consideration  of  disposal  plant  design,  it  is  necessary  to 
have  in  mind  both  the  ordinary  infiltration,  which  is  a  function  of  soil 
and  ground-water  conditions,  and  the  leakage  in  time  of  storm,  which 
is  governed  more  directly  by  the  tightness  of  the  construction.  The 
one  will  cause  a  continuous  flow,  usually  of  small  consequence,  and  the 
other  an  occasional  heavy  discharge  wdiich  may  overtax  the  capacity  of 
piping,  weirs,  etc.,  and  perhaps  derange  seriously  the  operation  of  tanks 
and  filters.  If  the  writer's  views  are  correct,  it  is  of  course  entirely 
fruitless  to  attempt  to  reduce  normal  infiltration  to  terms  of  diameter 
of  i>ipe;  but  it  should  be  possible,  as  already  suggested,  to  establish 
some  general  relation  which  would  be  of  value  in  estimating  the 
maximum  leakage  during  storm  periods. 

Mr.  Marshall  E.  Pugh,  M.  Am.  Soc.  C.  E.  (by  letter.) — The  informa- 

"^^'^  tion  contributed  as  a  result  of  this  timely  paper  is  most  interesting; 
and,  in  the  hope  that  it  may  give  the  author  material  which  will  be 
of  use  in  his  closing  discussion,  the  writer  submits  some  observations 
made  by  him  recently  at  Ocean  Grove,  N.  J.  South  of  Asbury  Park 
is  Neptune  Township,  the  eastern  part  of  which,  known  as  Ocean 
(irove,  is  owned  by  the  Camp  Meeting  Association.  West  of  this  are 
West  Grove  and  Bradley  Park,  the  greater  part  of  which  are  included 
in  what  is  known  as  "Sewer  District  No.  1."  About  a  year  after  the 
construction  of  the  sewerage  system,  the  writer  was  retained  to  design 
sewage  disposal  works.  The  infiltration  was  so  important  a  factor 
that  a  number  of  observations  were  made  in  the  effort  to  determine 
it,  and  though  the  results  are  discordant  in  one  or  two  particulars,  it 
is  thought  that  this  is  due  chiefly  to  the  impossibility  of  determining 
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at'c"ur;itfly  tlu'  scwiijiv  tli)\v  ;is  (li.stiuguislu'd   from  the  infiltration  flow,     Mr. 
other  than  i)v  an  estimate  based  on  the  houses  sewered;  there  is  also 
the  frreat  pmhahility  that-  one  portion  of  the  system  is  badly  blocked 
up  by  sand,  a.-^  will  be  noted  later. 

The  system  is  divided  into  two  parts,  joininfi'  at  a  pumi)ing  sta- 
tion, which  is  being-  supplanted  by  a  gravity  outfall  now  under  con- 
struetion.     The  lengths  and  sizes  of  the  sewers  are  shown   in  Table  8. 

TABLE  8. 


Item. 

Length  of 

north 

section, 

in  feet. 

Length  of 

south 

section, 

in  feet. 

Length  of 
entire 
system, 
in  feet. 

Remarks. 

12-in.  terra  cotta  sewer  . 

lOin.      

8  in.      

1525 

13  325 

2  30O 

17150 

36 

3  400 
1  000 

23  460 
5  140 

33  000 
78 

4  925 
1  000 

36  785 
7  440 

50150 
108 

System  built.  1909-1911. 
Pipe  in  3-ft.  lengths, 
with  cement  joints. 
Two   laterals   or  Y  '* 

Total  pipe 

every  50  ft.  Soil  wet, 
sandy  loam. 

Brick  manholes ...... 

It  will  be  noted  that  the  number  of  linear  feet  of  joint  in  the  total 
length  of  the  4,  10,  and  12-in.  pipes,  in  both  the  north  and  south 
sections  of  the  system,  corresponds  so  closely  to  the  number  of  linear 
feet  of  joint  in  an  equal  length  of  8-in.  pipe,  that,  for  all  practical 
purposes,  the  system  may  be  considered  as  consisting  of  the  following: 

Xorth  section 3.25  miles  of  8-in.  pipe. 

South   section f!.2.5       ''       "      "         " 

Entire  system !»..')()       "       "      "         " 

The  sewers  are  laid  in  a  soil  consisting  partly  of  sandy  loam  and 
partly  of  sandy  clay,  or  clayey  sand,  underlaid  by  gravel,  and  at  times 
there  may  be  a  head  of  from  3  to  5  ft.  of  water  on  the  pipes  at  the 
lower  end  of  the  system,  and  from  1  to  2  ft.  at  the  upper  end.  The 
pil)es  are  in  3-ft.  lengths,  with  the  ordinary  cement  joint,  and  have 
a  slant  or  lateral  on  each  side  about  every  50  ft.  They  were  probably 
laid  with  only  very  ordinary  care,  and  about  76  of  the  manholes  were 
not  brought  (juite  uj)  to  street  grade,  being  from  4  to  12  in.  too  low, 
and  9  of  them  still  have  temporary  wooden  covers.  Some  of  the 
manholes  were  very  leaky,  and  two  of  them  had  powerful  jets  of  water 
shooting  through  the  sides. 

As  nearly  as  could  be  a.scertained,  the  infiltration  at  times  was 
api»roximately  900  000  gal.  per  day,  and  the  house  sewage,  with  the 
few  connections  as  yet  made  to  the  .system,  amounts  to  about  50  000 
gal.  per  day,  divided  fairly  etiually  between  the  two  sections.  A  sewage 
ejector  which  was  placed  at  the  pumping  station  has  been  discontin- 
ued,   and,   during-  coustruc-tion.   a    temporary    jiumping  plant   has   been 
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Mr.    erected.    From  the  records  of  this  plant  the  following  details  have  been 
^^^^-  obtained.     The  rainfall  data  are  given  in  Table  9,  and  show  what  an 
all-important  factor  is  the  precipitation. 

TABLE  9. — Monthly  Averages  of  Precipitation. 


Month. 
1912. 


April 

May 

June 

July 

August 

September 

October 

November. 
December. 


Total, 
in  inches. 


4.41 
6.47 
1.12 
4.33 
3.04 
3.46 
6.95 
3.83 
5.49 


Greatest  in 
24  hours, 
in  inches. 


1.06 
3.21 
0.70 
2.53 
1.46 
1.42 
3.12 
2.27 
1.94 


Total  snow 
fall  unmelt- 
ed,  in  inches. 


11.2 


Table  10  shows  the  infiltration  in  the  entire  system,  in  a  dry  time, 
before  any  attempt  had  been  made  to  diminish  the  ground-water  flow 
into  the  pipes. 

TABLE  10. — Infiltration  in  Entire  System  Before  Repairs, 
AND  IN  A  Dry  Period. 


Infiltration, 

Approxi- 

Infiltration, 

in  gallons 

Precipita- 

Hours of 

Gallons 

mate 

in  gallons 

per  day  per 

Date. 

tion,  in 

pumped 

infiltration. 

per  day  per 

inch  diam- 

inches. 

per  day. 

in  gallons 
per  day. 

mile  of 
sewer. 

eter  of  pipe 
per  mile  of 

1912. 

sewer. 

July   20 

7 

112  000 

62  000 

6  526 

816 

21 

1.21 

8.30 

136  000 

86  000 

9  052 

1  131 

32 

IT 

272  000 

222  000 

23  368 

2  921 

28 

14.40 

235  000 

185  000 

19  473 

3  484 

34 

10.80 

168  000 

118  000 

12  421 

1  552 

25 

7 

112  000 

63  000 

6  526 

816 

26 

8 

128  000 

78  000 

8  210 

1038 

27 

8.30 

136  000 

86  000 

9  052 

1  131 

28 

0.05 

8.80 

136  000 

86  000 

9  052 

1  131 

29 

0.01 

8 

128  000 

78  000 

8  210 

1038 

30 

8 

128  000 

78  000 

8  210 

1038 

31 

Trace. 

8.15 

133  000 

82  000 

8  632 

1079 

Table  11  shows  the  results  after  the  tops  of  76  manholes  had  been 
raised,  and  the  leaky  ones  had  been  made  tight. 

At  the  time  the  repairs  were  made,  the"  south  section  was  dis- 
connected, and  Table  12  gives  the  infiltration  in  the  north  section  alone. 

The  much  higher  infiltration  per  mile  in  the  north  section  may 
be  due  to  the  fact  that  a  large  part  of  the  south  section  is  in  territory 
which  is  not  built  up,  and  there  is  reason  to  believe  that  a  great  many 
stoppages  are  caused  by  sand  which  is  washed  in  at  the  manholes  (the 
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tops  of  50  being-  beluw  the  gvadv  of  the  streets),  thus  blocking  oflF  the    Mr 

Pugh. 
escape  of  the  ground-water  through  the  sewers. 

Then,  too,  the  outlet  of  the  north  section  is  about  2  ft.  lower  than 
that  of  the  south  section,  and  is  under  a  greater  head  of  water.  A  part 
of  the  north  section,  also,  runs  through  fillod-in  land  which  was  for- 
merly a  swamp. 

TABLE  11. — Infiltration  in  Entire  System  After  Repairs, 
,   ."  AND  IN  A  Dry  Period. 


It  will  be  noted  that  the  infiltration  shown  in  Table  12  was  for  a 
somewhat  drier  time  than  that  in  Table  11. 


TABLE   12. — Infiltration  in   North   Section  After  Repairs, 
AND  IN  A  Dry  Period. 


Date. 
1912. 


Oct.  8 
9 
10 

11 

i3 
13 
14 
15 


Precipita- 


0.76 
0.01 


Hours  of 


Gallons 
pumped. 


Approxi- 
mate 
infiltration, 
in  gallons 
per  day. 


4.45 

4.40 

4.45 

5.0 

4.40 

4.30 

4.40 

4.46 


72  000 
74  600 

72  000 

80  000 
74  fiOO 

73  300 

74  000 
72  000 


47  000 
49  6()0 

47  000 
55  000 
49  600 

48  300 

49  600 
47  000 


Infiltration, 

in  gallons 

per  day  per 

mile  of 

sewer. 


14  461 

15  261 

14  461 
10  930 

15  261 

14  861 

15  261 
14  461 


Infiltration, 
in  gallons 
per  day  per 
inch  diam- 
eter of  pipe 
per  mile  of 
sewer. 


1808 
1907 
1  808 
2116 
1907 
1867 
1907 
1808 


It  is  obvious  that  there  cannot  be  more  infiltration  in  the  north 
section  than  in  the  entire  system;  which  shows  that  the  estimated 
sewage  flow  is  open  to  suspicion,  and,  in  all  likelihood,  is  not  properly 
proportioned  between  the  two  sections.     The  fact  that  the  total  pump- 
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Mr. 
Pugh. 


July    •20  212223  24  26  26  27  28  29  30  31 


Infiltration,  in  Gallons  per  Day 
Per  Mile  of  Sewer. 


Infiltration,  in  Gallons  per  Day 
Per  Inch  Diameter  of  Pipe 
Per  Mile  of  Sewer. 

Precipitation,  in  Inches. 


■2 
11/, 


Jk 


Oct.      8    9  10  111213  14  15 


Dec.  IS   10  17  18192021  22  232425  20  27  28  29  3031 


Fig.  2. 
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apo  only  fell  olV  fioin  !I4  TOO  to  72  OOO  whoii  two-tliirtls  of  the  system  Mr. 
was  t'ur  out,  sliowoil.  however,  the  general  eorreetness  of  the  higher  "^ 
intiltrntion  figure.s  in  the  nortli  seetion. 

The  latter  part  of  October  was  wet,  and  the  flows  shown  in  Table  l."3 
(•l(>arly  demonstrate  tlie  effeet  of  tlie  rise  in  the  ground-water  in 
winter. 

TABLE  13. — l.NFii.TUATioN  IN  XouTii  Section  After  Eepairs. 
Winter  Conditions. 


Infiltration, 

Date. 

Precipitation, 

Hours 

of 

pumping. 

Gallons 

Approximate 
infiltration, 

Infiltration, 
in  gallons 

per  day 

per  mile  of 

sewer. 

in  gallons 
per  day 
per  inch 

in 
inches. 

pumped. 

in  gallons 
per  day. 

diameter  of 
pipe  per 
mile  of 

1912. 

sewer. 

Dec.  16... 

6.30 

104  000 

79aiO 

24  308 

3  038 

"    16... 

11. 

176  000 

151  000 

46  461 

5  808 

"    17... 

8.10 

130  600 

105  600 

32  492 

4  061 

"    18... 

6.'26 

9. 

144  000 

119  000 

36  615 

4  577 

"    19... 

0.57 

7.30 

120  000 

95  000 

29  230 

3  654 

"    20... 

12.25 

198  600 

173  600 

53  414 

6  676 

"    21... 

9.30 

152  000 

127  000 

39  077 

4  700 

'•    22... 

9.30 

152  000 

127  000 

39  077 

4  760 

"    23... 

8. 

128  000 

103  000 

31  600 

3  950 

"    24... 

6. 86 

8.40 

138  600 

113  600 

34  900 

4  362 

•'    25... 

8.45 

140  000 

115  000 

35  300 

4  412 

"    26... 

Ti-ace. 

9.25 

150  600 

125  600 

38  600 

4  825 

"    27... 

1.05 

11.35 

185  300 

160  300 

49  300 

6  162 

'■    28... 

11. 

176  000 

151000 

46  400 

5800 

"    29... 

11.05 

177  300 

152  300 

46  800 

5  850 

'•    30... 

i!94 

22. 

352  COO 

327  000 

100  615 

12  577 

"    31... 

16. 

25t)  000 

201  000 

61800 

7  725 

At  fir.st  sight  it  appears  strange  that  the  0.86  in.  of  precipitation 
on  December  24th  did  not  show  in  the  sewer  flow,  but  it  is  easily 
accounted  for,  as  it  consisted  of  a  10-in.  fall  of  snow,  on  frozen  ground, 
followed  on  the  2Tth  by  a  cold  rain,  which  increa.sed  the  flow  somewhat. 
On  the  29th  there  was  a  tlunv,  and  a  hea\'y  downpour  on  the  30th, 
the  result  being  at  once  visible.  The  cause  of  the  increase  on  Decem- 
ber 16th  is  difficult  to  explain. 

Fig.  2  shows  graphically  the  preci{)itati<)n,  and  the  infiltration,  in 
fiallons  jier  day  per  mile  of  sewer,  and  in  gallons  {)er  day  per  incli  of 
diameter  of  pipe  per  mile  of  sewer. 

These  units  appeal  to  the  writer  as  the  most  convenient  and  satis- 
factory for  general  use,  although  the  latter  is  open  to  the  .serious 
objection  that  manholes,  slants,  and  laterals  are  frequently  as  numer- 
ous on  the  smaller  sewers  as  on  the  larger  ones,  and  they  undoubtedly 
are  responsible  for  much  leakage. 
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A    SUGGESTED    IMPROVEMENT    IN    BUILDING 

WATEK-r.OT  NT)  MA(V\DAM  ROADS. 

Discussion.* 


By  Messrs.  Arthur  H.  Blanchard  and  J.  L.  Meem.! 


AiiTiiiR  H.  Blanchard,  M.  Am.  Soc.  C.  E. — Two  properties  of  Mr. 
wearing  surfaces  which  require  consideration  in  the  design  of  pave-  ^^^  ^^  ' 
inents  are  stability  and  density.  The  requisite  degree  of  stability  and 
tlensity  depends  in  part  on  the  conditions  to  which  the  road  or  pave- 
ment is  to  be  subjected.  The  author  has  outlined  a  method  for  se- 
curing a  certain  degree  of  stability  and  density  in  the  construction 
of  the  so-called  water-bound  macadam  road. 

The  efficacy  of  the  proposed  method  depends  primarily  on  the  traffic 
to  which  the  road  is  to  be  subjected.  If  the  traffic  consists  of  horse- 
drawn  vehicles  not  exceeding  a  certain  number  per  day,  the  use  of 
the  type  of  construction  advocated  should  result  in  a  serviceable  road. 
If,  however,  many  high-speed  motor  cars  use  the  highway  thus  built, 
the  surface  will  disintegrate  rapidly,  as  is  the  case  Avith  macadam 
roads  built  with  a  wearing  surface  of  so-called  crusher-run  stone 
(passing  over  a  ^-in.  screen  and  through  a  1^-in.  screen),  the  surface 
of  which  is  finished  with  a  light  coat  of  screenings,  well  rolled  and 
watered.  The  diflFerence  between  the  former  and  the  latter  is  in  the 
arrangement  of  the  aggregate,  rather  than  in  its  composition,  as  is 
seen  by  a  consideration  of  the  following  mechanical  analysis  of  the 
wearing  surface  of  the  latter  type. 

Broken  stone  passing     J-in.  screen 1.0  per  cent. 

i    "         "      2.5     " 

"  "  i    "         "      30.8     " 

"    •       3    '•         "      34.2     " 

1      "         "      23.4     " 

u  a  a  1  1     «  «  Q  -|       «  li 

*  Continued  from  April,  1913,  Proceedings. 
t  Author's  closure. 
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Mr.  The  analysis  of  the  author's  wearing  surface  of  2  in.  would  like- 

Wise  show  certain  percentages  passing  screens  from  i  m.  to  11  m.  in 
both  cases,  stone  from  ^  in.  to  1^  in.  in  diameter  will  usually  consti- 
tute a  large  percentage  of  the  top  inch  of  the  surface. 

The  speaker's  investigations  and  practice  have  led  to  the  conclu- 
sion that  the  most  satisfactory  type  of  macadam  road  to  withstand 
high-speed  motor-car  traffic  is  one  having  a  surface  of  broken  stone, 
varying  from  1  in.  to  2-2  in.  in  longest  dimensions,  which  stone  has 
been  thoroughly  rolled  and  puddled.  The  success  attendant  on  the 
use  of  bituminous  surfaces  on  macadam  roads  in  England  and  France 
is  due  in  pa.rt  to  the  adoption  of  this  type  of  construction.  Not  only 
does  the  use  of  the  large  broken  stone  in  the  surface  give  stability 
to  its  component  integral  parts,  but  it  simplifies  one  essential  detail 
of  the  construction  of  bituminous  surfaces  on  macadam  roads,  namely, 
the  cleaning  of  the  macadam  surface. 

With  the  addition  of  bituminous  cement,  the  status  of  the  pave- 
ment, as  one  adaptable  for  use  on  highways  subjected  to  motor-car 
traffic,  is  changed.  The  method  of  construction  in  which  several 
courses  of  varying  sizes  of  stone  are  used  formed  the  basis  of  many 
of  the  patents  covering  the  construction  of  bituminous  concrete  pave- 
ments granted  by  the  United  States  Government  during  the  period 
from  1869  to  1873.  Bituminous  concrete  pavements  of  this  type 
have  given  excellent  results,  in  the  United  States  and  also  abroad. 
At  present,  several  foreign  companies,  particularly  in  England,  are 
using  this  method  of  construction.  The  work  of  three  of  these  com- 
panies is  referred  to  in  the  following  descriptions : 

The  Quarrite-Bitulithic  Company  of  London  imports  from  its 
Scotland  plant  bituminous-coated  broken  stone  of  various  sizes  for 
the  construction  of  bituminous  concrete  pavements  by  the  layer 
method.  The  sizes  used  for  the  courses  are  as  follows :  first  course, 
2  in.  of  1-in.  to  l|-in.  stone,  rolled,  with  a  scattering  of  ^  to  i-in. 
chips;  second  course,  1  in.  of  stone,  varying  from  I  to  |  in.  in 
longest  dimensions,  rolled;  third  course,  a  thin  layer  of  tar-coated 
screenings,  thoroughly  rolled. 

The  Tarmac  Company  of  London  for  many  years  has  been  mixing 
broken  slag  of  various  sizes  with  bituminous  cement  at  its  plant  in 
Wolverhampton,  and  shipping  from  there  to  various  points  in  England. 
The  construction  of  one  pavement  of  this  type  which  came  under  the 
speaker's  observation  is  as  follows :  This  road  was  the  main  shore 
boulevard  at  Brighton-on-Sea,  on  the  south  coast  of  England.  On 
a  well-compacted  gravel  foundation  was  '  spread  a  scattering  of 
bituminous-coated  chips;  the  bottom  layer,  composed  of  3^  in.  (loose) 
of  1^  to  2^-in.  slag,  was  then  rolled ;  the  second  course,  consisting  of 
21  in.  (loose)  of  J-in.  to  Ll-in.  slag,  was  next  thoroughly  compacted;  the 
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tlioroujrlil.v  rolleii;  the  pavement  was  tinished  by  rolling  in  a  top 
dressiiifi-  of  iineoated  slag  screenings.  It  may  be  of  interest  to  note 
that  a  .section  on  Madeira  Drive,  at  this  famous  shore  resort,  was 
constructed  in  this  manner  in  1903.  Its  condition  in  1910  was  ex- 
cellent, and  an  adjoining  section  of  water-bound  macadam,  which  was 
treated  annually  with  an  api)lication  of  tar.  rapidly  disintegrated  before 
the  close  of  each  season. 

As  an  illustration  of  the  jtractice  in  Germany,  the  work  of  the 
Deutsche  Quarrite  and  Bitulithic-Pflaster-Gesellschaft  of  Berlin  may 
be  cited.  In  1910  this  company  built  a  bituminous  concrete  pavement 
in  Lankwitz,  Germany,  in  accordance  with  the  following  method:  On 
a  5-in.  macadam  cinder-filled  foundation,  the  first  course,  consisting 
of  4  in.  (loose)  of  li-in.  stone,  was  spread  and  rolled;  a  thin  coat  of 
tarred  chips  was  next  spread  and  rolled;  the  second  course  consisted 
of  1  in.  of  |-in.  stone,  well  rolled;  the  final  course  was  ^  in.  of  tarred 
chips,  also  thoroughly  rolled;  the  pavement  was  finished  with  a  flush 
coat  of  tar,  on  top  of  which  was  spread  uncoated  screenings. 

That  the  layer  method  of  constructing  bituminous  concrete  pave- 
ments in  England  is  not  of  recent  date  is  shown  by  the  following  de- 
scription published  in  1898: 

''The  hot  stone,  when  ready  for  mixing,  is  screened  into  material 
of  three  sizes,  1  to  2-in.  for  the  body,  ^  to  1-in.  for  the  intermediate 
coat,  and  I  to  i-in.  for  the  top  dressing.  The  coarsest  material  is  used 
in  a  layer  from  3  to  4  in.  thick,  the  intermediate  size  forms  a  coat 
of  about  I  in.,  and  the  top  dressing  is  used  in  the  thinnest  layer  possi- 
ble, with  a  view  to  filling  all  interstices.  Afterward  a  dressing  of  i-in. 
and  smaller  granite  screenings  is  scattered  broadcast,  and  the  traffic 
is  at  once  allowed  on  the  road  to  work  this  top  dressing  into  the 
tarred  material.  Each  of  the  layers  is  rolled  separately  with  a  10-ton 
roller.'" 

In  conclusion,  the  opinion  is  expressed  that,  provided  a  bituminous 
cement  is  mixed  with  the  stone  for  the  second 'and  third  courses,  the 
iKse  of  the  principles  of  construction  embodied  in  this  interesting  paper 
will  produce  a  i)avement  which,  under  conditions  for  which  it  is 
suitable,  will  be  economical  in  construction  and  maintenance. 

J.  L.  Mkkm,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  reply  to  m, 
^fr.  Frink  the  writer  wishes  to  state  that  his  method  deals  primarily 
with  the  manner  of  placing  the  different  grades  of  stone,  assuming  that 
the  sub-grade  is  in  jjroper  condition  to  receive  them.  He  agrees  with 
Mr.  Frink  that  the  preparation  of  the  sub-grade,  drainage,  etc.,  are 
in-ime  factors  in  the  life  of  the  road,  but  these  are  conditions  to  be  con- 
trolled locally  by  the  engineer  in  charge. 

The  writer  is  pleased  to  note  that  Mr.  Sweetser  has  tried  and 
obtained  good  results  by  this  method  of  separating  the  dust  from  the 
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jir.  screenings  and  applying  them  in  separate  layers.  Mr.  Sweetser  says, 
j.L.Meem.  j^  reference  to  building  a  road  which  will  be  affected  less  by  automo- 
bile traffic:  "Why  not  construct  at  once,  so  that  it  will  not  be  affected 
at  all?"  The  writer  is  not  a  champion  of  "water-bound  macadam" 
roads,  and  realizes  that  it  is  the  least  durable  form  of  stone  pavement; 
but,  as  it  is  the  generally  accepted  form  of  highway  improvement, 
as  adopted  by  the  various  counties,  due  to  low  first  cost,  he  believes 
that  any  improvement  in  this  method  of  construction  without  addi- 
tional cost  will  be  welcomed. 

The  writer  feels  that.  Mr.  Crosby's  failure  to  obtain  good  results 
by  this  method  of  proportioning  the  rock  was  due  to  the  fact  that  he 
allowed  a  portion  of  the  chips  (^  to  ^  in.  in  size)  to  be  taken  for  other 
purposes,  thereby  failing  to  fill  the  voids  in  the  No.  2  stone.  A  sec- 
tion of  roadway  built  with  the  foregoing  proportions  of  rock  shows 
practically  a  solid  mass. 

Mr.  J.  C.  Meem's  suggestion,  that  a  frequent  sprinl^ling  or  applica- 
tion of  oil  as  a  dust  preventive  would  prolong  the  life  of  the  road,  is  a 
good  one.  This  would  be  of  great  benefit,  especially  during  long  dry 
periods,  but  having  done  this,  we  have  departed  from  the  true  water- 
bound  macadam,  and  Mr.  Sweetser's  query  "Why  not  construct  a  per- 
manent road?"  presents  itself. 

Mr.  Blanchard's  interesting  discussion  applies  to  bituminous  maca- 
dam rather  than  to  water-bound  macadam,  as  set  forth  in  the  paper. 

The  writer  is  pleased  to  have  obtained  the  views  of  others  on  this 
simple  little  change  in  an  accepted  specification,  and  hopes  it  will 
at  least  have  the  effect  of  causing  others  to  try  the  change. 
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George  S.  Binckley,  M.  Am.  Soc.  C.  E.  (by  letter). — In  providing  Mr. 
a  stimulating  center  of  discussion,  Mr.  Hiroi's  brief  paper  on  long-time  ^^^^  ^^' 
tests  of  cement  is  particularly  valuable.  Such  data  as  those  he  presents 
are  certainly  of  high  importance,  and  the  curves  given  by  Mr.  Davis,t 
Figs.  4  and  5,  are  still  more  suggestive,  especially  in  consideration  of 
tlio  conditions  under  which  these  really  startling  results  have  been 
obtained. 

These  two  sets  of  curv^es  present  such  a  striking  contrast  between 
tlie  American  and  foreign  cements  as  to  call  for  more  than  passing 
comment.  They  are  of  peculiar  interest  to  the  writer  in  tending  to 
strengthen  a  growing  suspicion  that  American  cements  lack  the  in- 
herent soundness  found  in  the  best  of  those  of  foreign  manufacture. 

Some  years  ago,  the  writer  had  occasion  to  make  a  comparison 
between  one  of  the  best-known  of  the  English  Portland  cements  and  a 
cement  made  in  Western  Canada,  and  in  the  course  of  these  tests  some 
verj'  curious  and  suggestive  results  were  obtained.  So  striking  were 
some  of  these  that  the  writer  used  them  as  the  basis  for  a  brief 
article  published  soon  afterward.:}:  In  few  words,  these  particular 
tests  had  to  do  with  the  qualities  of  the  coarser  particles  in  Portland 
cement — those  passing  the  100-mesh  and  remaining  on  the  200-mesh 
screen. 

In  the  cements  examined,  this  material,  contrary  to  the  commonly 
accepted  idea,  showed  very  considerable  hydraulic  properties;  in  fact, 
briquettes  gave  a  tensile  strength  at  7  days  of  126  lb.  for  the 
Canadian,    and    220   lb.   for   the   English   briquettes;    at   28    days    the 

*  Continued  from  March.  1913,  Proceedings. 
t  ProceediiKjs,  Am.  Soc.  C.  K..  for  March,  19i:i 
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R-'^'ki  fig'ures  were  215  lb.  for  the  Canadian  and  353  lb.  for  the  English 
briquettes.  Mr.  Spackman,  of  Philadelphia,  has  suggested  to  the  writer 
that  part  of  this  effect  was  due  to  fine  particles  adhering  to  the  coarser 
ones,  yet  he  admits  a  certain  hydraulicity  in  at  least  the  superficial  part 
of  the  coarse  particles  themselves. 

Both  these  cements  ]iassed  the  standard  tests  successfully,  the  gain  in 
strength  between  7  and  28  days  being  90  lb.  in  each.  Both  cements, 
neat,  stood  the  accelerated  tests  successfully;  and  the  Canadian  cement 
showed  a  greater  strength  than  the  English  at  both  7  and  28  days. 

When  the  briquettes  or  pats  made  from  this  intermediate  material — 
that  passing  the  100-mesh  and  remaining  on  the  200-mesh  screen — 
were  subjected  to  the  steam  test  under  atmospheric  pressure,  however, 
the  difference  in  results  was  startling.  The  accompanying  photographs 
of  these  test  pats  and  briquettes  (Figs.  7  and  8)  make  this  very  clear. 
The  English  pat  and  broken  briquette  remained  perfectly  hard  and 
sound,  and  those  made  from  the  intermediate  material  of  the  Canadian 
cement  quickly  broke  down.  To  (luote  from  the  a.rticle  previously 
referred  to : 

"Standard  boiling  pats  were  prepared  and  placed  on  the  same  glass 
plate  to  secure  perfect  identity  of  conditions.  On  account  of  the 
crumbling  (noted  above)  of  the  edges  of  the  briquettes  made  from  the 
intermediate  material  screened  out  of  the  Canadian  cement,  these 
boiling  pats  were  kept  in  moist  air  60  hours  before  boiling  to  insure  a 
perfectly  fair  test. 

"The  two  pats  representing  the  two  cements  investigated  were  then 
placed  in  cold  water,  which  was  raised  to  the  boiling  point.  Boiling 
was  continued  for  2^  hours,  at  the  end  of  which  time  the  condition  of 
the  two  pats  may  be  seen  by  reference  to  the  accompanying  photograph. 
That  pat  made  from  the  intermediate  material  of  the  English  cement 
showed  no  deterioration  whatever,  adhered  tightly  to  the  glass,  and  was 
free  from  any  sign  of  cracking.  It  in  every  respect  indicated  perfect 
soundness.  The  other  pat,  made  from  intermediate  material  screened 
out  of  the  sample  of  Canadian  cement,  showed  the  first  sign  of  breaking 
down  45  minutes  after  being  placed  in  the  water,  and  its  integrity 
was  completely  destroyed  in  two  hours  and  a  half.  Its  condition  is 
most  graphically  shown  in  the  accompanying  photograph,  in  which  it 
is  seen  that  it  is  cracked  and  disintegrated  to  such  an  extent  that  its 
interior  is  in  a  granular  or  sandy  condition. 

"These  results  were  so  striking  that  a  further  boiling  experiment 
was  made  on  half  of  one  of  the  briqTiettes,  the  28-day  [Canadian] 
specimen  showing  a  tensile  strength  of  215  lb.  per  square  inch.  *  *  * 
This  briquette  was  boiled  when  it  was  38  days  old.  Yet  in  spite  of  its 
comparatively  high  strength  and  thorough  seasoning  in  and  out  of 
water,  it  broke  down  completely  after  about  five  hou.rs'  boiling,  as 
shown  in  the  photograph. 

"This  complete  failure  was  a  surprise,  as  there  had  been  no  visible 
sign  of  deterioration  before  boiling;  yet  but  a  short  time  after  the 
water  had  reached  the  boiling  point  the  first  sign  of  distress  appeared." 
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Fig.   7. — "Pats   of    Intermediate    Material    After    Boiling. 


Fig.   8. — "Briquette   of   Intermediate   Material." 
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The  writor  considered  those  results  liij;lily  suggestive.  Here  are  Mr. 
two  cements,  each  apparently  conforming  to  the  standard  tests  for  '"*^  ^^ 
soundness;  yet.  wIumi  one  is  subjected  to  the  writer's  test,  it  is  seen 
to  contain  an  fU'nu'ut  df  weakness,  and  the  other  remains  sound.  The 
Canadian  cement  seems  to  contain  about  20%  by  weight  of  a  material 
inherently  mischievous,  but  i)rotected  in  such  a  way,  under  the  standard 
tists,  as  to  remain  undiscovered.  In  other  words,  this  Canadian 
cement — and  probably  a  great  many  American  cements  also — contains 
in  its  coarser  particles  an  element  of  weakness  which  evades  discovery 
under  the  standard  tests,  but  may  reasonably  be  expected  to  reveal 
itscdf  as  the  years  i)ass.  This  is  strikingly  indicated  in  Mr.  Davis' 
<Mirves.  and,  in  the  case  of  neat  cements,  in  the  curves  presented  by 
Mr.  HoniK^ss  (Fig.  6)*  and  also,  to  a  less  striking  yet  notable  degree, 
in    Mr.    Iliroi's  paper. 

Though  it  would  hardly  be  proper  to  consider  the  characteristics 
of  American  cements  as  indicated  by  these  data  as  a  cause  of  actual 
alann,  they  can  hardly  be  considered  satisfactory.  Even  qualified  and 
at  least  partly  compensated  by  the  better  showing  made  by  the  sand 
l)riquettes,  Mr.  Davis  shows  curves  representing  an  average  of  eight 
brands  of  American  cement  that  lead  one  to  wonder  where  the  rapid 
drop  in  strength  will  stop,  if  at  all.  It  must  be  remembered,  also, 
that  those  eight  brands  probably  represent  the  best  cements  obtainable 
for  the  works  considered,  as  it  is  incredible  that  inferior  or  suspected 
'  cments  would  be  placed  under  a  long-time  test  and  allowed  to  drag 
tliiwn  a  good  average.  The  curve  Mr.  Davis  gives  for  a  single  brand 
in  1  :  o  sand  briquettes  is  rather  ai)palling,  for  it  has  lost  50%  in 
4  years,  and  is  still  falling  off. 

The  engineer  cannot  afford  to  contemplate  with  composure  the  pos- 
sibility of  a  progressive  deterioration  of  a  supposedly  permanent  ma- 
terial of  such  importance.  If  cement  is  to  fall  under  the  head  of 
materials  subject  to  deterioration,  the  sooner  we  know  it  the  better, 
tn  the  end  that  its  life  may  be  calculated,  replacements  provided  for, 
and  means  taken  to  prevent  disastrous  failures.  If,  on  the  other 
hand,  we  are  to  have  a  dependable  material  for  all  the  ages,  which, 
built  into  our  structures  will  actually — as  su  confidently  assumed — 
inipro\e  in  strength  with  the  years,  defects  must  be  sought  out,  and 
faulty  material  must  be  rejected  without  mercy.  In  the  article  pre- 
viously referred  to,  the  writer  suggested  the  advisability  of  applying 
the  test  described  as  a  ready  means  for  the  detection  of  inherent  weak- 
ness in  a  cement  passing  the  standard  tests.  Since  that  time,  a  still 
more  drastic  test — the  autoclave  test — has  been  advocated,  but  this 
n  (|uires  sjiecial  and  rather  costly  apparatus,  and  is  so  drastic  that 
11  si^ems  probable  that  few  American  cements  would  succeed  in  passing 


*  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1918. 


1152       DISCUSSION  ox  LONG-TIME  TESTS  OF  PORTLAND  CEMENT    [Papers, 

Mr.  it.     Yet  the  writer  believes  that  the  time  will  come  very  soon  when 

engineers  will  find  it  prudent  or  even  imperative  to  subject  the  cement 
required  for  works  of  importance  to  far  more  searching  tests  than 
those  now  in  use;  and  if  the  cement  manufacturers  find  it  difficult 
or  even  impossible  to  supply  cement  of  the  required  integrity  under 
their  present  methods  of  manufacture,  they  will  simply  have  to  im- 
prove their  methods.  As  soon  as  the  certainty  of  eventual  weakness 
in  concrete  made  with  any  particular  class  of  cement  is  established,  or 
even  a  strong  suspicion  of  concrete  as  a  permanent  material  is  aroused, 
some  very  strict  requirements  will  have  to  be  met  by  the  cement 
manufacturers. 

In  the  meantime,  the  writer  suggests — even  urges  in  cases  of  im- 
portance— the  application  of  the  tensile  and  steam  tests  to  that  part 
of  the  material  passing  the  100-mesh  and  remaining  on  the  200-mesh 
screen.  This  material  should  be  made  into  standard  boiling  pats  and 
briquettes,  and  carefully  observed.  Everything  else  being  apparently 
equal,  as  between  rival  cements,  this  test  will  certainly  give  a  definite 
indication  of  relative  soundness  that  shoidd  fix  one  as  superior. 
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Ih   Messrs.  O.  E.  Hovey  and  Lewis  D.  Eights. 


O.  E.  Hovey,  M.  Am.  Soc.  C.  E. — The  speaker  has  been  much  Mr. 
interested  in  this  concise  and  well  illustrated  paper ;  and,  though  there  ^''^^y- 
are  many  interesting  details  in  the  draw-bridge  superstructure  which 
might  be  mentioned  if  any  extended  discussion  of  it  was  undertaken, 
only  a  few  points  which  were  of  particular  interest  to  him  during  the 
design  of  the  draw  span,  early  in  1907,  will  be  mentioned.  The  Dum- 
barton draw  span  was  one  of  the  heaviest  center-bearing  spans  which 
had  come  to  the  speaker's  notice  at  the  time  the  design  was  made.  The 
center-bearing  type  of  draw  was  considered  to  be  particularly  desirable 
in  this  location  on  account  of  the  difficulty  in  securing  foundations,  the 
simpler  details  of  the  center,  the  rigidity  of  the  bridge  under  traffic 
after  the  wedg(»s  at  its  ends  and  center  were  driven  home,  and  the 
ease  with  which  final  adjustments  of  height  of  center  and  end  sup- 
ports could  be  made  during  construction  in  case  there  was  any 
settlement  of  the  piers.  The  center  bearing  of  this  bridge  was  de- 
signed for  a  total  load  of  about  2  600  000  lb.  Grillages  of  I-beams 
were  embedded  in  the  concrete  of  the  end  and  center  piers,  under 
the  end  and  center  wedge  supports  and  the  center  pivot.  The 
center  pivot  casting  rested  directly  on  the  top  of  the  center  grillage, 
and  the  disks  at  the  top  of  this  casting  consisted  of  two  steel  plano- 
concave and  one  phosphor-bronze  double  convex  disks,  3G  in.  in  diame- 
ter. These  disks  were  the  largest  with  which  the  speaker  was  familiar 
at  the  time  the  design  was  made,  although  much  larger  ones  have 
been  used  more  recently  in  the  manufacture  of  draw  bridges,  the 
largest  with  which  the  speaker  is  familiar  being  those  supporting  the 
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Mr.  Southern  Pacific  draw  span  over  the  Sacramento  River,  at  Sacra- 
Hovey.  j^^j-^^q^  Qr^\_^  which  are  52  in.  in  diameter. 

The  design  of  the  power  plant  in  the  operator's  house  of  the  Dum- 
barton draw  is  of  interest  because,  although  it  was  expected  ultimately 
to  use  electric  energy  for  operating  the  draw,  electric  current  would 
not  be  available  at  the  time  the  bridge  was  completed,  and  it  was 
necessary,  therefore,  to  provide  some  other  source  of  power  temporarily, 
and  desirable  to  have  an  alternate  power  available,  even  after  the  elec- 
tric current  was  in  use.  For  the  permanent  equipment  a  52-h.p.  motor, 
designed  to  use  440-volt  alternating  current,  was  provided.  For  tem- 
porary and  alternative  use  an  80-h.p.,  three-cylinder,  four-cycle,  gaso- 
line engine,  running  at  about  300  rev.  per  min.,  was  selected.  In  the 
operation  of  this  draw  bridge  it  is  necessary  to  provide,  from  one 
source  of  energy,  means  to  lower  and  raise  the  center  end  and  wedges, 
and  also  to  open  and  close  the  bridge  itself,  four  separate  operations 
being  required.  The  type  of  gasoline  engine  selected  was  not  reversi- 
ble, therefore  special  transmission  mechanism  was  necessary  to  pro- 
duce rotations  in  each  direction  for  lowering  and  raising  the  ends  of 
the  bridge  and  for  opening  and  closing  the  main  structure.  Many 
bridges  have  been  built  with  mechanism  to  provide  for  these  four  mo- 
tions, but,  in  a  large  number  of  cases,  the  necessary  shafts,  gears, 
clutches,  levers,  etc.,  have  been  located  in  various  positions  on  the 
superstructure.  In  conformity  with  the  well-established  practice  of 
the  builders  of  this  bridge,  it  was  decided  to  use  a  type  of  transmis- 
sion mechanism,  between  the  gasoline  engine  and  the  main  shafts  of 
the  bridge,  which  would  be  entirely  within  the  operator's  house  and 
self-contained  on  a  large  cast-iron  bed-plate,  so  that  the  transmission 
mechanism  could  be  assembled  and  carefully  aligned  in  the  shop  and 
then  shipped  to  the  bridge  in  such  condition  that  a  minimum  of  field 
work  would  be  necessary  in  placing  and  adjusting  it.  This  transmis- 
sion mechanism  included  two  mechanical  and  two  friction  clutches, 
with  the  necessary  shafts,  gears,  and  friction-band  brake  control,  -all 
actuated  by  the  operator  from  a  central  point. 

The  electric  motor  selected  was  of  the  ordinary  reversible  type, 
and  therefore  required  special  transmission  mechanism  to  shift  the 
application  of  power  to  the  wedge-operating  shafts  or  bridge-turning 
shafts  at  pleasure;  but  it  did  not  require  special  mechanical  provision 
for  reversing  the  direction  of  rotation.  To  keep  the  whole  mechanism 
com^Jact  and  rigid,  it  was  decided  to  place  the  motor  on  a  cast-iron 
base  which  was  carefully  fitted  and  bolted  against  one  end  of  the  cast- 
iron  base  of  the  gasoline  engine  transmission  mechanism.  The  motor 
base  also  supported  bearings  for  a  countershaft,  the  pinion  of  which 
was  arranged  to  mesh  directly  with  a  gear  on  the  extended  end  of 
a  countershaft  of  the  gasoline  engine  transmission  mechanism.  The 
motor  countershaft  was  also  provided  with  a  friction  cut-off  coupling, 
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so  that  l)y  moving  a  haiul-lovor  tlie  motor  could  be  thrown  into  engage-  Mr. 
ment  with  the  gasoline  engine  transmission  mechanism  or  allowed  to 
run  idle.  By  this  construction,  it  will  be  noted,  the  transmission 
mechanism  can  be  driven  by  the  gasoline  engine  or  by  the  electric 
motor,  at  pleasure,  and  in  case  of  necessity  a  shift  from  electric  power 
to  gasoline  engine  power  can  be  made  simply  by  releasing  a  clutch 
and  starting  the  gasoline  engine. 

On  account  of  the  location  and  weight  of  the  bridge,  the  time  of 
opening  and  closing  was  fixed  at  2  min.,  as  stated  m  the  paper.  During 
a  visit  to  the  Pacific  Coast  in  July.  1912,  the  speaker  had  an  oppor- 
tunity to  inspect  the  Dumbarton  Draw  Bridge,  and  during  this  in- 
spection the  bridge  was  opened  by  the  operator,  who  did  not  know  that 
he  was  being  timed.  Beginning  with  the  first  movement  to  set  the 
railroad  signals — the  signals  were  set  at  danger — the  operator  on  the 
bridge  received  his  signal  to  open,  and  the  cold  gasoline  engine  was 
started  and  operating  speed  was  attained  in  60  sec;  20  sec.  were  re- 
quired to  lower  the  ends  of  the  bridge;  5  sec.  were  used  in  throwing 
the  clutches  from  the  wedge-operating  shafts  to  the  bridge-turning 
shafts;  and  85  sec.  sufficed  to  open  the  bridge  90°;  thus  making  the 
total  time  from  the  first  motion  of  the  signals  to  the  fully  open  posi- 
tion of  the  bridge,  2  min.  and  50  sec. 

The  speaker  visited  many  draw  bridges  on  the  Pacific  Coast,  but 
did  not  see  an  operator's  house,  or  a  set  of  bridge  mechanism,  in  such 
perfect  condition  as  that  on  the  Dumbarton  Bridge.  The  bridge  opera- 
tor evidently  took  great  pride  in  the  msiintenance  of  the  structure. 
The  bridge  machinery',  after  practically  two  years'  use.  was  as  clean 
as  one  would  expect  to  find  w^ell-maintained  machines  in  a  shop,  and 
the  operator's  house,  in  all  its  a|ii)oiiitmeiits,  was  a  model  of  neatness. 

Lewis  D.  Rights,  M.  Am.  Soc.  C.  E. — The  author  is  to  be  congratu-    Mr. 
lated  on  the  concise  and  clear  manner  in  which  he  has  covered   the  ^'^f*'*^- 
engineering  features  connected  with   this  bridge.     The  speaker   is  in- 
terested in  the  description  of  the  erection  of  the  steelwork,  which  seems 
to  have  proceeded  in  a  very  expeditious  manner. 

.Mr.  Schneider  speaks  of  the  novel  construction  of  a  derrick-car. 
which,  a<^"^ording  to  the  illustrations,  consisted  of  a  liinsed  A-frame 
placed  on  a  standard  flatcar.  Such  tools  have  become  connnon  in  the 
East,  and  almost  every  bridge  company  owns  one  or  more.  Hinged 
A-frames  of  wood  have  l)een  in  use  for  some  years,  and,  about  ten 
years  ago,  S.  P.  jMitchell,  M.  Am.  Soc.  C.  E.,  conceived  the  idea  of 
building  a  special  steel  car  with  a  hinged  steel  A-frame.  A  car  of  this 
kind  was  used  successfully  in  connection  with  the  erection  of  the 
Warehouse  Point  Bridge,  where  the  New  York,  New  Haven  and 
Hartford  Railroad  crosses  the  Connecticut  River,  below  Springfield, 
]\rass.     Mr.   .Mitchell  then  substituted  heavy  steel  struts  for  back-stays, 
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Mr.  patented  the  invention,  and  has  built,  or  authorized  the  construction 
'^  ^'  of,  a  number  of  cars.  The  A-frame  is  23  ft,  high,  making  the  total 
height  of  the  car  when  in  use  about  27  ft.  Such  height  of  mast  is 
necessary  for  booms  of  50  and  60  ft.,  and  cars  have  been  built  re- 
cently with  masts  some  7  ft,  higher.  The  standard  overhead  clearance 
for  the  Middle  Western  roads  is  22  ft,  above  the  rail,  and  as  this  is 
not  sufficient  to  clear  the  top  of  the  A-frame,  Mr.  Mitchell  has  made 
arrangements  to  lean  the  frame  back  and  shorten  the  back-struts  by 
a  series  of  pin-holes*  in  the  latter.  On  some  of  the  Eastern  railroads, 
especially  the  New  England  roads,  the  overhead  clearance  is  very  much 
less  than  22  ft. ;  in  some  cases  it  is  only  about  15  ft,,  with  a  minimum 
of  14  ft.  6  in.  This  is  not  much  more  than  sufficient  to  pass  a  high 
furniture  car,  and  it  is  not  always  practicable  to  lean  the  A-frame 
back  far  enough  to  be  able  to  work  under  such  clearances.  In  the 
last  few  years  some  of  the  Eastern  concerns  have  attempted  to  over- 
come this  difficulty  by  building  a  heavy  steel  frame,  the  top  chords 
of  which  occupy  about  the  same  position  as  the  eaves  of  a  box  car. 
One  company  has  made  the  front  posts  of  this  frame  hollow,  so  that 
an  A-frame  can  telescope  into  them.  An  arrangement  of  pin-holes 
enables  work  to  be  done  with  an  A-frame  at  a  height  very  little 
above  that  of  a  box  car,  or  to  extend  the  frame  so  as  to  give  a  mast 
of  about  18  ft.  Several  other  companies  have  used  this  same  type,  but 
have  hinged  a  short  A-frame  on  the  top  of  the  steel  truss,  instead 
of  at  the  car  floor. 

Another  feature  of  interest  in  connection  with  the  erection  of  the 
Dumbarton  Bridge  is  the  illustration  of  the  double-headed  traveler. 
It  would  seem  that  the  single  booms  at  each  end  of  this  traveler  were 
designed  with  the  idea  of  working  alternately  on  the  fixed  spans,  and 
that  probably  only  one  boom  was  worked  to  advantage  at  any  one  time, 
A  single  boom  for  the  erection  of  a  truss  was  not  considered  good 
practice  several  years  ago,  owing  to  the  number  of  pieces  which  ha.d 
to  be  held  in  place  while  a  connection  was  being  made,  but  the  intro- 
duction of  riveted  joints  has  produced  quite  a  change  in  methods. 
Recently,  derrick-cars  have  been  used  very  successfully  in  the  erection 
of  riveted  trusses,  although  there  are  engineers  and  erectors  who  main- 
tain that  other  tools  are  more  efficient.  In  this  matter,  it  is  some- 
times difficult  to  decide  as  to  the  most  efficient  method  of  erecting  steel- 
work. Several  years  ago,  the  New  York,  New  Haven  and  Hartford 
Railroad,  in  extending  its  six-track  line  into  New  York  City,  built 
a  great  number  of  overhead  bridges  for  the  separation  of  street  and 
railroad  grades.  The  bridges  were  designed  for  New  York  City  paving 
standards  and  very  heavy  live  loads,  and  consisted  of  three  trusses 
with  double  roadways  and  sidewalks.  The  spans  were  not  very  long, 
120  ft.  probably  being  the  average.     It  happened  that  during  a  period 


Papers.)     DISCISSION-  ox  DC  .\i  |{  aimon  iuMi)(;i:  coxsTitrcTiGX  n,-)? 

of  about  18  months,  four  different  bridge  companies  secured  contracts     Mr. 
for  four  bridges,  the  details  of  which  were  very  similar.     They  were  ^'^''*'" 
all    overhead    highway    bridges,    with    the    erection    conditions    almost 
exactly   the  same,   and   the   interesting   feature  was   that  each   of   the 
four  companies  used  a  different  metliod  of  erection. 

One  company  used  a  steel  gallows,  or  gantry  traveler,  reaching 
above  the  trusses,  and  erected  the  steel  from  fixed  hoists. 

The  second  company  erected  two  heavy  steel  derricks  in  the  street, 
one  at  each  abutment,  with  booms  long  enough  to  meet  at  the  middle 
of  the  span. 

The  third  company  had  two  derrick  cars,  one  of  which  was  placed 
on  the  upper  falsework  and  was  used  for  erecting  the  trusses;  the 
other  was  used  down  on  the  railroad  grade  to  supply  the  upper  one  with 
material. 

The  fourth  concern  built  a  two-boom  mule  traveler,  that  is,  a  low- 
decked  traveler  with  two  masts  and  booms.  The  booms  reached  out 
over  the  falsework  to  get  material  from  the  cars  below. 

The  speaker  was  interested  in  the  erection  of  one  lot  of  bridges, 
and  watched  carefully  to  see  what  the  other  companies  were  doing, 
in  order  to  learn  whether  there  was  any  marked  difference  in  the 
methods.  As  far  as  he  could  see,  each  concern  was  guided  in  the 
choice  of  erection  tools  by  what  it  had  on  hand,  and  there  did  not 
seem  to  be  any  very  great  advantage  of  one  kind  of  tool  over  the  other. 
The  speaker  is  satisfied  that  the  method  in  which  he  was  interested 
wa.s  the  best ;  but  the  representatives  of  tlie  other  concerns  feel  the 
same  way  about  their  methods,  so  that  tlie  (luestion  is  still  open. 
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Bv  Messrs.  J.  P.  Snow,  D.  Gitman,  Elwyx  E.  Seelye, 

Alfred  B.  IIeiser,  Henry  G.  Raff,  G.  E.  Doyen, 

AND  Thomas  H.  Wiggin. 


J.  P.  Sx()\v.  M.  Am.  Soc.  C.  E. — It  imiy  be  of  interast,  in  this  Mr. 
connection,  to  refer  to  the  action  of  bolts  in  experimental  timber  '^"°'^- 
joints,  which  are  subjected  to  much  the  same  shearing  action  as  the 
stirrup  rods  in  question.  In  the  case  of  plain  fished  joints,  without 
key.s  or  notches  in  the  timber,  failure  is  always  gradual,  because  the 
bolts  crush  into  the  wood,  the  bolts  assuming  a  reverse  curve  and  finally 
parting  by  tension  when  the  slip  becomes  great  enough  to  bring  the 
reverse  of  the  bolt  at  an  angle  of  about  45  degrees. 

The  same  action  occurs  in  a  wooden  treenail  or  pin  in  plank  lattice 
bridges.  These  pins  are  generally  of  oak,  and  the  plank  is  spruce  or 
pine.  When  slip  occurs,  the  grain  of  the  pin  is  somewhat  crushed  and 
an  offset  occurs  wliicli  is  somewhat  like  a  reverse  curve,  but  is  never 
true  shear. 

'I'lie  shearing  strength  and  bearing  value  of  concrete  are  so  nearly 
equal  that  it  is  doubtful  whether,  in  the  authors'  experiments,  the 
stirrup  rods  added  anythirg  at  all  to  the  shearing  streuiith  of  the 
joint  between  the  stem  and  the  slal),  in  view  of  the  fact  that  no  initial 
slip  occurred. 

Roughness  of  the  joints  is  an  uii(l(iulitc(l  benefit,  because  the  con- 
tact area  between  old  and  new  concrete  is  tluM-eby  greatly  increased. 
The  bonding  material  must  possess  as  much  shearing  strength  as  the 
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Mr.  mortar,  or  more,  therefore  steel  is  a  good  material  for  this  purpose,  but 
its  great  excess  of  strength  is  wasted  as  a  help  in  increasing  the  shear- 
ing value  of  the  joint. 

Mr.  D.  GuTMAN,  M.  Am.  Soc.  C.  E. — The  speaker  would  like  to  know 

Gutman.  ^y]-^g^]^gj.  [^  would  have  had  any  bea.ring  on  the  test  if  the  flanges  had 
been  made  wider?  In  the  average  computation  for  floor-beams  or 
girders,  there  is  much  more  flange  taken  in  by  the  contingent  floor- 
slab  than  is  shown.  Of  course,  from  abstract  reasoning,  that  would 
not  change  the  values  for  the  shear;  but  those  things  act  very  queerly 
sometimes,  and  the  speaker  wonders  whether  the  test  might  not  have 
shown  a  great  variation  if  there  had  been  at  least  a  foot  on  each  side, 
because  the  building  codes  of  various  cities  allow  at  least  that  much. 
In  practice,  the  floor-slab  has  a  negative  bending  moment  at  the 
point  of  support,  namely,  the  beam.  That  is  to  say,  the  flange  of  the 
T-beam  would  tend  to  bend  downward  if  the  test  beam  were  actually 
loaded  as  it  is  in  the  building.  This  force  would  tend  to  lift  the  center 
portion  of  the  flanges  away  from  the  stem. 

Inasmuch  as  there  is  a  greater  number  of  shear  bars  present  than 
the  beam  would  contain  in  practice  (which  extra  bars  would  take  care 
of  the  effect  of  the  negative  bending  moment  of  the  slab),  is  it  reaUy 
fair  to  compare  a  separately  poured  flange  and  stem  and  a  flange  and 
stem  poured  in  one  operation? 

Mr.  Elwyn  E,  Seelye,  Assoc.  M.  Am.  Soc.  C.  E. — The  fact  that  the  depth 

®®  y''-  of  the  beams  tested,  in  proportion  to  the  span,  is  much  greater  than  that 
which  is  ordinarily  met  in  practice,  and  the  fact  that  the  reinforcing 
rods  were  either  hooked  or  bent  up  at  the  ends,  leads  the  speaker  to 
suspect  that  the  load  was  carried  by  arch  action  rather  than  by  flexure, 
and,  therefore,  that  the  shear  along  the  plane  under  discussion  would 
be  less  than  the  authors  estimate  it  to  be.  Also,  as  has  been  sug- 
gested, the  presence  of  the  stirrups  hooked  into  the  T-flange  develops 
"punching"  shear,  and  hence  a  higher  value  may  be  expected. 

The  speaker  is  constrained  to  take  the  position  of  a  critic  because 
he  feels  that  it  would  be  a  serious  matter  if  the  idea  got  abroad  among 
practical  men  that  the  beam  and  slab  do  not  need  to  be  poured  in  one 
operation.  It  is  sufficiently  difficult  now  for  the  engineer  to  have 
his  construction  joints  placed  where  he  wishes  them. 

Mr.  Alfred  B.   Heiser,   Jun.   Am.   Soc.   C.  E. — The  authors  claim  to 

■  have  made  a  comparative  test  between  smooth  and  corrugated  joints 
in  beams  having  the  flange  poured  some  days  later  than  the  web. 
However,  such  a  comparison  is  not  made,  for  in  none  of  the  speci- 
mens tested  did  the  joint  fail.  All  that  is  proved  is  that  when  suffi- 
cient stirrups  are  placed  across  the  joint  it  will  not  rupture  under 
the  breaking  load  of  the  beam. 
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When  beams  of  this  character  are  used  in  construction  work,  there  Mr. 
are  a  number  of  conditions  which  do  not  exist  in  laboratory  practice. 
In  hoisting  the  beams  into  position  they  are  jarred  and  pretty  well 
shaken,  thus  tending-  to  break  the  bond  between  steel  and  concrete. 
After  the  beam  i?  in  place  and  the  slab  is  poured,  forms  are  dropped 
on  it,  vibrations  of  the  building  shake  and  jar  it,  and  temperature 
stresses  warp  it,  all  of  which  tend  to  destroy  the  bond  between  the 
web  and  the  flange.  One  year  after  placement,  a  beam  is  likely  to 
have  a  very  imperfect  bond  between  the  web  and  the  flange.  Any 
decrease  in  the  grip  of  the  stirrups  on  the  concrete  will  decrease  the 
frictional  resistance  along  this  plane. 

In  answer  to  the  three  objects  of  the  tests,  as  stated  in  the  paper, 
it  may  be  said : 

1. — That  this  type  of  construction  is  safe  for  buildings  only  when 

sufficient  stirrups  are  placed  across  the  joint. 
2. — The  tests  do  not  warrant  any  omission  of  corrugations,  ex- 
cept when  using  the  same  proportion  of  stirrups  as  in  the 
test.  About  three  times  the  quantity  of  stirrups  recommended 
by  the  Joint  Committee  were  used  in  these  tests. 
3. — The  authors  have  not  discovered  how  high  a  shearing  stress 
the  smooth  joint  will  resist,  for  the  joint  did  not  fail. 

Beam  Xo.  2S  has  seven  ^^-in.  round  stirrups  and  two  f-in.  square 
bars  crossing  the  joint  between  the  load  and  the  support.  The  seven 
stirrups  have  an  area  of  1.0738  sq.  in.  This,  resolved  through  an 
angle  of  45°,  in  order  to  resist  diagonal  tension,  is  0.75  sq.  in.  Add- 
ing 1.62  sq.  in.  (area  of  diagonal  bars)  to  this  gives  2.37  sq.  in.  of 
steel  resisting  the  tension  imposed  by  the  main  steel.     This  gives  a 

91  044 

unit  stress  of  — =  38  400  lb.  per  sq.  in. 

2.37  ^        '■ 

The  total  tension  in  the  beam  is  derived  by  multiplying  the  area 
of  the  tension  steel,  1.62  sq.  in.,  by  the  unit  stress  in  Table  2,  56  200, 
which  gives  91  044  lb.  This  does  not  exceed  the  elastic  limit,  and 
certainly  shows  that  the  concrete  is  not  stressed. 

The  authors  would  do  better  if  they  tested  a  beam  with  stirrups 
in  the  web  (suflicient  to  resist  diagonal  tension)  and  with  only  two 
or  three  stirrups  across  the  joint.  The  beam  would  then  probably 
fail  along  the  construction  joint,  thus  giving  a  means  of  comparison 
between  the  two  styles  of  joint,  and  also  values  for  these  joints. 

The  authors  state  in  the  introduction  that  they  are  endeavoring 
to  find  an  economical  construction.  Stirrups  cost  money,  and  if  some 
can  be  omitted  there  would  be  a  saving.  These  tests  do  not  give  any 
means  whereby  the  stress  in  the  stirrups  can  be  measured;  a  test  worth 
while  ought  to  give  the  strength  of  the  joint,  so  that  it  would  be 
possible  to  ascertain  the  number  of  stirrups  necessary  to  reinforce  it. 


Raff 
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Mr.     The  conclusions  drawn  by  the  authors  are  misleading,  and  might  cause 
'  disaster  if  used  by  an  incompetent  designer. 

On  first  reading  the  paper,  one  would  think  that,  with  the  ordi- 
nary quantity  of  stirrups,  as  recommended  by  the  Joint  Committee, 
a  construction  joint  is  permissible  in  a  beam,  for  the  authors  do  not 
give  their  method  of  calculating  these  stirrups.  As  the  majority  of 
the  members  have  only  time  for  a  first  reading,  it  is  thought  that  this 
paper  might  cause  laxity  in  pouring  methods. 

Mr.  Hexry  G.  Kapf,  M.  Am.  Soc.  C.  E. — The  speaker  has  read  this 
paper  with  interest,  and  feels  that  the  authors  are  entitled  to  many 
thanks  for  publishing  the  description  and  results  of  their  experiments. 

The  question  of  construction  joints  in  concrete  and  reinforced 
concrete  construction  has  long  been,  is,  and  will  continue  to  be,  a 
bone  of  contention  between  the  contractor  and  the  engineer.  All  efforts 
to  solve  this  problem  in  a  practical  way  should,  and  undoubtedly  will, 
receive  hearty  endorsement  by  the  members  of  this  Society. 

In  describing  the  various  types  of  beams,  the  paper  states  that 
the  Type  A  beams  were  similar  to  those  going  into  the  actual  construc- 
tion. The  speaker  assumes  that  these  test  beams  were  similar  to,  but 
not  identical  with,  those  comprising  the  floor  system  of  the  buildings. 

The  paper  also  states  that  the  sections  of  these  test  beams,  and  the 
reinforcement  therein,  were  designed  with  the  idea  of  developing  high 
shearing  stress  in  the  stems,  and,  in  order  to  obtain  this  condition, 
the  various  sections  and  the  reinforcement  were  of  more  than  ordi- 
nary size  and  quantities. 

The  question  that  naturally  presents  itself  is,  to  what  extent  should 
actual  construction  work  be  governed  by  the  results  of  these  tests'^ 
The  favorable  results  shown  are  very  encouraging;  however,  the 
speaker  would  advise  caution  in  the  matter,  and  allow  the  present 
method  of  monolithic  coipistruction  to  prevail  until  such  time  as  tests 
on  actual  construction  members  prove  the  advisability  of  permitting 
these  construction  joints  in  actual  practice. 

The  test  beams,  A  and  C,  having  the  same  cross-section  and  span 
length  (though  the  quantity  of  stirrups  in  A  is  greater  than  in  i?), 
permit  of  direct  comparison,  and  lead  to  the  conclusion  that  the 
stirrups  assist  the  construction  joint  in  taking  shear.  The  test  beams, 
A  and  Bj,  or  C  and  B,  being  of  unequal  spans,  do  not  permit  of  this 
direct  comparison,  but,  eliminating  the  consideration  of  the  different 
quantity  of  stirrui>s  therein,  an  interesting  comparison  may  be  made 
with  reference  to  span  length;  likewise,  eliminating  the  consideration 
of  the  unequal  length  of  spans,  a  comparison  may  be  made  with 
respect  to  the  quantity  of  stirrups  contained  in  them. 

Table  3  has  been  derived,  by  averaging  the  various  groups  of  ''re- 
sults of  tests"  given  in  Table  2,  and  may  prove  to  be  of  interest. 
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TAI'.IJ-:  :i. 


No. 

Type. 

Joint. 

Total 
load. 

li'l 

^  ID  U 

03 
rti 

1 

Q 

H 

Shear  area  at 
construction 

joint,  in 
square  inches. 

.   J3 

%3 

ft    ,0) 

t-  g  o 
■CO. 5 

rt  *  S 

Percentage  of 

stirrup  area,  in 

tei-ms  of  shear 

area. 

6  . 

3i  CO 

C.S 

B.2 

1      1     . 

Smooth 

50  700 
47  500 
49  800 
51800 
61)600 
55  550 
4810O 
46  350 

2  885 
2  783 
2  815 
8  573 
2  980 
2  695 
2  665 
2  720 

2:H0  000 
217  200 
225  2<H) 
214  928 
250  192 
227  393 
201  600 
210  8  0 

400 
400 
4(10 
304 
304 
304 
400 
400 

575 
543 
563 

707 

82;i 

748 
504 
527 

2.76 
2.76 
3.76 
5.06 
5.06 
5.06 
0.99 
0.99 

0.69 
0.69 
0.69 
1.66 
1.66 
1.66 
0.25 
0.25 

KJO 

2...;   A 

■i...\     A 
4...      B 

Corrugrated 

Monolithic 

Smooth 

100 
100 
76 

5...I    B 
6,..l     B 
7...      C 

Corrugated 

Monolithic 

Smooth 

76 
76 
100 

8... 

C 

Monolithic 

100 

Mr. 
Hafr. 


Assuming  the  stirrups  to  be  capable  of  taking  liorizontal  shear  to 
tlie  amount  of  the  product  of  their  normal  projection  on  the  plane 
of  the  construction  joint  by  the  ultimate  (unit)  crushing  strength  of 
the  concrete  (as  determined  by  the  average  of  the  stresses  given  in 
Table  3),  we  have  a  value  in  horizontal  shear  for  one  ^rV-in.  stirrup 
of  (2  741  X  O.IST"))  =  514  lb.;  a  value  in  horizontal  shear  for  one 
yVi"-  stirrup  of  (2  741  X  0.3125)  :=  857  lb.;  and  for  one  |-in. 
stirrup  a  value  of  (2  741  X  O.o75)  =  1  028  lb.  There  were  36  stirrups 
in  each  beam,  hence  the  total  value  in  horizontal  shear  of  the  y^y-in. 
stirrups  per  beam  is  18  504  lb.,  of  the  fVin.  stirrups  per  beam  the 
value  is  30  852  lb.,  and  of  the  h'U^-  stirrups  per  beam  the  value  is 
37  008  lb. 

Table  4  gives  the  results  obtained  by  deducting  these  assumed 
values  of  the  stirrups  in  horizontal  shear  from  the  total  shear  on  the 
construction  joints  of  the  various  beams,  subtracting  from  the  gross 
area  of  these  joints  the  area  of  their  respective  stirrups,  and  dividing 
the  net  shear  in  concrete  by  the  net  concrete  area  of  the  constnictiou 

joints. 

TA15LE  4. 


No. 


I 

II 

III 

IV 

v 

VI 
VIl 

vm 


Type. 


Joint. 


A  Smooth 

A  Corinigated 

A  Monolithic  . 

B  Smooth 

B  C<;rrugated 

P  Monolithic  . 

C  Smooth 

C  Monolithic . 


1  r  c 

_  a  ^ 
«  o  a 
o".2 


230  000 
217  200 
225  200 
214  928 
250  192 
227  392 
201  600 
210  800 


30  852 
30  852 
.30  852 
37  008 
37  008 
37  008 
18  504 
18  504 


199  148 
186  348 
194  348 
177  920 
213  184 
190  384 
183  096 
192  296 


397.24 
397.24 
397.24 
298.96 
298,96 
298.96 
399.01 
393.01 


3    s 

fc..3  t> 

'it; 


Sj3 
aftg 

D  ^   — 
77  Q  ? 


2.76 
2.76 
2.76 
5.06 
5.06 
5.06 
0.99 
0.99 


501 
469 
490 
595 
713 
636 
459 
483 


-=«3 


100 
100 
KX) 
76 
76 
76 
100 
100 
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Mr-  Table  5  will  undoubtedly  prove  interesting  because  of  the  extraordi- 

'  nary  results  shown  in  the  column  headed  "Percentage  of  low  shear 
in  terms  of  high  shear."  The  speaker  feels  that,  irrespective  of  the 
various  causes  contributing  to  these  erratic  results,  they  should  re- 
ceive profound  study  by  the  engineer  who  contemplates  the  use  of 
construction  joints  in  T-beams  similar  to  those  under  discussion. 

TABLE  5. 


Comparison 

of  beams 
by  numbers. 

Unit  shear 

from 

Table  3. 

Unit  shear 

from 

Table  3. 

Unit  shear 

from 

Table  4. 

Unit  shear 

from 

Table  4. 

Percentage 

of  low 

shear  in 

terms  of 

high  shear. 

1  at  575  lb. 

7  at  504  lb. 

88 

I  and  Vll   

I  at  501  lb. 

VII  at  459  lb. 

92 

3  and  8 

3  at  563  lb. 

8  at  527  lb. 

93 

Ill  and  VIII  .     . 

in  at  490  lb. 

VIII  at  483  lb. 

100 

4  and  1 

4  at  707  \h. 

1  at  575  lb. 

81 

IV  and  I 

iv  at  595  ib. 

I  at  501  lb. 

84 

4  at  707  ii). 

7  at  504  lb. 

71 

IV  and  VII 

IV  at  505  lb. 
'V  at  713  lb. 

VII  at  459  lb. 

5  and  2 

5  at  8^:3  lb. 

2  at  543  lb. 

66 

V  and  II 

II  at  469  lb. 

66 

6  and  3 

6  at  748  lb. 

3  at  563  lb. 

75 

VI  and  III    

VI  at  636  lb. 

vi'atebeib. 

in  at  490  lb. 

77 

6  and  8 

6  at  748  lb. 

8  at  527  lb. 

70 

VI  and  VIII 

VIII  at  4&3  lb. 

76 

Mr. 
Doyen. 


G.  E.  Doyen,  Esq. — According  to  the  usual  method  of  calculating 

stirrups,  there  seem  to  be  too   many  in  these  beams,  particularly  in 

those  of  Type  B.     The  usual  method  of  calculating  assumes  120  lb. 

per  sq.  in.,  or,  at  most,  150  lb.  per  sq.  in.,  on  the  net  section  as  the 

allowable  shear,  and  that  one-third  of  this  is  carried  by  the  concrete 

and  the  remainder  by  the  stirrups  and  bent-up  bars.     Where  there  are 

no    bent-up   bars,    as    in   this    case,    the    speaker   would    calculate    the 

stirrups  as  follows :    Width  of  beam  multiplied  by  unit  shear  carried  by 

stirrups  =  4  in.  X  100  lb.  =  400  lb. ;  value  of  two  |-in.  square  bars  at 

4  500 
16  000  lb.  per  sq.  in.  =  4  500  lb.;  the  stirrup  spacing  would  then  be  — — — 

=  Hi  in.,  or  practically  three  times  that  actually  used.  This  spa.cing 
is  too  wide  for  the  beam  in  qviestion,  and  smaller  steel  should  be  used. 
The  result  of  using  so  much  stirrup  steel  is  that  the  web  and  flange 
of  the  beam  are  so  thoroughly  tied  together  that  there  is  no  chance 
for  a  shear  crack  to  form  between  them.  If  the  stirrups  act  in  tension, 
as  assumed,  and  as  they  undoubtedly  do  after  the  web  of  the  beam 
has  begun  to  crack,  there  is  a  direct  pull  by  each  stirrup  on  the  flange 
of  the  beam,  which  amounts  to  quite  a  considerable  force.  This  pull 
brings  into  play  a  frietional  resistance  between  the  two  parts  of  the 
beam,  which  acts  in  addition  to  any  adhesion  of  the  concrete  surfaces. 
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Aside  from  tliis  factor,  there  can  be  no  doubt  that  the  stirrups  prevent    Mr. 
any  such  lifting  up  of  the  flange  as  would  be  necessary  in  order  that 
it  might  slip  over  the  rough  surface  of  the  top  of  the  web. 

In  short,  the  authors  have  attempted  to  find  how  high  a  shearing 
stress  a  smooth  joint  between  the  web  and  flange  of  a  concrete  beam 
would  carry,  but  have  only  discovered  that,  by  using  a  quantity  of 
stirrup  steel  greatly  in  excess  of  what  would  be  used  in  practical  design, 
it  is  possible  to  tie  the  two  parts  of  the  beam  together  so  thoroughly 
that  they  are  able  to  obtain  a  very  high  unit  shear.  The  tests  do  not 
show  how  high  a  shear  such  a  joint  would  stand  in  a  beam  designed 
to  meet  practical  conditions. 

Thomas  H.  Wiggin,  M.  Am,  Soc,  C,  E. — The  speaker  is  not  in  Mr. 
accord  with  those  who  have  suggested  the  absence  of  shear  on  the  '^^'"• 
joints  tested;  he  believes  it  must  be  conceded  that  there  is  shear  on 
these  joints,  and  that  the  vertical  shear  rods  in  themselves  cannot 
take  it.  The  rods  are  not  placed  in  the  right  position  to  take  the 
horizontal  shear,  being  at  right  angles  to  that  stress;  and  the  bearing 
area  which  they  have  on  the  concrete  above  and  below  would  be  incon- 
siderable compared  with  the  shear  to  be  resisted.  The  shear  must 
be  carried  by  the  strength  which  has  been  developed  in  the  construc- 
tion joint,  explained  by  excellent  adhesion  or  by  some  other  phenomena, 
which  the  discussions  thus  far  have  not  disclosed. 

With  respect  to  the  adhesion  as  bearing  on  the  integrity  of  the 
concrete  across  the  joints,  that,  of  course,  is  a  question  of  methods  of 
construction.  Strong  adhesion  can  easily  be  obtained  in  an  experi- 
mental way,  which  might  not  be  carried  on  with  such  uniform  success 
on  a  larger  scale;  for  example,  the  dirt  on  the  surface  can  all  be 
removed,  and  with  certainty,  though  it  is  understood  that  it  was  not 
done  in  this  case.  Dirt  can  be  prevented  from  getting  on  the  con- 
crete and  a  higher  degree  of  workmanship  can  be  secured  than  would 
be  generally  possible  on  a  large  scale. 

It  has  often  been  shown  in  experiments  that  beams  of  plain  con- 
crete can  be  made  in  two  operations,  using  rich  mortar  at  the  joint, 
and  tliat  these  will  break  elsewhere  than  at  the  joint;  yet,  in  con- 
struction, if  any  cracking  occurs  in  concrete,  it  is  usually  at  the 
joints  and  not  elsewhere.  The  speaker  has  noticed  this  repeatedly  in 
various  shrinkage  phenomena,  and  in  testing  concrete  pipes  by  water 
pressure. 

One  may  concede  that  the  methods  used  were  fairly  representative 
of  commercial  work,  and  still  find  an  explanation  for  the  strength 
developed.  In  tests  of  what  is  sometimes  called  "true"  shear,  it  is 
very  seldom  that  the  breaking  stress  is  less  than  700  or  800  lb.  It 
frequently  runs  up  to  1 000  or  1 100  lb,,  and  results  greater  than 
2  000  lb.  have  been  obtained  in  puncliing  shear  on  plates  with  edges 
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Mr.  bound  by  reinforcement.*  Now,  what  is  there  that  distinguishes 
punching  shear  from  ordinary  shear  developed  in  beams  resting  on 
supports?  The  nearness  of  the  load  to  the  point  of  support  and  the 
binding  force  supplied  by  the  grips — and  particularly  by  the  steel  in 
the  tests,  above  inentioned,  of  punching  shear  on  concrete  plates  with 
edges  reinforced — probably  both  contribute  to  the  high  results;  and 
it  is  not  difficult  to  conceive  that  the  stirrup  steel  produced  a  similar 
effect  in  the  tests  under  discussion.  The  action  conceived  of  is  not 
that  suggested  by  one  speaker — -that  the  tension  in  the  stirrup  steel 
causes  a  friction  between  the  two  concrete  surfaces  assumed  to  be 
plane — for  tension  woidd  cause  the  stirrups  to  stretch  slightly,  thvis 
taking  the  concrete  out  of  bearing,  and  precluding  friction  of  the 
ordinary  kind,  such  as  would  exist  between  plane  surfaces  held  to- 
gether. As  no  surface  under  the  microscope  is  smooth  (and  particu- 
larly a  concrete  surface),  it  is  entirely  conceivable  that,  although  the 
stirrup  rods  may  stretch  to  a  slight  extent,  they  would  still  hold  the 
teeth  of  the  surfaces,  so  to  speak,  in  mesh,  and  thus  cause  an  action 
similar  to  punching  shear,  though  not  as  effective  on  account  of  the 
general  absence  of  pieces  of  the  coarse  aggregate  across  the  plane  of 
shear.  A  minute  distortion  would  have  to  take  place  before  such 
action  could  occur,  but  it  would  be  very  minute  with  the  quantity  of 
stirrup  steel  used  in  the  beams  under  discussion. 

The  speaker  offers  this  as  a  purely  off-hand  and  unstudied  specu- 
lation, although  it  is  perfectly  certain  that,  with  good  workmanship, 
a  joint  would  frequently  be  made  that  would  be  just  as  strong  as  the 
original  concrete.  If  the  explanation  suggested  has  any  weight,  it 
is  true,  of  course,  that  a  large  number  of  stirrups  would  be  more 
effective  than  a  small  number,  so  that  there  may  be  something  in  the 
criticism  in  the  discussion  that  the  relatively  large  quantity  of  stirrup 
steel  does  have  an  effect  on  the  results.  The  speaker  thinks  more 
investigation  would  be  wise  before  applying  the  method  described  by 
the  authors  to  ordinary  designs  of  reinforced  concrete  over  large 
floor  areas. 

*  Bvlletin  No.  S,  Univei'sity  of  Illinois  Engineering  Experiment  Station. 
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])\   Mi:ssiis.  Fra/i.|{  C.  IIilder,  Henry  II.  Qii.mmv,  K.  D.  Coombs, 
AND  J.  B.  French, 


Frazer   C.   IIiEDEH,   Assoc,   il.   Am.   Soc.   C.   E.    (by  letter).— This     Mr. 

...  ,  ,  111  1  Hilaer. 

pa])er  is  a  valuable  addition  to  the  scanty  data  on  tlie  loads  to  be  ex- 
pected on  a  striK'ture  crowded  with  moving  people.  It  would  seem  to 
the  writer  that  more  extended  experiments  along  these  lines  might 
well  be  undertaken  to  determine  the  horizontal  component  of  the  kinetic 
effect  produced  by  a  crowd  nidviiiii-  in  unison  on  a  grand  stand  or 
similar  structure.  A  considerable  horizontal  force  is  evidently  exerted 
by  a  crowd  of  ''rooters,"  not  only  by  springing  to  their  feet  at  the 
crucial  moment  of  an  exciting  game,  as  considered  by  Mr.  Tilden,  but 
Ijy  moving  rhythmically  thereafter  so  as  to  produce  and  continually 
accentuate  a  rocking  motion  in  the  structure.  The  writer  has  in  mind 
an  instance  coming  under  his  observation  where  a  wooden  stand  was 
dangerously  racked  by  a  crowd  of  excited  students  swaying  in  unison, 
from  one  leg  to  the  other,  as  they  sang.  While  such  ebullitions  might 
well  be  suppressed  in  the  interests  of  safety,  it  is  evident  that  in  spite 
of  precautions  such  movement  may  occur,  and  that  the  possibility 
should  be  considered  in  the  design  of  a  grand  stand.  |)artifularly  for 
a  college. 

While  such  an  investigation  would  indicate  the  need  of  excessively 
heavy  bracing,  if  an  ordinaiy  factor  of  safety  were  used,  it  would  seem 
that  a  structure  of  the  class  indicated  might  well  be  designed  to  resist 
the  possible  rocking  or  marching  of  a  crowd,  with  a  small  factor  of 
safety,  as  compared  with  that  calculated  for  static  loads. 


•This  discussion  (of  the  paper  by  C.  J.  Tilden,  Assoc.  M.  Am.  Soc.  O.  E.,  published  in 
March  1113  Proceedings,  and  presented  at  the  meeting  of  April  16th,  1913),  is  printed 
in  JHtoceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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Mr.  Henry  H.  Quimby,  M.  Am.  Soc.  C.  E.  (by  letter). — Any  sugges- 

Qinmoy.  ^-^^^  ^£  ^^^  forces  to  be  provided  for  in  the  design  of  structures  will 
awaken  the  interest  of  a  structural  engineer,  and,  therefore,  the  experi- 
ments described  in  this  paper  command  attention.  The  statement  that 
a  man  in  rising  suddenly  from  a  seat  may  exert  a  horizontal  effect 
or  force  equal  to  one-half  his  weight,  is  somewhat  startling;  and 
that  a  grand  stand  should  be  figured  for  a  horizontal  force  equal  to 
one-half  of  all  its  vertical  live  load  is  a  new  proposition,  which, 
if  true,  is  important. 

In  order  to  test  the  proposition,  the  writer  rigged  up  a  means  of 
measuring  horizontal  impulses  by  attaching  adjustably  loaded  brack- 
ets to  a  light  swinging  platform;  he  also  experimented  with  the  swing 
disconnected  from  the  loads,  in  order  to  observe  the  amount  of  the 
induced  lateral  movement. 

The  greatest  backward  horizontal  force  produced  by  a  sudden 
rising  from  the  seat  with  the  consequent  shifting  forward  of  the  center 
of  gravity  of  the  body,  appeared  to  be  7%  of  the  body  weight,  and 
the  backward  swing  of  the  unrestrained  platform  indicated  only  5% 
when  the  weight  was  multiplied  by  the  tangent  of  the  angle  of  incli- 
nation of  the  suspenders.  The  latter  is  probably  not  at  all  reliable, 
because  the  amount  of  the  lateral  swing  is  not  likely  to  be  in  direct 
proportion  to  the  length  of  the  suspenders,  and,  without  doubt,  the 
backward  swing  was  always  interrupted  by  the  forward  impulse. 

It  was  immediately  observed  that  the  re-acting  forward  force  was 
much  greater  than  the  rearward  force.  The  unrestrained  platform — 
disconnected  from  the  apparatus  and  free  to  swing — would  first  swing 
backward  about  4  in.,  and  then  about  8  in.  forward  of  the  neutral 
point.  When  it  was  restrained,  the  weight  lifted  by  the  second  or 
return  impulse  was  about  twice  as  great  as  that  lifted  by  the  first 
or  backward  impulse,  that  is,  about  14%  of  the  vertical  load. 

These  measurements  seem  to  indicate  that  there  is  something  wrong 
with  the  author's  method  of  computing  the  horizontal  effect.  The 
error  is  probably  in  the  assumption  that  the  horizontal  movement  is 
as  rapid  as  the  vertical  one.  A  study  of  the  movement  shows  that 
either  the  center  of  gravity  is  thrown  forward  before  rising,  or  the 
feet  are  arawn  under  the  body  and,  after  rising,  the  body  steps  for- 
ward, for  the  rise  could  not  be  made  in  the  inclined  direction  without 
a  "purchase"  to  the  rear  to  push  against.  Speed  of  movement  is 
essential  to  the  development  of  kinetic  energy. 

The  rearward  impulse  is  succeeded  so  quickly  by  the  forward  one 
that  the  bracing  of  the  structure  has  hardly  time  to  feel  it,  and  its 
energy  must  be  largely  absorbed  by  the  inertia  of  the  structure  if 
the  dead  weight  is  at  all  considerable,  and  this  is  likely  to  be  the  case 
always.      The   platform    used    in    the   experiment    described    was   very 
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light — perhaps  one-fifth  of  tlic  live  load — as  probably  was  that  of  _  ^r 
the  scale  used  by  the  author  in  his  work.  Absorption  of  ener<?>'  of 
a  transitory  force  reduces  the  effect  and  the  attending  stress,  as  illus- 
trated by  the  old  magic  of  enduring  a  sledge-hammer  blow  on  one's 
chest  by  interposing  an  anvil.  It  is  suggested  that  the  author  repeat 
his  rising  experiment  on  the  scale  with  its  platform  loaded  with  a 
dead  weight  equal  to  the  live  load,  and  report  the  result. 

The  fact  that  the  second  or  forward  impulse  is  greater  than  the 
rearward  one,  is  probably  due  to  the  arrest  of  the  movement  being 
more  sudden  than  its  start.  The  energy  expended  in  the  movement 
must  be  divided  between  accelerating  it  and  retarding  it,  but  the 
kinetic  effect  will  be  proportioned  to  the  quickness  of  each  stage. 

The  stress,  or  the  effect  of  stress,  in  a  structure  is  not  directly 
proi)ortional  to  the  speed  of  application  of  loads — it  is  not  necessarily 
increased  by  so-called  impact.  Within  limits,  the  rapid  application 
of  a  load  to  almost  any  material  will  find  a  higher  resistance  than 
a  slow  application,  and  if  the  dead  weight  be  equal  to,  say,  the  live 
load,  much  of  any  kinetic  effect  of  sudden  loading  will  be  lost  in  the 
mass  before  reaching  the  bracing. 

The  effect  of  a  crowd  running  across  a  bridge  and  against  the 
railing  is  a  more  menacing  force,  and  at  least  one  case  is  recalled 
where  a  footbridge  over  a  stream  collapsed  under  a  shifting  crowd 
of  spectators  at  a  boat  race.  A  well-designed  bridge  railing,  however, 
will  be  competent  to  resist  the  pressure  of  a  crowd,  for  if  the  strength 
of  the  rail  and  the  posts  be  computed  for  50  lb.  per  lin.  ft.  applied 
at  the  rail,  the  usual  allowed  unit  stress  will  provide  ample  margin 
for  a  push  against  it.  The  kinetic  effect  of  a  crowd  hurrying  across 
the  bridge  would  be  spent  in  the  floor  and  not  on  the  railing,  for  only 
one  rank  of  the  runners  could  fetch  up  against  the  rail — at  least,  at 
one  moment — and  a  bridge  wide  enough  to  permit  a  shifting  crowd 
to  get  up  any  speed  must  have  considerable  mass  or  inertia,  and  is 
likely  also  to  be  stiff  as  a  horizontal  beam. 

It  would  seem,  therefore,  that  we  hardly  need  to  revise  our  prac- 
tice in  the  design  of  structures  to  care  for  a  new  kind  of  impact. 
The  suggestions  in  the  paper,  however,  should  be  useful  in  direct- 
ing attention  to  the  necessity  for  intelligent  design  in  the  construc- 
tion of  all  parapet  railings,  but  the  -most  formidable  impact  that 
railings  are  subject  to  nowadays  seems  to  be  that  of  straying  trolley 
cars  and  automobiles,  one  of  the  former  and  half  a  dozen  of  the 
latter  having  come  under  the  writer's  notice  recently,  and  engineers 
cannot  well  be  expected  to  design  for  such  contingencies. 

R.  D.  Coombs,  M.  Am.  Soc.  C.  E. — It  seems  to  the  speaker  that     Mr. 
the  general  application  of  the  results  of  the  experiments  to  specifica-  Coombs, 
tions,  by  the  addition  of  loading  requirements,  would  be  an  unneces- 


French. 
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Mr.  sary  burden  to  structures  which  are  calculated  for  wind  load.  Such 
'^^  '  structures,  particularly  if  designed  for  the  venerable  loading  of  30  lb. 
per  sq.  ft.,  would  have  a  strength  more  than  suiBcient  to  care  for  the 
lateral  stresses  due  to  the  movement  of  the  live  load.  In  fact,  the 
calculated  wind  load  would  not  occur  while  the  structure  was  occu- 
pied, as  the  load  presupposes  a  very  violent  wind  velocity.  Further, 
the  usual  so-called  "wind  loads"  really  include  a  vibration,  or  lateral 
impact  loading. 

Though  some  special  provision  for  lateral  and  vertical  impact 
forces  may  be  proper  for  light  temporary  grand  stands,  etc.,  which 
may  not  be  designed  for  the  usual  wind  loads,  the  speaker  believes 
any  such  addition  entirely  unnecessary  for  first-class  permanent  work. 
Mr.^  J.  B.  French,  M.  Am.  Soc.  C.  E. — The  author's  experiments  are  of 
interest  and  merit  discussion,  but,  as  pointed  out  by  Mr.  Prichard, 
the  eflPect  of  these  forces  on  structures  is  very  largely  dependent  on 
the  general  character  and  dimensions  of  the  structure,  independent 
of  its  strength.  If  the  intervals  of  time  between  the  successive  appli- 
cations of  even  a  very  small  force  correspond  to  the  rate  of  vibration 
of  the  structure  or  structural  member,  the  effect  will  be  cumulative 
and  may  assume  serious  proportions. 

The  most  extensive  experiments  on  structures  to  determine  the 
kinetic  effect,  as  distinguished  from  the  static  effect,  of  moving  loads, 
are  undoubtedly  those  made  by  the  American  Railway  Engineering  As- 
sociation by  running  trains  across  bridges,  the  length,  weight,  and  speed 
of  the  trains,  and  the  length  of  the  bridges  all  being  varied  within 
considerable  limits;  and,  in  these  experiments,  it  appeared  to  be  dem- 
onstrated that  the  kinetic  effect,  or  impact  produced,  depended  largely 
en  the  relation  of  the  span  length  to  the  speed  and  length  of  the  train, 
and  that  the  running  of  trains  over  bridges  at  a  speed  of  less  than 
10  miles  per  hour  produces  no  appreciable  effect  beyond  that  which 
would  be  produced  by  the  train  standing  still. 

The  effect  of  the  movement  of  crowds  over  bridges  would  certainly 
be  dependent  on  similar  laws,  and  it  does  not  seem  possible  that  a 
bridge  designed  to  carry  the  automobile  and  heavy  trucking  traffic  of 
to-day,  and  constructed  with  the  solid  floors  which  are  now  so  common, 
could  be  appreciably  affected  by  the  dynamic  effect  of  crowds  of  people. 
In  the  case,  however,  of  grand  stands  filled  with  spectators  of  a 
football  or  similar  game  appealing  to  their  enthusiasm,  all  might  arise 
at  one  time  and  engage  in  regularly  timed  cheering  or  stamping, 
thereby,  undoubtedly,  producing  a  considerable  effect,  and  this  should 
be  taken  into  account  in  the  design  of  such  structures.  Even  in  this 
case,  however,  it  is  evident  that  the  effect  would  be  more  dependent 
on  the  rigidity  of  the  structure,  or  what  might  possibly  be  called  its 
"vibratory  pitch,"  than  on  its  strength  under  static  loads,  or  the  weight 
of  the  spectators. 
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Bv  ^Ikssrs.  Lo(;a\  Waller  Page,  William  J.  Boucher. 

AND    A.    T.    GoLOBKOK. 


LoGAX  Waller  Page,  M.  Am.  Sot'.  C.  E.  (by  letter). — Since  report-  Mr. 
in<r  the  results  of  his  oil-ooiicrete  iuvestigationsf  in  September,  1911,  *^^' 
additional  data  have  been  obtained  by  the  writer  which  will  be  of  inter- 
est at  the  present  time  in  showing  the  effect  of  different  types  of  oils 
on  the  strength  of  oil-mixed  concrete  and  mortar  at  the  age  of  2  years. 
These  results,  some  of  which  have  already  been  reported  at  an  early 
age,  are  given  in  Tables  10,  11,  and  12. 

Referring  first  to  Table  10,  Tensile  Strengths,  it  will  be  noted 
that  Oils  Xos.  4923,  4981,  and  5053  have  no  deteriorating  effect  on  the 
tensile  strength,  at  the  end  of  1  year  in  the  case  of  No.  5053,  or  at 
the  end  of  2  years  in  the  cases  of  Xos.  4923  and  4981.  Oil  Xo.  5856 
more  nearly  resembles  those  used  by  Messrs.  Taylor  and  Sanborn  than 
any  of  the  others,  and  the  effect  on  the  strength  is  not  greatly  different 
from  that  reported  by  them.  The  few  tests  made  with  Oil  Xo.  6536, 
at  the  end  of  28  days,  show  an  increase  in  the  tensile  strength  with 
the  addition  of  this  oil.  It  would  seem  from  these  results,  combined 
with  those  of  Mes.^rs.  Taylor  and  Sanborn,  that  some  types  of  oils 
might  be  seriously  detrimental  to  the  strength  of  mortars,  and,  there- 
tore,  that  their  selection  should  be  made  from  the  results  of  tests 
of  mortar  mi.xed  with  the  oil  under  consideration. 

*  This  discussion  (of  the  paper  by  Messrs.  Arthur  Taylor  and  Thomas  Sanborn,  pub- 
lished in  the  JIaroh.  1913,  Proceedings,  and  presented  at  the  meeting  of  April  16th,  1913;. 
is  prmted  in  Proceedings  in  onier  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  Transactions.  Am.  Soc.  C.  E.,  Vol.  LXXIV,  p.  255. 
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Mr. 
Page- 


TABLE  10. — Tknsile  Strength  of  Oil-Mixed  Briquettes 
Stored  in  Water. 
1  :  3  Ottawa  Sand. 


Character  of  oiL 


m 

.a 

b 

>> 

°5 

c8 

a 

a) 

r^ 

o 

>> 

00 

s 

1-4 

to 

256 

296 

33() 

326 

299 

400 

449 

320 

287 

316 

373 

353 

252 

331 

360 

343 

268 

356 

308 

327 

250 

335 

320 

340 

283 

367 

313 

259 

337 

323 

268 

341 

321 

264 

329 

319 

244 

331 

302 

388 

297 

353 

298 

386 

.S1.3 

334 

325 

309 

304 

371 

330 

330 

226 

343 

348 

340 

238 

297 

278 

333 

204 

395 

333 

395 

161 

225 
347 
3S5 
.370 

276 

385 

16 

0 

17 

2\^ 

18 

5 

19 

10 

20 

15 

31 

20 

153 

0 

158 

2% 

163 

5 

160 

10 

313 

0 

216 

2Vo 

217 

5 

232 

10 

579 

0 

580 

3W 

581 

5 

583 

10 

r33 

0 

734 

5 

735 

10 

Fluid  residual  oil  No.  4  933 

Fluid  residual  oil  No.  4  981 ". '. '. 
Fluid  residual  oil  No.  5  053. . . . 
Asphaltic  petroleum  No.  5  856. 
Asphaltic  petroleum  No.  6  536 


393 
257 

315 
320 
3&3 
250 
296 
328 
265 


The  results  on  crushing  strength  given  in  Table  11,  and  extending 
up  to  a  period  of  2  years,  show,  in  general,  that  oil-mixed  concrete 
gains  strength  with  age,  a  pretty  strong  indication  that,  with  the 
small  quantity  of  oil  incorporated,  the  concrete  is  not  likely  to  suffer 
future  deterioration.  The  ratio  of  the  strengths,  however,  is  not  the 
same  with  different  kinds  of  oils.  When  10%  of  Oil  No.  4981  is 
mixed  with  concrete,  the  strength  is  cut  down  to  about  one-half  of 
that  of  the  plain  mixture  a.t  all  periods  up  to  2  years.  Oil  No.  4923, 
however,  does  not  have  this  severe  effect  in  decreasing  the  strength; 
and,  in  general,  with  a  very  dusty  crushed  gneiss  aggregate,  the  crush- 
ing strength  with  10%  of  oil  is  about  75%  of  that  of  the  plain  con- 
crete, and  with  5%  of  oil  is  about  85%  of  the  plain  concrete  strength. 
With  a  well-graded,  clean,  gravel  aggregate,  excellent  results  were 
obtained  with  2^,  5,  and  10%  of  Oil  No.  4923,  the  5%  mixture  having 
93%  and  the  10%  mixture  90%  of  the  strength  of  plain  concrete.  The 
results  obtained  at  the  end  of  1  year,  on  the  compressive  strength  of 
mortar  mixed  with  five  different  kinds  of  oils,  and  reported  in  1911, 
do  not  show  the  serious  decrease  in  streng-th  obtained  by  Messrs. 
Taylor  and  Sanborn  with  the  California  asphaltic  oils. 

Regarding  the  question  of  absorption,  it  is  to  be  regretted  that 
the  authors  have  not  explained  thoroughly  their  absoiTDtion  tests,  par- 
ticularly with  regard  to  the  preliminary  treatment  of  their  specimens 
in   securing   complete   dryness.     It  has   been   the   writer's   experience, 
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Mr.  and  likewise  that  of  other  investigators,  that  a  1:3  mortar  which 
^^^'  will  absorb  only  2^%  of  its  weight  during  an  immersion  of  24  hours, 
is  a  rare  curiosity.  With  all  the  oils  that  the  writer  has  tried  for 
absoi-ption,  he  has  obtained  results  the  opposite  of  those  reported  by 
Messrs.  Taylor  and  Sanborn.  It  has  been  his  experience  that  the 
heavy  oils  are  more  effective  as  damp-proofers  than  the  lighter  oils, 
when  properly  mixed.  The  difficulty  of  mixing  an  oil  with  concrete 
increases  with  its  specific  viscosity,  and  it  is  unwise  to  use  an  oil  with 
a  higher  specific  viscosity  than  45. 

TABLE  12.— Analysis  of  Oils. 


Sample  number 

Type 

Character 

Specific  gravity  at  25°/25'>  cent 

Loss  at  163°  cent.,  5  hours,  20  grammes 

Character  of  residue 

Soluble  in  C  So,  air  temperature 

Organic  matter  insoluble 

Percentage  of  total  bitumen  insoluble  j 

in  86°  paraffin  naphtha I 

Fixed  carbon 

Specific  viscosity,  Engler  at  25°  cent.  . . 


5  856 

Asphaltic  petroleum  . 

S  Sticky,  viscous  fluid.  I 

i     With  gasoline  odor. )' 

0.945.. 

30.84  

iSoft,  sticky,  ductile.  I 
I     with  slight  flow j" 

99.93  

0.07 

7.71 

4.22 

50.0    


6  536 

Asphaltic  petroleum. 

Slightly   sticky    fluid, 

with  naphtha  odor. 
0.945 
21.76 

Soft,  sticky,  semi-solid, 
crystalline  appearance 
on  surface. 
99.97 
0.03 

14.42 

7.57 
15.0 


The  authors'  permeability  results  are  not  a.  surprise  to  the  writer, 
considering  the  early  age  at  which  the  tests  were  made.  As  time  goes 
on,  the  oil-mixed  specimens,  under  high  pressures,  as  well  as  the 
plain  specimens,  become  impermeable,  but,  at  early  periods,  oil-mixed 
concrete,  under  high  pressure,  is  no  more  impermeable  than  plain 
concrete,  although  the  writer  has  succeeded,  even  at  early  periods, 
in  making  the  oil  mixture  of  concrete  more  impermeable  than  the 
plain  mixture,  by  using  a  very  carefully  graded  gravel  aggregate. 
Oil-mixed  mortars  seem  to  be,  in  general,  impermeable.  The  writer 
would  like  to  make  it  clear  that  he  considers  the  addition  of  oil  to 
the  concrete  mixture  of  benefit  as  a  damp-proofer  rather  than  as  a 
means  for  preventing  the  percolation  of  water  under  great  pressure; 
and  not  only  his  laboratory  tests,  but  the  results  from  numerous  con- 
structions, point  to  the  efficiency  of  the  oil  as  a  damp-proofing  agency. 
Oil-mixed  mortar,  however,  might  be  used  with  benefit  to  prevent  the 
percolation  of  water  under  pressure,  as  well  as  to  damp-proof. 

The  writer  has  had  very  successful  results  with  oil-mortar  parging 
applied  to  the  exterior,  and  in  some  cases  to  the  interior,  of  base- 
ment walls,  with  oil-concrete  roofs  and  walls,  in  the  United  States 
Treasury  vaults,  and  in  basement  floors.  He  has  also  had  reports 
regarding  oil-mixed  concrete  structures  that  were  perfectly  water- 
proofed when  subjected  to  heads  of  10  ft.  Oil-mixed  concrete  has 
likewise  been  used  for  the  construction  of  pumping  pits  in  very  wet 
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soil.  Similar  constructions  of  plain  concrete  in  tlie  vicinity  were  Mr. 
always  wet,  whereas  the  oil-concrete  constructions  remained  perfectly  *^*' 
dry.  The  ease  with  which  the  oil  can  be  incorporated  with  the  con- 
crete, and  the  comparative  cheapness  of  the  process,  make  it  a  de- 
sirable one  for  use  in  structures  subjected  to  low  heads.  The  follow- 
ing specification  for  oil  is  given  as  one  which,  it  is  believed,  will  give 
effective  results  as  a  damp-proofing  agent  when  used  in  a  concrete  or 
mortar  mixture: 

SPKCIKKATIOX  FOR  OtL  TO  BK  UsKD  IX  OiL-CeMEXT  CoXCRETE. 

(1)  The  oil  shall  he  a  fluid  residual  from  the  distillation  of 
petroleum,  and  shall  contain  no  admixture  of  fatty  or  vegetable-  oils. 

(2)  It  shall  have  a  specific  gravity  of  not  less  than  0.920  at  a  tem- 
perature of  25°  cent. 

(3)  It  shall  show  a  flash  point  of  not  less  than  150°  cent,  by  the 
closed-cup  method. 

(4)  When  240  cc.  of  the  oil  is  heated  in  an  Engler  viscosimeter 
to  50°  cent.,  and  maintained  at  that  temperature  for  at  least  3  min., 
the  first  100  cc.  which  flows  out  shall  show  a  specific  viscosity  of  not 
less  than  15  nor  more  than  30. 

In  conclusion,  it  would  seem  to  the  writer  that,  should  a  duplica- 
tion of  the  tests  by  Messrs.  Taylor  and  Sanborn  give  the  same  results 
with  the  California  oils  as  those  already  obtained,  they  would  be  dan- 
gerous and  valueless  oils  to  use.  The  writer  cannot  help  being  a.  little 
doubtful  of  the  reported  absorption  tests,  as  they  are  at  variance  with 
those  of  a  number  of  investigators.  He  regrets  that  his  own  experiments 
have  not  included  the  California  oils,  but  rather  the  semi-asphaltic 
product.  He  hojies,  however,  to  be  able  to  duplicate  the  authors'  tests 
with  the  asphaltic  oils,  in  order  to  throw  additional  light  on  tlieir 
api^lieation  to  oil-concrete  mixtures. 

Regarding  the  effect  of  drippings  of  oil  on  concrete,  it  must  be 
acknowledged  that  in  a  great  many  instances  the  concrete  mixtures 
have  suflFered  great  deterioration.  This,  however,  is  an  entirely  differ- 
ent proposition  from  that  of  mixing  oil  in  very  small  percentages  with 
wet  concrete.  A  great  many  lubricating  oils  have  vegetable  and  ani- 
mal oil  admixtures,  and  such  oils,  it  is  known,  cause  the  destruction 
of  concrete,  the  lime  in  the  cement  causing  a  saponification  of  the  oil. 
Moreover,  in  such  cases,  as  the  oil  is  concentrated  on  a  small  surface 
of  concrete,  its  effect  is  very  serious.  In  the  ca^e  of  the  oil  admixture, 
only  a  very  small  percentage  of  oil  is  used,  and  this  is  distributed 
throughout  the  mass. 

William  J.  Boucher,  Assoc.  M.   Am.  Soc.   C.  E. — The  following     Mr. 
brief  remarks  do  not  relate  to  the  asphaltic  or  other  heavy  oils,  but  ^''"'^'^®'■• 
to  the  ligliter  varieties,  such  as  kerosene. 


Boucher 
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Mr.  In   the   period   just   preceding   the   opening   of   the   present   Rapid 

Transit  Railroad,  in  New  York  City,  barrels  of  kerosene  were  kept 
at  convenient  locations,  from  which  the  lanterns  of  the  watchmen  were 
filled.  One  night  a  barrel  leaked,  and  in  the  morning  an  oily  spot 
on  the  concrete  roadbed  showed  where  the  kerosene  had  disappeared. 
Considerable  discussion  followed  as  to  whether  damage  would  result, 
and  on  account  of  the  layers  of  asphalt  and  felt  water-proofing  about 
10  in.  below  the  surface  of  the  concrete,  which  it  was  believed  would 
surely  be  damaged  by  the  kerosene,  the  concrete  was  dug  up,  the  water- 
proofing relaid,  and  new  concrete  placed.  It  has  always  been  a  matter 
of  interest  to  the  speaker  as  to  what  would  have  happened  to  the 
kerosene-soaked  concrete  if  it  had  been  left  in  place.  Probably  on  a 
smooth  troweled  surface,  such  as  a  sidewalk  or  station  platform,  it 
would  run  off  and  evaporate,  but  would  it  cause  deterioration  if  allowed 
to  remain  in  ordinary  concrete? 

On  looking  up  some  references  on  oil  mixed  with  concrete,  the 
speaker  found  a  very  interesting  article,*  giving  the  experiments  and 
part  of  the  conclusions  of  James  C.  Hain,  Assoc.  M.  Am.  Soc.  C.  E., 
who  conducted  quite  an  elaborate  series  of  tests  on  cement  briquettes, 
treated  with  or  immersed  in  lard  oil,  whale  oil,  castor  oil,  boiled  lin- 
seed oil,  crude  petroleum,  and  signal  oil  (the  latter  a  mixture  of  animal 
fat  and  mineral  oil).  Mr.  Hain's  account  of  the  tests  covers  more 
than  three  pages,  and  he  summarizes  as  follows: 

"At  the  outset  we  failed  to  find  [in  railroad  or  industrial  works] 
a  specimen  of  concrete  that  we  felt  was  positively  disintegrated  by 
oil,  though  we  not  infrequently  heard  of  it.  *  *  *  On  the  other 
hand,  plenty  of  concrete  was  found  that  oil  had  penetrated  but  not 
disintegrated.  Further,  our  tests  on  comparatively  new  briquettes, 
which  were  weakened  by  exposure  to  air,  showed  that,  with  one  excep- 
tion, they  were  disintegi-ated  by  all  classes  of  oils  and  fats.  These 
oils  and  fats  when  arranged  according  to  their  effect  (as  far  as  our 
experiments  indicate),  are  as  follows:  1,  animal  fat;  2,  animal  oil; 
3,  vegetable  oil;  and  4,  mineral  oil.  *  *  -  On  the  following  points 
we  are  reasonably  certain:  (1)  Most  oils  penetrate  concrete  mortar, 
which  makes  them  dangerous.  (2)  Concrete  is  more  liable  to  be  dis- 
integrated when  saturated  with  oils  and  fats  if  not  thoroughly  set. 
(3)  A  good  quality  of  concrete  is  less  susceptible  to  the  effect  of  oil 
than  a  poor  quality,  such  as  a  porous,  frosted,  lean,  poorly  mixed,  or 
improperly  seasoned  concrete." 

In  the  issue  of  April  20th,  1905,  of  the  same  periodical,  Maximilian 
Toch,  Assoc.  Am.  Soc.  C.  E.,  comments  on  Mr.  Hain's  experiments, 
and  says : 

"We  found  that  the  disintegration  [of  the  briquette  immersed  in 
signal  oil]  was  due  to  the  formation  of  oleate  and  stearate  of  calcium. 
To  reduce  this  to  its  simplest  expression,  the  animal  oils  contain  acids 

*  Engineering  JVews,  March  16th,  1905. 
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which  combine  with  the  lime,  and  crystals  of  stearate  and  oleate  of      Mr. 
lime  are  formed.     It  is  very  likely  that  these  crystals  in  the  process  ^'^""^**®'"- 
of  formation  have  increased  the  bulk   in  the  briquette  and  the  bond 
which  has  been  formed  by  the  lime  in  the  set  cement  has  been  totally 
disintegrated  and  ruptured. 

****** 

"-Machinory  oil  which  contains  no  animal  fat  is  evidently  harmless 
to  cement  concrete  for  the  reason  that  no  combination  can  occur. 
Machinery  oils  are  almost  exclusively  paraffine  oils." 

A.  T.  GoLDBECK,*  Esq. — It  is  a  peculiar  thing  that,  with  all  the  Mr. 
oils  used  in  Mr.  Page's  experiments,  the  tensile  strength  of  1 :  3  mortar 
has  been  but  very  slightly  affected  by  the  oil  admixture.  In  a  great 
many  instances  the  tensile  strength  even  exceeds  the  strength  of  plain 
1 :  3  mortar,  although,  at  the  same  time,  the  crushing  strength  of 
concrete  mixed  with  the  same  kinds  of  oils  is  invariably  somewhat 
less  than  that  of  plain  mixtures.  Only  one  oil,  thus  far,  has  been 
found  to  affect  the  tensile  strength  seriously,  and  this  oil  perhaps  more 
nearly  resembles  the  asphaltic  California  products  than  any  of  the 
others  used. 

As  stated  by  ^Fr.  Owen,  the  influence  of  lubricating  oils  on  plain 
concrete  foundations  is,  in  a  great  many  instances,  very  severe.  Ani- 
mal and  vegetable  oils  disintegrate  concrete,  and  many  of  the  lubri- 
<;ating  oils  contain  animal  and  vegetable  oil  admixtures.  This  dis- 
integrating action  is  particularly  severe  on  lean,  absorbent  mixtures 
which  may  take  up  a  very  larg(>  quantity  of  oil.  The  mineral  oil  con- 
crete mixture  must  be  regarded  in  a  different  light  from  that  of  a 
plain  concrete  subjected  to  the  penetrating  action  of  lubricating  oils. 
It  is  true  that  a  very  large  percentage  of  oil,  when  mixed  with  the 
wet  concrete,  will  cause  it  to  lose  all  strongtli.  but  such  excessive 
admixtures  are  unnecessary  as  well  as  dangerous.  A  small  percentage, 
however,  of  the  right  kind  of  oil  seems  to  be  of  benefit  as  a  damp- 
proofing  agent,  and  does  not  seem  to  be  dangerously  detrimental  to 
the  strength  of  the  mixture. 

•Testing  Engineer,  OfHce  of  Public  Roads,  U.  S.  Dept    of  Agriculture. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note.— Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  information 
which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be  forwarded 
to  the  Secretary  prior  to  the  final  publication. 


WEOHdiE  EDWARD  miAY,  Hon.  >I.  Am.  Sue.  C.  E. 


DiKD  Januaijy  1st.  1913. 


George  Edward  Gray,  the  .son  of  Joel  and  Betsey  K.  Gray,  was 
born  at  Verona,  N.  Y.,  on  September  12th,  1818. 

After  receiving  a  public  school  education,  he  studied  civil  engineer- 
ing under  Pelatiah  Rawson,  a  pioneer  in  the  Profession  in  this  country. 

In  August,  1839,  Mr.  Graj-  was  appointed  Resident  Engineer  on  the 
Black  River  Canal,  in  New  York  State,  and  remained  in  that  posi- 
tion until  1842.  He  then  served  as  Assistant  Engineer,  under  the 
late  Allan  Campbell,  ^1.  \u\.  Soc.  C.  E..  Chief  Engineer,  and  the 
late  A.  W.  W.  Evans,  M.  Am.  Soc.  C.  E.,  Resident  Engineer,  on  the 
Xew  York  and  Harlem  Railroad  until  1847,  when  he  returned  to  the 
Black  River  Canal,  serving  as  Assistant  Engineer  and,  later,  as  Resi- 
dent Engineer,  on  that  and  the  Erie  Canal. 

In  the  Spring  of  1852,  he  was  appointed  Chief  Engineer  of  the 
Utica  and  Schenectady  and  the  Mohawk  Valley  Railroads,  and,  in  1853, 
when  these  and  other  roads  were  consolidated  to  form  the  New  York 
Central  Railroad,  he  was  made  Chief  Engineer  of  the  la.tter,  remaining 
in  that  position  until  May,  1865.  It  was  during  his  incumbency  as 
Chief  Engineer,  and  under  his  immediate  direction,  that  the  first 
wrought-iron  truss  bridges  in  the  United  States  were  built  on  the  line 
of  this  railroad.  He  also  acted  as  Chief  Engineer  on  the  construction 
of  the  Hudson  River  Bridge,  at  Albany,  N.  Y.,  from  1860  to  May,  1865. 

In  1865  Mr.  Gray  was  made  Consulting  Engineer  of  the  Central 
Pacific  Railroad  which,  with  the  Union  Pacific  Railroad,  completed 
the  first  transcontinental  railroad  in  the  United  States.  Mr.  Gray 
continued  in  this  position  until  1871,  when  he  was  employed  as  Chief 
Engineer  by  the  Southern  Pacific  Railroad,  and  in  this  capacity 
had  charge  of  the  construction  of  many  miles  of  that  road  and  of  the 
various  other  railroads  comprising  the   Southern  Pacific  System. 

In  1885,  he  retired  from  railroad  work  and  engaged  in  consulting 
practice  at  his  home  in  Elmwood  Park,  Berkeley,  Cal.,  until  his  death 
on  January  1st,  1913. 

Mr.  Gray  was  held  in  affection  and  respect  by  all  who  knew  him 
and  his  work.  He  was  a  member  of  many  technical  and  scientific 
associations,  including  the  Institution  of  Civil  Engineers  of  Great 
*  Memoir  prepared  by  the  Secretary  from  material  on  file  at  the  Society  House. 
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Britain,  the  California  Academy  of  Sciences,  the  San  Francisco  Asso- 
ciation of  the  American  Society  of  Civil  Engineers,  etc.,  and  served 
as  a  Trustee  of  the  Leland  Stanford,  Jr.,  University  for  many  years. 

Mr.  Gray  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  July  2d,  1873,  and  an  Honorary  Member  on  June  5th, 
1894. 


PETER  SUTHER  ARCHIBALD,  M.  Am.  Soc.  C.  E.=< 


Died  March  16th,  1913. 


Peter  Suther  Archibald,  the  son  of  William  and  Elizabeth  (Blair) 
Archibald,  vras  bom  at  Truro,  Nova  Scotia,  on  March  21st,  1848,  and 
received  his  education  in  the  Truro  Model  and  Normal  Schools. 

Mr.  Archibald  began  his  professional  career  as  a  Rodman  on  the 
preliminary  surveys  for  the  Intercolonial  Railway  in  September,  1867, 
under  Sir  Sandford  Fleming,  M.  Am.  Soc.  C.  E.,  and,  during  the  con- 
struction of  the  road  and  its  subsequent  operation,  he  rose,  by  sheer 
ability  and  application,  from  one  position  to  another,  until,  in  1879, 
he  became  Chief  Engineer  of  the  railroad  which,  as  a  boy,  he  had 
helped  to  construct.  This  position  he  held  until  his  resignation,  in 
1898,  to  take  up  private  practice  as  a  Consulting  Engineer. 

Mr.  Archibald  was  Consulting  Engineer  of  the  St.  John  Cantilever 
Bridge  and  Railway  Extension  Company,  by  special  permission  of  the 
Minister  of  Railways.  In  1894  he  was  appointed  a  member  of  the 
Royal  Commission  to  inquire  into  freight  rates  in  Manitoba  and  the 
Northwest  Territories. 

In  1902  he  was  made  Chairman  of  an  Arbitration  Tribunal  be- 
tween Contractor  Reid  and  the  Newfoundland  Government,  which  in- 
volved a  $2  000  000  claim ;  and,  later,  he  was  Chairman  of  the  Arbitra- 
tion Board  to  settle  the  question  of  the  Newfoundland  telegraph  lines. 
He  was  also  employed  as  an  expert  in  disputed  matters  between  the 
Clergue  Syndicate  and  its  contractors  on  railway  construction. 

In  1905  Mr.  Archibald  was  Contractor's  Engineer  for  Mr.  A.  E. 
Trites,  on  the  construction  of  the  Northern  Maine  Seaport  Railroad, 
now  a  part  of  the  Bangor  and  Aroostook  Railroad.  In  1907  he  was 
appointed  a  member  of  the  Conciliation  Board  re  the  Cumberland 
Coal  and  Railway  Company,  under  the  Industrial  Disputes  Act,  and 
in  1908  he  was  made  a  Commissioner  by  the  New  Brunswick  Govern- 
ment to  manage  the  New  Brunswick  Central  Railway. 

♦Memoir  prepared  by  William  B.  MacKenzie.  .Esq.,  Right-of-Waj  and  Lease  Agent, 
Intercolonial  Railway  of  Canada,  Moncton,  N.  B.,  Canada. 
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Mr.  Archibald's  capabilities  a.s  a  Consulting  Engineer  were  so 
widely  recognized  that,  after  taking  up  private  practice,  his  services 
and  advice  were  frequently  *^ught  in  cases  of  special  importance,  as 
well  as  in  many  snialler  projects  for  railways,  bridges,  and  water 
supplies. 

^fr.  Archibald  was  a  wide  reader;  a  man  of  calm,  even  tempera- 
ment, a  true  friend,  and  a  gentleman  who  possessed  the  confidence  and 
respect  of  those  who  had  the  pleasure  of  his  acquaintance.  By  his 
ever-ready  desire  to  assist  those  in  need,  he  secured  not  only  the  re- 
spect of  his  professional  brethren,  but  the  admiration  and  loyalty  of 
his  subordinates. 

In  April.  1874,  .Mr.  Arcliibald  was  married  to  Miss  Clara  G. 
Lindsay,  the  daughter  of  Mr.  F.  S.  Lindsay,  of  Rockland,  Me. 

He  was  a  Member  and  Councillor  of  the  Canadian  Society  of  Civil 
Engineers,  and  a  Lieutenant  in  the  T-'d  Volunteer  Battalion. 

Mr.  Archibald  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  January  7th,  1S85. 


PHILIP  HENRY  COOMBS,  M.  Am.  Soc.  C.  K. 


Died  March  6th,  1913. 


Pliilip  Henry  Coombs,  the  son  of  P.  H.  and  Sarah  Forbes  (Wood- 
hull)  Coombs,  was  born  at  Bangor,  Me.,  on  December  24th,  1856.  He 
was  educated  in  the  public  schools  of  that  place,  and  in  1875  entered 
the  office  of  his  uncle,  the  late  Frederick  H.  Coombs,  who  was  then 
City  Engineer  of  Bangor,  as  his  Principal  Assistant,  remaining  in 
this  pasition  until  1883. 

In  November,  1883,  Mr.  Coombs  was  elected  City  Engineer  and 
Superintendent  of  Sewers  of  Bangor,  which  office  he  held  continu- 
ously until  March,  1893.  He  occupied  the  same  office  in  1894,  1899, 
and  from  1901  to  1905,  inclusive.  He  also  served  as  City  Engineer  for 
Brewer,  ^le.  During  his  incumbency  as  City  P^ngineer,  ^Ir.  Coombs 
had  charge  of  the  construction  of  many  miles  of  sewers,  and  thereby 
became  an  authority  on  the  plan  of  the  City  of  Bangor,  its  streets, 
and  sewerage  system,  a  knowledge  which  proved  of  great  value  during 
his  long  period  of  service  as  a  public  official. 

As  City  Engineer,  he  also  made  the  plans,  specifications,  and  con- 
tracts, and  had  direct  charge  of  the  construction  of  the  masonry  pier 
and  abutments  for  Kenduskeag  Bridge  in  1884  and  1889,  and  of  the 
masonry  pier  for  the  Franklin  Street  Bridge,  in  1885,  this  latter  work 

♦  Memnir  pi-epareil  by  the  Secretary  from  material  on  file  at  the  Society  House. 


1182  MimOIR   OF   PHILIP  HENRY   COOMBS  |  Memoirs. 

haA-ing  been  done  jointly  by  the  .United  States  Government  and  the 
City  of  Bangor.  He  also  supervised  the  erection  of  the  new  steel 
bridge  between  Bangor  and  Brewer;  thev^econstruction  and  extension 
of  the  Bangor  Water-Works;  and  the  erection  of  the  Eastern  Maine 
Insane  Hospital,  as  well  as  the  construction  of  roads  and  the  design 
of   the  landscape  work. 

In  addition  to  the  work  done  for  the  City  of  Bangor,  Mr.  Coombs 
made  surveys  and  plans  for  water-works  and  sewerage  systems  in  many 
other  towns  in  Maine,  including  Dexter,  Dover,  Foxcroft,  Newport, 
and  Brewer. 

In  1887,  he  formed  a  partnership  with  Thomas  W.  Baldwin,  M. 
Am.  Soc.  C.  E.,  under  the  firm  name  of  Baldwin  and  Coombs.  The 
firm  was  engaged  in  general  engineering  practice  until  1892,  when 
Mr.  Baldwin  removed  from  Bangor,  and  the  business  was  taken  over 
by  Mr.  Coombs. 

Mr.  Coombs  was  widely  known  as  a  Consulting  Engineer,  and 
had  charge  of  the  construction  of  many  large  industrial  plants,  in- 
cluding the  pulp  mills  of  the  Penobscot  Chemical  Fibre  Company,  at 
Great  Works,  Me.,  in  1881-83 ;  the  paper  and  pulp  mills  of  the  Eastern 
Manufacturing  Company,  at  Brewer,  in  1889;  the  Orono  Pulp  and 
Paper  Company,  at  Basin  Mills,  Orono,  Me. ;  and  the  Webster  Paper 
Company,  at  Orono,  Me.,  in  1890. 

In  1888,  he  had  charge  of  laying  out  the  Bangor  Street  Railway, 
the  first  electric  road  built  in  Maine,  and  one  of  the  first  to  be  operated 
successfully  in  the  United  States.  He  was  also  engaged  as  Engineer 
on  the  survey  and  construction  of  railroads  of  several  companies 
centering  in  Bangor,  from  1888  imtil  his  death. 

In  1901,  Mr.  Coombs  was  one  of  two  Commissioners,  authorized 
by  the  Maine  Legislature  and  appointed  by  the  Penobscot  Log  Driving 
Company,  on  a  survey  of  the  West  Branch  water-shed  of  the  Penobscot 
River  to  investigate  and  determine  the  present  storage,  and  need  of 
increased  storage  for  log-driving,  manufacturing,  and  other  purposes. 
He  remained  in  the  service  of  the  Penobscot  Log  Driving  Company 
until  his  death,  being  engaged  chiefly  on  hydraulic  work. 

Mr.  Coombs  was  also  employed  at  various  times  as  Engineer  in 
charge  of  the  construction  of  Chapin  Park,  Broadway  Park,  and 
Summit  Park,  for  the  City  of  Bangor,  and  for  a  number  of  years  he  was 
also,  as  Engineer,  in  charge  of  the  designs,  plans,  specifications,  etc., 
of  fishways  for  the  Maine  Fisheries  Commission. 

In  Januai-y,  1883,  Mr.  Coombs  was  married  to  Miss  Millie  M.  Field, 
of  Bangor,  Me.,  who,  with  two  daughters,  surviA^es  him. 

On  July  3d,  1911,  he  was  suddenly  stricken  with  what  at  first  was 
thought  to  be  sunstroke,  but  which  later  proved  to  be  paralysis.  He 
had  partly  recovered  his  health,   and  was   able  to  attend  to  business. 
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but  on  March  :2d,  1913.  he  had  an  attack  of  acute  indigestion  from 
which  he  died. 

Mr.  Coombs  was  a  man  of  pleasant,  genial  disposition  and  had  a 
wide  circle  of  friends.  He  was  especially  prominent  in  Masonic  affairs, 
and  was  also  a  member  of  the  Order  of  Odd  Fellows. 

Mr.  Coombs  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  Tth,  1906, 


JAMES  BIX  SCHUYLER,  M.  Am.  Soc.  C.  E. 


Died  September  13th,  1912. 


James  Dix  Schuyler  was  born  at  Ithaca,  N.  Y.,  on  May  11th,  1849. 
He  was  the  son  of  Philip  Churcli  and  Lucy  M.  (Dix)   Schuyler. 

Ho  received  his  early  education  at  Friends'  College  which  he  at- 
tended from  1863  to  1868.  He  owed  his  high  attainments  in  his 
Profession,  and  his  versatility,  very  largely  to  subsequent  study,  a 
broad  range  of  reading,  and  personal  experience.  As  a  young  man  he 
joined  a  railroad  surveying  party  in  Colorado,  where  he  was  stationed 
from  1869  to  1873,  and,  once  imbued  with  the  spirit  of  the  West,  he 
kept  on  to  California  where  he  made  his  home. 

Mr.  Schuyler  began  the  practice  of  his  Profession  as  Assistant 
Engineer  on  the  location  and  construction  of  the  Kansas  Pacific  Rail- 
way, in  Western  KaiLsas  and  Colorado,  and  was  Resident  Engineer  on 
the  last  division  of  the  road,  remaining  on  this  work  until  its  com- 
pletion in  1870.  He  was  then  appointed  Resident  Engineer  on  the 
Denver  and  Rio  Grande  Railroad,  from  Colorado  Springs  to  Denver, 
and  made  the  first  survey  of  Colorado  Springs.  On  arriving  in  Cali- 
fornia, in  1873,  he  was  made  Division  Engineer  of  the  North  Pacific 
Coast  Railroad  from  l^oss  Valley  to  San  Rafael.  In  1874  he  was  ap- 
pointed Chief  Engineer  of  the  Stockton  and  lone  Railroad,  and  on 
the  financial  collapse  of  that  project,  he  worked  temporarily  as  a 
writer  for  the  Stockton  Daily  Independent.  In  1877  he  was  made  Chief 
Assistant  State  Engineer,  in  the  State  Engineering  Department  of 
California,  and  was  placed  in  charge  of  the  irrigation  investigations 
being  conducted  by  that  Department  in  the  Great  Central  Valley  of 
California. 

Mr.  Schuyler  remained  with  the  State  Engineering  Department 
until  1882,  when  he  resig-ned  to  accept  the  position  of  Chief  Engineer 
and  General  Superintendent  of  the  Sinaloa  and  Durango  Railroad  in 
Mexico.  In  1884  he  returned  to  California,  and  was  engaged  for  a 
time  as  a  Contractor  in  the  construction  of  a  section  of  the  sea-wall 

*  Memoirprepared  by  Stephen  E.  Kieffer,  C.  E.  Grunsky,  an.i  J,  B.  Linpin.-ott,  Members 
Am.  Soc.  C.  E.  ,  . , 
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on  the  water-front  of  San  Francisco.  During  the  following  year  he  was 
placed  in  charge  of  raising  and  completing  the  Sweetwater  Dam,  and 
the  work  which  he  did  there  assured  his  standing  in  the  Engineering 
Profession,  his  rise  to  prominence  thereafter  being  rapid. 

Mr.  Schuyler  was  called  into  conference  and  was  placed  in  charge 
of  important  work  in  various  parts  of  the  United  States  and  in  Mexico. 
From  1891  to  1895  he  was  Consulting  Engineer  to  the  Lake  Heraet 
Water  Company,  and  designed  and  snpei-vised  the  construction  of  the 
Hemet  Dam,  one  of  the  highest  masonry  dams  in  Western  America. 
He  was  engaged  on  the  construction  of  water-works  at  Portland,  Ore., 
and  at  Denver,  Colo.,  on  the  Bear  River  Canal,  in  Utah,  on  the  Ogden, 
Utah,  Water- Works,  and  on  irrigation  works  at  various  places  in  the 
West.  He  was  one  of  the  Board  of  Consulting  Engineers  to  pass  on  the 
feasibility  of  the  Owens  River  water-supply  project,  for  Los  Angeles. 
Cal.,  and  was  appointed  by  President  Roosevelt  as  a  member  of  the 
second  Commission  of  Consulting  Engineers  which  passed  on  the 
feasibility  of  the  Gatun  Locks,  the  Gatun  Dam.  and  related  structures 
for  the  Panama  Canal. 

His  activities  as  a  Consulting  Engineer  extended  across  the  ocean 
to  Japan,  and  as  far  south  as  Brazil.  He  was  Consulting  Engineer 
to  the  Territorial  Government  of  Hawaii  on  the  construction  of  the 
IN'uuanu  Dam;  to  the  Monterey  Water- Works  and  Sewer  Company, 
Limited,  of  Mexico;  to  the  Kobe  Syndicate  on  an  extensive  power 
project  in  Japan,  involving  the  construction  of  a  very  high  dam;  to 
the  Mexican  Light  and  Power  Company,  Limited,  on  the  building  of 
four  large  dams  for  power  development  in  Mexico;  to  the  Vancouver 
Power  Company,  Limited,  on  the  building  of  a  dam  at  Coquitlam 
Lake;  to  the  Arrowhead  Reservoir  Company;  the  American  Beet  Sugar 
Company;  and  the  Sweetwater  Water  Company. 

Mr.  Schuyler  not  only  did  much  in  a  constructive  way  that  will 
endure,  but  he  had  the  happy  faculty  of  imparting,  through  his  writ- 
ings, the  results  of  his  work  and  experience  to  other  members  of  hie 
Profession.  Among  engineers  he  was  recognized  as  being  unusually 
resourceful,  and  as  having  an  unusual  grasp  on  the  experience  of  other 
members  of  the  Profession,  which  he  understood  how  to   apply. 

In  writing  of  Mr.  Schuyler  and  his  work.  Dr.  George  Wharton 
James  says : 

"His  unfailing  good  humor,  ready  acquiescence  in  every  exjierience, 
cheerful  bearing  of  hardsliip,  inconvenience,  and  annoyance,  his  uni- 
form kindness,  urbanity  and  courtesy,  his  gentle  consideration  for  his 
associates,  his  companions,  and  the  employees  and  helpers  with  wliom 
he  came  in  contact,  his  ready  and  quick  response  to  every  human  and 
humane  fooling  and  sentiment,  his  kinship  with  every  living  thing, 
whether  of  animal  or  plant  life,  his  keen  powers  of  observation   and 
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far-reachiiij,'  grasp  of  reHeetion,  his  tenacity  of  memory,  and  thorough 
conscientiousness  in  getting  hold  of  every  fact  that  would  aid  him 
in  his  decisions,  his  ptM'sistent  iiuestioning  and  careful  recording  of  the 
results  obtained,  his  joy  in  recognizing  the  possil)ilities  of  a  great 
project,  his  ready  acknowledgments  of  errors  in  judgment  based  upon 
imi)erfect  knowledge,  his  elotiuent  and  forceiul  i)resentation  of  facts 
as  he  saw  them,  the  brilliant  keenness  of  his  intellect  in  dealing  with 
knotty  problems  of  his  Profession,  the  far-seeing  scope  of  his  fine  and 
trained  imagination,  his  loyalty  to  his  friends,  his  kind  toleration 
of  those  wlio  harshly  differed  from  him,  his  open  devotion,  sincere 
admiration,  and  genuine  affection  for  his  wife,  his  brothers,  his 
sisters,  his  family  generally — these  and  a  score  of  other  ti'aits  clearly 
manifest  in  our  association  endeared  him  to  me  in  a  manner  peculiarly 
potent. 

^'Physically,  he  was  a  large  man,  a  man  of  impressive  appearance, 
yet  he  wa?;  larger  and  more  impressive  mentally  and  spiritually  than 
he  was  physically.  A  man  of  the  keenest  spiritual  perceptions,  he  was 
yet  a  man  among  men,  without  a  trace  of  the  egotist  or  prig. 
His  smile  was  an  outward  expression  of  a  kindly,  genial,  humane  nature. 
He  w^ore  no  celluloid  smile,  formed  by  facial  control.  When  his  face 
beamed  upon  you  it  was  the  spontaneous,  natural,  ready  response  to 
the  smile  of  his  soul,  warming  you  to  trust,  confidence,  belief.  He 
called  forth  the  best  of  every  man  with  whom  he  came  in  contact.  He 
was  a  mental  and  spiritual  dynamo,  generating  and  radiating  activity, 
peace,  and  good  will  to  men. 

"In  his  Profession  he  ranked  with  the  highest  and  best,  and  at  his 
funeral  in  Ocean  Park,  in  September,  every  prominent  member  of 
the  engineering  and  cognate  professions  of  Southern  California  was 
present  in  person  or  by  representative,  and  the  expressions  of  the 
sense  of  loss  were  intimate  and  personal.  The  world  has  too  few  such 
men ;  would  there  were  more." 

In  July,  1889,  Mr.  Schuyler  was  married  to  Mrs.  Mary  Ingalls 
Tulliper,  of  San  Diego,  Cal.,  who  survives  him. 

He  was  a  member  of  the  Institution  of  Civil  Engineers  of  Great 
Britain,  the  American  Geographical  Society,  the  Franklin  Institute, 
the  Technical  Society  of  the  Pacific  Coast,  and  the  Union  League.  He 
contributed  extensively  to  various  technical  and  scientific  journals  and 
Society  publications,  his  best-known  work  being  his  book  entitled, 
"Reservoirs  for  Irrigation,  Water  Power,  and  Domestic  Water  Supply," 
which  was  first  published  in  I'JOl,  a  second  edition  having  been  issued 
in  1908.  He  was  twuce  winner  of  the  Thomas  Fitch  Rowland  Prize 
given  by  this  Society  for  the  best  paper  presented  during  the  year,  the 
first  in  1S89  for  the  paper  "The  Construction  of  the  Sweetwater  Dam,"* 
and  the  second  in  1907  for  his  paper  "Recent  Practice  in  Hydraulic- 
Fill  Dam  Construction. "t 


*  Transactions.  Am.  Soc.  C.  E..  Vol.  XIX,  p.  201. 
t  Transactions,  Am.  Soc.  C.  E..  Vol.  LVIII,  p.  196. 
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Mr.  Schuyler  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  December  6th,  1882.  He  also  served  as  Vice- 
President  in  1903-04,  and  as  a  Director  in  1892,  and  from  1899  to  1901. 


FRANK  SOULE,  M.  Am.  Soc.  C.  E.* 


Died  February  14th,  1913. 


Frank  Soule  was  born  at  Woodville,  Miss.,  on  August  6th,  1845. 
He  came  from  New  England  ancestry,  being  a  descendant  of  the  May- 
flower Pilgrims,  and  tracing  his  lineage  directly  to  John  Alden, 
Priscilla  Mullins,  and  George  Soule.  His  father,  Frank  Soule,  went 
to  California  in  May,  1849,  where,  later,  he  was  well  known  as  a 
journalist  and  as  one  of  the  authors  of  the  "Annals  of  San  Francisco." 

Professor  Soule  received  his  early  education  at  Bridge  Hampton, 
W.  Y.,  and  at  the  San  Francisco  High  School.  In  1862  he  was  ap- 
pointed to  the  United  States  Military  Academy  at  West  Point,  from 
which  he  was  graduated  in  1866.  Immediately  thereafter,  he  was  as- 
signed to  duty  as  Assistant  Ordnance  Officer.  In  1868  he  was  ordered 
to  West  Point  as  Instructor  in  Ordnance  and  Gunnery,  aud  also  per- 
formed the  duties  of  Assistant  Professor  of  Mathematics. 

In  1870  he  resigned  from  the  Army  to  join  the  Faculty  of  the  Uni- 
versity of  California,  as  Assistant  Professor  of  Mathematics.  In  1872 
the  Board  of  Regents  established  the  Department  of  Civil  Engineering 
by  creating  a  chair  for  that  subject;  and  on  the  appointment  of  Pro- 
fessor Soule  to  that  chair,  they  added  Astronomy  to  his  responsibilities. 

The  records  of  the  University  of  California  for  the  period  ending 
with  1880  will  show  how  prominent  was  the  work  of  Professor  Soule 
in  those  early  days.  He  not  only  gave  his  time  to  Mathematics,  Astron- 
omy, and  Engineering,  but  also  organized  the  Military  Department. 
In  1886  the  Students'  Astronomical  Observatory  was  designed  and 
built  by  him  with  special  State  appropriations.  In  the  next  ten  years, 
under  his  direction  and  with  the  co-operation  of  the  late  Professor 
George  Davidson,  Hon.  M.  Am.  Soc.  C.  E.,  many  important  geodetic 
studies  were  maintained  and  measurements  made.  He  inaugurated 
the  Weather  Bureau  Record,  which  later  was  distributed  by  the 
Department  of  Astronomy,  and  now  is  reported  by  the  Department  of 
Geography.  In  1890,  the  exacting  demands  of  the  rapidly  growing- 
Civil  Engineering  College  forced  Professor  Soule  to  relinguish  his 
interests  in  astronomical  work,  although  he  retained  the  title  of  Pro- 
fessor of  Astronomy  with  that  of  Civil  Engineering  for  several  years 
aftei-ward.  In  the  early  Nineties,  after  a  visit  to  prominent  Eastern 
and  European  schools,  he  built  and  equipped  a  testing  laboratory  which 
from  a  modest  beginning  has  grown  into  the  present  Experiment  Sta- 
tion of  the  Civil  Engineering  Department. 

*  Memoir  prepared  by  C.  Derleth,  Jr.,  M.  Am.  Soc.  C.  E. 
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Professor  Souli'  coiitiiuicd  in  the  active  service  of  the  University 
as  Professor  of  Civil  Engineering  and  as  Dean  of  the  College  of 
Civil  Engineering  until  the  summer  of  1907,  a  period  of  38  years. 
In  1907  he  spent  a  sabbatical  year  in  foreign  travel,  visiting  Egypt 
and  most  of  the  countries  of  Europe.  On  liis  return  to  California  in 
1008.  he  was  retired  on  the  Carnegie  Foundation,  becoming  Professor 
Emeritus  of  Civil  Engineering.  Although  his  active  work  ha.d  ceased, 
he  still  retained  a  deep  interest  in  the  welfare  and  rapid  growth  of  the 
College  which  he  bad  organized.  It  is  given  to  few  men  to  serve  an 
institution  for  a  span  of  44  years  and  in  such  varied  capacities. 

He  was  a  man  of  multifarious  tasks  and  of  many-sided  usefulness. 
No  one  was  in  closer  touch  with  the  students  than  he,  both  by  virtue 
of  his  one-time  office  as  Commandant  of  the  Cadets  and  by  the  nature 
of  his  own  interests.  He  was  a  military  man  in  bearing  and  in  thought, 
and  believed  in  discipline  and  in  authority.  He  laid  upon  himseK  the 
heavy  hand  of  self-control,  but  was  always  kindly  toward  and  thoughtful 
of  others,  and,  above  all  things,  was  a  man  of  unfailing  courtesy. 

During  the  last  ten  years  of  his  service,  it  was  his  deserved  pleasure 
to  witness  the  great  expansion  of  the  Engineering  Colleges  of  the  Uni- 
versity. From  1870  to  1900  his  school,  like  San  Francisco,  developed 
slowly.  It  was  about  1895  that,  as  a  University,  California  began  to 
grow  with  leaps  and  bounds.  In  his  immediate  Civil  Engineering 
College  a  Department  of  Irrigation  was  established;  courses  relating 
to  Forestry  and  Public  Health  were  planned;  and  the  relations  between 
Agriculture  and  Engineering  Avere  defined.  Sanitary  studies  formed 
a  vital  part  of  the  curriculum,  and  instructors  in  Municipal  and  Sani- 
tary Engineering  were  called  to  co-operate  with  the  Medical  Depart- 
ment in  Bacteriology,  Animal  Industry,  and  Hygiene.  In  Civil  Engi- 
neering there  is  now  close  contact  between  the  sanitary  instructors  and 
the  interests  of  the  University  known  as  Domestic  Science.  The  Pro- 
fessors of  Sanitation  and  Irrigation  are  concerned  with  the  practical 
Agricultural  School  at  Davis.  The  Structural  Departments  are  associ- 
ated with  Architecture,  no  less  than  with  Engineering.  The  Testing 
Laboratory  is  in  touch  with  State  problems.  Surveying  courses  lead 
to  instruction  in  Geodesy,  through  which  channel  the  students  are 
brought  in  contact  with  the  Department  of  Astronomy.  Through  rail- 
road work  they  deal  with  Economics;  by  the  writing  of  contracts  and 
specifications  they  lean  on  the  Law;  in  the  design  of  buildings  they 
become  interested  in  fire-proof  construction,  fire  protection,  and  pre- 
vention, and  are  led  to  commune  with  the  Departments  of  Economics 
and  Insurance.  All  these  relationships  now  exist,  are  daily  developing, 
and  are  bringing  Civil  Engineering  into  closer  sympathy  and  bond 
with  the  University.  Professor  Soule  served  his  University  for  44  years; 
he  saw  it  start  from  the  humblest  beginning,  and  witnessed  its  growth 
into  one  of  the  most  powerful  institutions  in  the  country,  a  University 
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which,  in  1913,  is  second  in  numbers  in  the  United  States.  More- 
over, as  an  Instructor  in  Engineering  he  lived  through  those  eventful 
years  in  the  development  of  Engineering  Education — from  the  pioneer 
days  of  instruction  in  Applied  Science  to  the  present  decade  of  great 
promise. 

Professor  Soule  vpas  always  interested  in  the  public  affairs  of  the 
community  in  which  he  lived.  Whenever  a  movement  looking  to  a 
betterment  in  politics  and  community  life  developed  in  California  in 
recent  years,  that  movement  found  in  him  a  ready  helper.  In  earlier 
days  his  active  interest  was  in  Oakland ;  later,  this  was  transferred 
to  Berkeley,  where  he  was  a  member  of  the  Committee  which  framed 
the  now  famous  New  Charter  for  that  city.  He  was  an  active  member 
of  the  City  Club  of  Berkeley,  and  often  presided  and  spoke  at  citizens' 
meetings. 

As  Professor  Soule  gave  much  of  his  energy  and  life  to  community 
interests  and  problems,  it  was  only  natural  that  he  should  be  associated 
with  many  societies.  He  was  a  member  of  the  Association  of  Gradu- 
ates of  the  U.  S.  Military  Academy,  and  of  the  Loyal  Legion,  U.  S.  A. ; 
Colonel  in  the  National  Guard;  life  member  of  the  Geographical  So- 
ciety of  the  Pacific;  member  of  the  Society  of  Mayflower  Descendants; 
and  life  member  of  the  Society  of  California  Pioneers.  For  many 
years  he  was  a  member  of  the  Athenasn  Club\  of  Oakland,  and  of  the 
University  Club  and  the  Bohemian  Club  of  San  Francisco. 

Professor  Soule  did  not  practice  continuously  his  Profession  as-  a 
Designing  and  Consulting  Engineer;  he  was  too  busy  with  educational 
and  social  tasks,  as  already  stated.  Nevertheless,  for  thirty  years  he 
was  a  force  in  Engineering  circles  in  the  State  of  California,  often 
serving  in  an  advisory  capacity  or  as  a  Consulting  Engineer.  He  was 
a  judge  of  materials  and  their  tests,  and  frequently  reported  on  road, 
street,  sewer,  a,nd  water  supply  projects  for  Berkeley,  Oakland,  and 
other  growing  tovsms  and  cities.  Perhaps  his  most  important  reports 
were  those  which  related  to  irrigation  studies  in  the  San  Joaquin  Valley 
and  to  the  difficult  foundation  problems  for  the  Perry  Building  and 
adjoining  docks  in  San  Francisco. 

He  is  survived  by  his  widow,  Mrs.  Adelaide  S.  Soule,  and  two  sons. 

Professor  Soule  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  March  1st,  1905. 


ARTHUR  GARFIELD  CRYSLER,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  October  22d,  1912. 


Arthur  Garfield  Crysler,  the  son  of  George  and  Harriet   (Safford) 
Crysler,   was  born   at   Syracuse,   N.   Y.,   on   April   24th,    1880.     After 
going  through  the  graded  schools  and  the  Syracuse  High  School,  he 
*Memoir  prepared  by  Guy  Moulton,  M.  Am.  Soc.  C.  E. 
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entered  Syracuse  University  in  1900,  and  was  graduated  in  1904,  with 
the  degree  of  C.  E. 

Immediately  after  his  graduation,  Mr.  Crysler  entered  the  service 
of  New  York  State  as  Rodman  in  the  Department  of  the  State  Engi- 
neer and  Surveyor.  He  was  assigned  to  work  on  the  preliminary 
surveys,  plans,  and  estimates  of  Contract  No.  12,  of  the  Barge  Canal. 
In  1907  he  was  made  Assistant  Engineer  and  placed  temporarily  in 
charge  of  that  portion  of  Contract  No.  12  between  Brewerton  and 
Three  Rivers,  on  the  Oneida  River,  12  miles  of  heavy  work,  including 
one  lock.  He  did  so  well  that  the  temporary  appointment  was  made 
permanent,  and  he  was  in  charge  of  the  work  at  the  time  of  his  death. 

On  June  26th,  1906,  Mr.  Crysler  was  married  to  Mi.ss  Pearl  LaShier, 
of  Ithaca,  N.  Y.,  who,  with  three  children,  survives  him. 

Mr.  Crysler  was  elected  Associate  Member  of  the  American  Society 
of  Civil  Engineers  on  August  31st,  1909.  He  was  also  a  member  of 
the  Technology  Club  of  Syracuse,  N.  Y. 


STEPHEN  H0LM4N,  F.  Am.  Soc.  C.  E. 


Died  Octobkr  Ioth,  1912. 


Stephen  Holman  was  born  at  Royalston,  Mass.,  on  December  28th, 
1820.  He  was  the  son  of  Stephen  and  Hannah  (Fuller)  Holman  whose 
ancestors  settled  at  Newburyport,  Mass.,  early  in  the  Eighteenth 
Century,  several  having  served  in  the  War  of  the  Revolution. 

On  the  death  of  his  father  in  1832,  the  boy  went  to  live  with  his 
half-brother  at  Saugus,  Mass.  After  attending  school  at  Saugus 
Centre,  he  entered  the  Lynn  Academy  where  he  prepared  for  college. 
He  was  graduated  from  Williams  College  in.  the  Class  of  1840.  After- 
ward, he  studied  law  and  was  admitted  to  the  bar,  but  never  practiced 
that  profession  to  any  extent,  pi-eferring  that  of  teaching.  Eor  a  num- 
ber of  years  he  served  as  principal  of  high  schools  and  academies  at 
Winchester,  N.  H.,  Gardner,  Athol,  Phillipston,  Fitchburg,  and 
Holyoke,  Mass. 

While  in  the  latter  city  Mr.  Holman  was  employed  as  Paymaster  at 
the  Lyman  Mills,  and,  in  1860.  bought  a  controlling  interest  in  the 
Holyoke  Paper  Company,  which  lie  managed  with  conspicuous  ability. 
In  1865  he  sold  his  interest  in  that  Company  and  established  the 
Holyoke  Machine  Company,  and,  later,  a  branch  of  the  same  company 
at  Worcester,  Mass.  He  also  founded  the  Deane  Steam  Pump  Com- 
pany, of  Holyoke,  and  became  interested  in  a  number  of  cotton  mills 
and  also  in  the  American  Toleiihone  Company. 

*  Memoir  prepared  by  the  Secretary  from  iuformation  supplied  by  C.  J.  H.  Woodbury, 
M.  Am.  Soc.  C.  E. 
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Mr.  Holman  was  very  successful  in  business,  and  this  success  was 
due  in  part  to  liis  power  of  initiation.  He  was  the  originator  of  many- 
new  methods  of  reducing  business  to  a  scientific  basis,  and  was  the  first 
to  establish  the  present  methods  of  cost-keeping  in  paper  mills.  An 
example  of  his  original  methods  was  the  establishment  of  a  testing 
flume  at  the  works  of  the  Deane  Steam  Pump  Company,  at  Holyoke, 
by  which  every  water-wheel  manufactured  at  the  plant  could  be  tested, 
as  to  head  and  power,  under  actual  service  conditions,  thereby  guaran- 
teeing them  to  purchasers.  This  flume  was  also  placed  at  the  disposal 
of  any  manufacturer  who  cared  to  make  use  of  it  for  testing. 

Mr.  Holman  retained  his  physical  and  mental  vigor  until  his 
death,  keeping  in  close  touch  with  his  business  interests.  He  vpas  a 
student  and  an  accomplished  linguist,  never  losing  touch  with  his 
college  studies,  especially  that  of  the  German  language  and  literature 
of  which  he  was  particularly  fond.  At  the  age  of  ninety  he  gave  a 
reading  from  Schiller's  plays  before  a  German  association. 

He  was  a  brilliant  conversationalist,  and,  having  a  wonderful  range 
of  general  knowledge,  could  entertain  others  no  matter  what  their 
tastes  and  experiences  in  life  had  been.  He  was  tenacious  in  his  friend- 
ships, particularly  with  men,  his  cultured  mind  and  strength  of  intellect 
making  him  a  dominating  figure  in  personal  associations  and  in  busi- 
ness life. 

Fondness  for  Nature  was  one  of  Mr.  Holman's  strong  character- 
istics, which  was  gratified  by  extensive  travel  in  this  country  and  in 
Europe.  He  had  just  returned  from  a  European  trip  when  he  was 
seized  with  a  sudden  attack  of  neuralgia  of  the  heart  which  caused  his 
death  at  Swampscott,  Mass. 

On  April  12th,  1853,  Mr.  Holman  was  married  to  Miss  Hannah 
A.  Richardson,  of  Lowell,  Mass.,  who  died  in  1894.  He  is  survived 
by  a  son  and  a  daughter. 

He  was  a  Member  of  the  Mt.  Tom  Lodge,  A.  F.  and  A.  M.,  and 
of  many  other  organizations.  At  the  time  of  his  death  he  was  the  oldest 
Alumnus  of  the  Lynn  Academy  and  of  Williams  College.  He  was  also 
the  Senior  Mason  and  the  Senior  Member  of  the  Massachusetts  bar. 

Mr.  Holman  was  elected  a  Fellow  of  the  American  Society  of  Civil 
Engineers  on  June  29th,  1872. 
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Special    Com  mi  it  tees 

On  Concrete  and  Reinforced  Concrete  :  Joseph  R.  Worcester,  J.  E.  Greiner, 
W.  K.  Hatt,  Olat  Hoff,  Richard  L.  Humphrey,  Robert  W.  Lesley,  Emll  Swensson. 
A.  N.  Talbot. 

On  Engineering   Education  :   Desmond  FitzGerakl,   Onward   Bates,   D.   W.   Mearl. 

On  Steel  Columns  and  Struts  :  Austin  L.  Bowman.  Emil  Gerber,  Charles  F. 
Loweth,  Ralph  Modjeski.  Frank  C.  Osborn,  George  H.  Pegram,  Lewis  D.  Rights. 
George  F.  Swain,  Emil   Swensson,  Joseph  R.   Worcester. 

On  Bituminous  Materials  for  Road  Construction  :  W.  W.  Crosby,  A.  W. 
Dean,  H.  K.  Bishop,  A.  H.   Blanchard. 

On  Valuation  of  Public  Utilities  :  Frederic  P.  Stearns,  H.  M.  Byllesby, 
Thomas  H.  Johnson,  Leonard  Metcalf,  Alfred  Noble,  William  G.  Raymond, 
Jonathan  P.   Snow. 

To  Investigate  Conditions  of  Employment  of,  and  Compensation  of. 
Civil  Engineers  :  Alfred  Noble,  S.  L.  F.  Deyo.  Dugald  C.  Jackson,  William  V. 
Judson,   George  W.   Tillson,   C.   F.    Loweth,   John   A.   Bensel. 

To  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Fotjnda- 
tions,  etc.  :  Robert  A.  Cummings,  Edward  C.  Shankland,  Edwin  Duryea,  Jr., 
James  C.   Meem,   Walter  J.   Douglas,   Samuel   T.    Wagner,   Frank  M.   Kerr. 


The  House  of  the   Society   is   open   from  9   a.   m.    to   10   p.   m.   every   d^^v,   except 
Sundays,  Fourth  of  July,   Thanksgiving  Day,   and  Christmas  Day. 

House  of  the  Society — 220  West  FiFTY-SE\rENTH  Street,  New  York. 

Telephone   Number 5913   Columbus. 

Cable   Address "Ceas,   New  York." 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


May  2ist.  1913.— The  meeting  was  called  to  order  at  8.30  p.  m.; 
Vice-President  J.  Waldo  Smith  in  the  chair;  Charles  Warren  Hunt, 
Secretary ;  and  present,  also,  89  members  and  15  guests. 

A  paper  by  John  R.  Nichols,  Jun.  Am.  Soc.  C.  E.,  entitled  "Statical 
Limitations  Upon  the  Steel  Requirement  in  Reinforced  Concrete  Flat 
Slab  Floors,''  was  presented  by  the  author,  who  illustrated  his  remarks 
with  lantern  slides. 

The  Seci-etary  read  coiinnunications  on  the  subject  from  Messrs. 
L.  J.  Mensch,  C.  A.  P.  Turner,  H.  T.  Eddy,  and  Edward  Godfrey,  and 
the  parj^r  was  discussed  orally  by  Messrs.  W.  W.  Crehore,  A.  W.  Buel, 
E.  S.  Martin,  and  the  author. 

A  paper  by  Dunbar  D.  Scott,  M.  Am.  Soc.  C.  E.,  entitled  "Recent 
Improvements  in  Leveling  Instruments,"  was  presented  by  title  only. 
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The  following  resolution  was  presented  by  the  Secretary  in  behalf 
of  W.  P.  Darwin,  Assoc.  M.  Am.  Soc.  C.  E. : 

"Moved:  That  this  Society  appoint  a  committee  of  five  to  prepare 
an  Ideal  Building  Code  to  govern  the  general  and  essential  features  of 
construction  of  buildings  in  our  American  cities." 

On  motion,  duly  seconded,  the  resolution  was  referred  to  the  Board 
of  Direction. 

The  Secretary  announced  the  following  deaths : 

Adolphus  Bonzano,  elected  Member,  August  7th,  1872;  died  May 
5th,  1913. 

Samuel  Lispenard  Cooper,  elected  Member,  February  6th.  1889; 
died  May  8th,  1913. 

William  Napier  Eadenhurst,  elected  Junior,  July  7th,  1875;  Mem- 
ber, July  7th,  1880;  date  of  death  unknown. 

Robert  Wilson  Sayles,  elected  Associate  Member,  April  5th,  1905; 
Member,  May  5th,  1908;  died  May,  1913. 

Adjourned. 

June   4th,  I9i3« — The  meeting  was  called  to  order  at  8.30  p.  m.; 

Vice-President  J.  Waldo  Smith  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  140  members  and  12  guests. 

The  Secretary  announced  that  a  Philadelphia  Association  of  Mem- 
bers of  the  American  Society  of  Civil  Engineers  had  been  formed,  with 
the  approval  of  the  Board  of  Direction. 

The  Secretary  announced  that  the  Board  of  Direction  had  decided 
to  appoint  a  Special  Committee  to  investigate  the  advisability  of 
drafting  a  National  Water  Law,*  and  also  a  Special  Committee  to  study 
the  question  of  Floods,  Flood  Prevention,  and  other  Allied  Subjects. f 

The  Secretary  announced  that  the  Board  of  Direction  had  con- 
sidered the  matter  of  the  appointment  of  a  committee  to  prepare  an 
Ideal  Building  Code,  but  deemed  it  inadvisable  to  appoint  such  a 
committee.:}: 

The  following  motion  was  offered  by  J.  P.  Snow,  M.  Am.  Soc.  C.  E. : 
"That  it  is  the  sense  of  this  meeting  that  the  American  Society  of 
Civil  Engineers  should  appoint  a  Special  Committee  to  act  jointly  with 
the  American  Railway  Engineering  Association  in  studying  and  ex- 
perimenting on  the  stresses  in  railroad  rails,  ties,  etc." 

The  motion,  being  duly  seconded,  was  carried. 

Mr.  Snow  moved,  further : 

"That  the  matter  of  appointing  this  Committee  be  left,  with  the 
Board  of  Direction  with  full  power." 

*  See  page  417. 
+  See  page  417. 
t  See  page  417. 
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This  iiiotidii,  beiufr  duly  seconded,  was  carried. 

A  i)a[)er  by  Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E.,  entitled 
"The  Elevation  of  the  Tracks  of  the  Philadelphia,  Germantown  and 
Norristown  Railroad,  Philadelphia,  Pa.,"  was  presented  by  the  author 
and  illustrated  with  lantern  slides.  The  paper  was  discussed  by  Messrs. 
-T.  P.  Snow,  E.  W.  Lewis,  E.  J.  Rights,  C.  R.  Harte,  and  the  author. 

On  motion,  owing  to  the  lateness  of  the  hour  and  the  absence  of  the 
author,  the  paper  entitled  "The  Philosophy  of  Engineering,"  by  Maurice 
(J.  Parsons,  Jun.  Am.  Soc.  C.  E.,  was  not  read,  but  was  presented  by 
title  only.  The  Secretary  read  communications  on  the  subject  from 
Messrs.  Lewis  ^L  Haupt,  Charles  Kirby  Fox,  A.  H.  Markwart,  and 
^forgan  Cilley. 

Tlie  Secretary  announced  the  election  of  the  following  candidates 
on  June  4th,  1913: 

As  Members 

Geokge  Harmon  Bayles,  Dobbin,  W.  Va. 

Horatio  Bevax  Bowerman,  Baltimore,  Md. 

Edgar  Dudley  Cruise,  Ashton,  Idaho 

TiiuRSTOX  Carlyle  Culyer,  Purdy  Station,  N.  Y. 

Charles  Frommer,  Philadelphia,  Pa. 

Henry  Stuart  Johnson,  Honolulu,  Hawaii 

George  Clark  Mills,  Rochester,  N.  Y. 

Juan  Real  y  Gaillard,  Santiago  de  Cuba,  Cuba 

Charles  Montieth  Redfield,  Des  Chutes,  Ore. 

John  McClure  Salmon,  Louisville,  Ky. 

Ferdinand  Emil  Toenniges,  Cambridge  Springs,  Pa. 

John  Abbet  Walls,  Baltimore,  Md. 

Cyril  Williams,  Jr.,  San  Francisco,  Cal. 

As  Associate  Members 

Daniel  Wesley  Albert,  Juab,  Utah 

Clarence  Nully  Black,  Beaumont,  Tex. 

William  Harris  Boardman,  Newark,  N.  J. 

LIaig  ^Iilton  Boyajohn,  Portland,   Ore. 

Barnett  Braslovv,  New  York  City 

James  Gregory  Brennan,  Albany,  N.  Y. 

John  !NfAUGiis  TjRown,  Vermilion,  S.  Dak. 

Eugene  Burnell,  New  York   City 

Philip  Chapin  Davis,  Bridgeport,  Conn. 

Frank  Warwick  Decker,  Manila,  Philippine  Islands 

Charles  Edwin  Dexter,  White  Sulpher  Springs,  W.  Va. 

Harry  Henry  Frost,  Akron,  Ohio 

Chester  Francis  Gailor,  Hartford,  Conn. 

George  Augustus  Graves,  Trenton,  N.  J. 

Russell  de  Costa  Greene,  Knoxville,  Tenn. 
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Jules  Edmond  Hanique,  East  Auburn,  Cal. 

Clarence  Haller  Harlan,  Millvale,  Pa. 

Benjamin  Franklin  Heidel,  Washin^on,  D.  C. 

Herbert  Davis  Hinman,  Corozal,  Canal  Zone,  Panama 

Joel  Manning  Howard,  Watertown,  N.  Y. 

John  Patrick  Hurley,  Brooklyn,  N.  Y. 

Jacob  Louis  Jacobs,  Chicago,  111. 

Percy  John  Jennings,  Calgary,  Alberta,  Canada 

Edward  Dyer  Kingman,  East  Lansing,  Mich. 

EoY  Alton  Klein,  Orenco,  Ore. 

James  Duncan  Knapp  Lyman,  Mt.  Vernon,  Ohio 

Hugh  Miller,  Potsdam,  N.  Y. 

Edwin  Thaddeus  Albinus  Morris,  New  York  City 

Michael  Joseph  O'Hara,  Hudson,  N.  Y. 

Carey  Simon  Pratt,  Urbana,  Ohio 

George  William  Rathjens,  St.  Paul,  Minn. 

Warner  Irelan  Risley,  Atlantic  City,  N.  J. 

Lyman  Chambers  Shank,  Cleveland,  Ohio 

Herbert  James  Smith,  East  Haddara,  Conn. 

Frederick  Spengler,  Spokane,  Wash. 

Edward  Ahlert   Stuhrman,   Brooklyn,   N.  Y. 

Hubert  Southwick  Tullock,  Leavenworth,  Kans. 

James  Thompson  Wardiaw,  Atlanta,  Ga. 

Robert  Culin  White,  Wynne,  Ark. 

Edward  Charles  Wild,  Chicago,  111. 

As  Juniors 

WiLLUM  Selby  Allan,  Chicago,  111. 

Charles  Benjamin  Brush,  New  York  City 

Norman  Arthur  Deiser,  Brooklyn,  N.  Y. 

John  Robert  Haswell,  Easton.  Md. 

Charles  Willum  Grabe  Haydock,  Philadelphia,  Pa. 

Arcadius  Lars  Peter  Johnson,  New  York  City 

John  Arthur  Kelly,  Keokuk,  Iowa 

Charles  Lysander  Rakestraw,  Berkeley,  Cal. 

William  Walker  Ruggles,  Seattle,  Wash. 

Carl  Edward  Sandstedt,  Kahului,  Maui,  Hawaii 

Archie  Merle  Truesdell,  Vancouver,  B.  C.,  Canada 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  June  4th,  1913: 

From  Associate  Member  to  Member 

William  Wesley  Amburn,  Portland,  Ore. 
Edward  Smith  Cole,  New  York  City 
Walton  Pruett  Darwin,  Jacksonville,  Fla. 


Aupiist.  IDin.l  MIXUTES  OF  MEETINGS  411 

Lkonard  Smith  Dotkx,  Washiiicrtnn.  D.  C. 

JoHX  DuDER,  Salt  Lake  City,  Utah 

JoHX  Howell  Griffith,  Pittsburs-h,  Pa. 

Howard  Benson  Wilbeuforce  Howie,  Chattanooga,  Tenn. 

William    Henry   Insley,    Indianapolis,    Ind. 

Maurice  Joseph  Leahy,  PowpII  Kiver,  B.  C,  Canada 

George  Nathan  Mitcham,  Auburn,  Ala. 

Howard   Cawthorne  Phh^lips,   Chicago,  111. 

Arthur  Henry  Pratt,  White  Plains,  N.  Y. 

Hermann  Victor  Schreiber,  Philadelphia,  Pa. 

Chart,es  Joseph  Tilden,  Ann  Arbor,  Mich. 

Herbert  Joseph  Wild,  Chester,  Pa. 

From  Associate  to  Member 
John  Coffee  Hays,  Visalia,  Cal. 

From  Junior  to  Associate  Me:mber 

Claude  Isaac  Auten,  Lewiston,  Me. 
George  Farle  Burnham,  Manila,  Philippine  Islands 
John  Richard  Caiiill,  San  Francisco,  Cal. 
Henry  William  Corp,  Manila,  Philippine  Islands 
PiNKNEY  Edward  Cunningham,  Vicksburg,  Miss. 
EoGKRTON  Chester  Garvin,  Augusta,  Ga, 
Chester  Mason  Gould,  Cold  Spring,  N.  Y. 
MiLo  Clinton   ILvlsey,  Monrovia,  Cal. 
Alexander  Sydney  Lynch,  Stamford,  Conn. 
William  Clyde  Willard,  Oakland,  Cal. 
The  Secretary  announced  the  death  of  Horace  Theophilus  Her- 
KiCK,  elected  Member,  October  29th,  1912;  died  May  26th,  1913. 

Adjourned. 
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FORTY-FIFTH  ANNUAL  CONVENTION, 
HELD  IN  OTTAWA,  ONT.,  CANADA,  JUNE  17TH-20TH,  1913 


FIRST  SESSION 


Tuesday,  June  17th,  1913 — The  first  session  of  the  Convention 
was  opened  at  the  Chateau  Laurier  at  3  p.  m.;  C.  H.  Keefer.  M.  Am. 
Soc.  C.  E..  Chairman  of  the  Joint  Committee  of  members  of  the 
Canadian  and  American  Societies  and  also  Chairman  of  the  Local 
Committee,  introduced  the  Hon.  Martin  Burrell,  Minister  of  Agricul- 
ture for  Canada,  and  His  Worship,  Mayor  Ellis,  of  Ottawa.  These 
gentlemen  addressed  the  meeting  and  welcomed  the  members  to  the 
Dominion  of  Canada  and  the  City  of  Ottawa.  George  F.  Swain,  Presi- 
dent, Am.  Soc.  C.  E.,  replied  on  behalf  of  the  Society. 

Adjourned. 

SECOND  SESSION 

Wednesday,  June  i8th,  1913.— The  meeting  was  called  to  order 
at  10  A.  u.;  President  George  F.  Swain  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  about  150  members  and  gviests. 

The  President  delivered  the  Annual  Address.t 

Adjourned. 

THIRD  SESSION,  BUSINESS  MEETING  } 

Wednesday,  June  i8th,  I9i3. — Immediately  after  the  President 
had  delivered  the  Annual  Address,  the  Business  Meeting  was  called 
to  order  by  the  President. 

The  Secretary  presented  a  report  on  the  suggestions  of  luembers 
as  to  the  Time  and  Place  for  holding  the  Annual  Convention  of  1914.§ 

The  Secretary  also  presented  a  letter  from  C.  C.  FitzGerald,  M.  Am. 
Soc.  C.  E.,  inviting  the  Society  to  hold  its  next  Annual  Convention 
in  Havana,  Cuba.|| 

On  motion,  duly  seconded,  the  matter  of  the  selection  of  the  Time 
and  Place  for  holding  the  next  Annual  Convention  was  referred  to 
the  Board  of  Direction,  with  power. 

The  Secretary  presented  a  report  of  the  Board  of  Direction  on 
"Improvement  in  the  Methods  of  the  Presentation  of  Papers. "U 

The  Secretary  presented  a  proposed  amendment  to  Article  VII  of 
the  Constitution.** 

♦The  report  in  full  of  this  meeling  is  on  page  419. 

+See  page  1237  of  Papers  and  Discussions. 

IFor  the  Report  in  Full  of  the  Business  Meeting,  see  page  423. 

§See  page  424. 

llSee  page  425. 

usee  page  429. 

**See  page  430. 
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On  nioticiii.  iliily  socoiidi'd.  it  was  decided  to  consider  tlie  two  pro- 
posed iinicmluR'ntri  to  Article  VII  separately. 

On  motion,  duly  seconded,  the  meeting  expressed  its  approval  of 
Section  1,  Article  VII.  of  the  proT)Osed  amendment. 

The  Secretary  read  the  second  iiroposed  amendment  to  Article  VII 
of  the  Constitution.* 

On  motion,  duly  seconded,  the  whole  matter  of  the  proposed  amend- 
ments to  Article  VII  of  tlie  Constitution  was  referred  to  a  committee 
of  five  to  be  appointed  by  the  President. 

The  Secretary  read  a  proposed  amendment  of  Articles  V  and  VI 
of  the  Constitution.! 

Tlie  Secretary  also  read  a  communication  on  the  subject  signed 
by  a  large  number  of  members.:}: 

On  motion,  duly  seconded,  the  proposed  amendments  to  Articles 
V  and  VI,  together  with  the  communication  read  by  the  Secretary, 
were  referred  to  the  committee  to  be  ai:)pointed  by  the  President  to 
eon.sider  the  proposed  amendments  to  Article  VII. 

The  Secretary-  announced  that  a  Philadelphia  Association  of  Mem- 
bers of  the  American  Society  of  Civil  Engineers  had  been  formed,  and 
that  its  Constitution  had  been  approved  by  the  Board  of  Direction. 

The  Secretary  announced  that  the  Board  of  Direction  had  decided 
to  appoint  a  Special  Committee  to  investigate  the  advisability  of  draft- 
ing a  National  Water  Law  applicable  to  all  navigable,  interstate,  and 
other  waters  within  the  jurisdiction  of  the  United  States,  and  em- 
bracing all  uses  of  water,  etc.,  and  would  take  up  the  matter  in  the 
near  future. 

The  Secretary  also  announced  that  the  Board  of  Direction  had  de- 
cided to  appoint  a  Special  Committee  to  study  the  question  of  Floods, 
Flood  Prevention,  and  other  allied  subject.s,  and  would  take  up  the 
matter  in  the  near  future. 

The  Secretary  announced  that  the  Board  of  Direction  had  decided 
that  "it  is  not  advisable  to  apjjoint  a  Special  Committee  to  prepare 
an  Ideal  Building  Code  to  govern  the  general  and  essential  features 
of  construction  of  buildings  in  our  American  Cities." 

The  Secretary  reported  that  the  Board  of  Direction  now  had  under 
consideration  the  question  of  the  appointment  of  a  Special  Committee 
to  act  jointly  with  the  American  Railway  Engineering  Association  in 
studying,  and  experimenting  on,  the  stresse.s  in  railroad  rails,  ties,  etc. 

The  Secretary  presented  a  communication  from  Percival  M. 
Churchill,  Assoc.  M.  Am.  Soc.  C.  E.§ 

On  motion,  duly  seconded,  the  communication  was  referred  to  the 
Board  of  Direction. 

*see  page  4.33. 
+See  page  442. 
JSee  page  443. 
§See  page  451. 
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The  Secretary  made  a  brief  announcement  in  reference  to  the 
International  Engineering  Congress  to  be  held  in  connection  with  the 
Panama-Pacific  International  Exposition  in  1915  in  San  Francisco. 

Adjourned. 

ELECTIONS    AND    TRANSFERS    BY    THE    BOARD  OF    DIRECTION, 

JULY   3D,   1913 

Elected  as  Members 

James  Hobart  Allport,  Barnesboro,  Pa. 
Sherwood  Alfred  Cheney,  San  Francisco.  Cal. 
Wayne  Almon  Clark,  Duluth,  Minn. 
Felix  Ferras,  Sao  Paulo,  Brazil 
Albert  Claude  Hobart,  New  York  City 
Ralph  Hills  Howard.  Jackson,  Miss. 
Lewis  Abxkr  Howland,  Far  Rockaway,  N.  Y. 
HuRD  Clarence  Hurd,  Barcelona,  Spain 
William  Simpson  Keller,  Montgomery,  Ala, 
DoRSEY  Julian  Parker,  Birmingham,  iVla. 
Jasper  Marion  Phillips,  Mondak,  Mont. 
Frederick  Jarrett  Reinke,  St.  Louis,  Mo. 
John  Thomas  Simpson,  Newark,  N.  J. 
Lloyd  Duvall  Smoot,  Jacksonville,  Fla. 
James  Theodore  Voshell,  Washington,  D.  C. 
OsMAR  Lysander  Waller,  Pullman,  Wash. 
Philip  Ridsdale  Warren,  Montreal,  Que.,  Canada 

Elected  as  Associate  Members 

Augustus  Waterous  Agnew,  Prince  Rtipert,  B.  C,  Canada 

Francis  Cyrus  Bagby,  St.  Louis,  Mo. 

Albert  Ross  Bailey,  Ann  Arbor,  Mich. 

John  Cecil  Black,  Los  Angeles,  Cal. 

Robert  Alexander  Black,  Quebec,  Que.,  Canada 

Clarence  Morrison  Brooks,  Keene,  N.  H. 

Oscar  Harold  Bundy,  Washington,  D.  C. 

George  Hitchell  Bunker,  East  Boston,  Mass. 

Charles  Edward  Cate,  Empalme,  Sonora,  Mexico 

Abraham  Burton  Cohen,  East  Orange,  N.  J. 

Robert  Mavin  Cooksey,  Baltimore,  Md. 

George  Evelyn  Doyen,  New  York  City 

Bjarne  Nicolas  Polling,  Dallas,  Tex. 

Charles  Worthington  Fowler,  San  Juan,  Porto  Rico 

Harvey  Lockhart  Handley,  Yankee,  N.  Mex. 

William  Glenn  Hoyt,  St.  Paul,  Minn. 
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Fi{i;ni:iucK  Brice  Irvink,  St.  Marc,  Haiti 

Edwin  Warley  James,  Washington,  D.  C. 

Lee  Morgan  Jones,  Port  Arthur,  Ont.,  Canada 

Ernest  William  Kohl,  Jr.,  Santiago  de  Cuba,  Cuba 

Carl  Armor  McClelland.  Mihier,  Idaho 

James  Joseph  Murphy,  Detroit,  Mich. 

Charles  Lawson  Patterson,  Pueblo,  Colo. 

Robert  William  Pommerer,  New  York  City 

Cecil  Latta  Reid,  Fredericksburg,  Va. 

Claud  Russell,  Cebu,  Philippine  Islands 

Verney  Warren  Russell,  Cody,  Wyo. 

John  Archibald  Shaw,  Manila,  Philippine  Islands 

Roe  Loomis  Stevens,  Seattle,  Wash. 

John  Dickson  Stevenson,  Pittsburgh,  Pa. 

Herman  Otto  Weiss,  Washington,  D.  C. 

Oscar  Frederick  Wodrich,  Minneapolis,  Minn. 

Frederick  Calhoun  Wyse,  Columbia,  S.  C. 

Elected  as  Associate 

Nathan   Chamberlain  Rockwood,   Brooklyn.   N.   Y. 

Elected  as  Juniors 

Stanley  James  Clausen,  St.  Louis,  Mo. 

Ralph  Moses  Gray,  Sacramento,  Cal. 

Charles  Sumner  Heidel,  Helena,  Mont. 

Harold  Joseph  Horan,  St.  I^ouis,  Mo. 

Bennett  Kaminsky,  Indianapolis.  Ind. 

Frkd  Roy  Krach,  Rock  Island,  111. 

John  Owen  Miller,  Palo  Alto,  Cal. 

Clarence  Edgar  Morrow,  Boston,  Mass. 

Charles  Douglas  Yelverton  Ostrom,  San  Francisco.  Cal. 

Alston  Orange  Rose,  Hilo,  Hawaii 

Joseph  Rose,  New  York  City 

George  Sampson  Squibb,  Brookline,  Mass. 

James  Robert  Stewart,  Kansas  City,  Mo. 

James  Joseph  Tobin,  Boston,  Mass. 

Transferred  from  Associate  Member  to  Member 

Wilfred  Keefer  Barnard,  Alhambra,  Cal. 
Paul  Beer,  Des  Moines,  Iowa 
GuRDON  Gilmore  Black,  St.  Louis,  Mo. 
Lowell  Edwin  Conrad,  Manhattan,  Kans. 
Willlvm  Henry  Gravell,  Philadelphia.  Pa. 
Louis  Wells  Hall,  Portland,  Ore. 
George  Arthur  Johnson,  New  York  Citv 
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Charles  Patterson  McCausland,  Hagerstown,  Md. 

Langdon  Pearse,  Chicago,  111. 

Anton  Schneider,  Chieora,  Fla. 

Clib^ford  Milton  Stegner,  Cincinnati,  Ohio 

Frederick   Eugene  Turneaure.   Madison,  Wis. 

William  D  Wiggins,  Decatur,  IIL 

Transferred  from  Junior  to  Associate  Member 

Frederick  William  Doolittle,  Madison,  Wis. 

John  Kramer  Flick,  Loch  Raven,  Md. 

John  Strider  Hess,  San  Francisco,  Cal. 

Donald  W^inthrop  Howes,  Brooklyn,  N.  Y. 

William  Mahone,  Jr.,  Norwood,  N.  C. 

Walden  LeRoy  Malony,  Spokane,  Wash. 

Walter  Smyth  Moore,  Versailles,  Ky. 

Edgar  Kingsbury  Ruth,  Cincinnati,  Ohio 

George  Schobinger,  Yuma.  Ariz. 

Nelson  Taylor,  Los  Angeles,  Cal. 

Benjamin  Franklin  Vandervoort,  Niagara  Falls,  N.  Y. 

Edward  von  Geldern,  Yuba  City,  Cal. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

June  4th,  1913. — President  Swain  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  Messrs.  Bush,  Cain,  Churchill. 
Clarke,  Edwards,  Endicott,  Jlodfre,  Metcalf,  Ridgway,  Smith,  Snow, 
Staniford,  and  Thomson. 

A  Report  of  the  Board  on  Improvement  in  Method  of  Presentation 
of  Papers  was  adopted  for  presentation  to  the  Annual  Convention.* 

A  proposed  Constitution  of  the  Philadelphia  Association  of  Mem- 
bers of  the  American  Society  of  Civil  Engineers  was  formally  approved 
by  the  Board. 

The  following  Resolution  which  was  referred  by  the  Meeting  of  the 
Society,  May  7th,  1913,  to  the  Board  was  considered : 

"Moved:  That  the  Board  of  Direction  of  the  American  Society  of 
Civil  Engineers  be  and  is  hereby  authorized  and  directed  to  appoint 
a  Special  Committee  to  investigate  the  advisability  of  drafting  a 
National  Water  Law  applicable  to  all  navigable,  interstate  and  other 
waters  within  the  jurisdiction  of  the  United  States,  and  embracing 
all  uses  of  water,  and  that  such  Committee  be  directed  to  prepare  a 
preliminary  draft  of  such  a  law  for  submission  at  some  regular  meeting 
of  the  Society,  if,  in  their  judgment,  it  appears  advisable." 

It  was  moved,  seconded,  and  carried,  that  it  is  the  sense  of  this 
Board  that  such  a  Committee  be  appointed  as  soon  as  possible. 

The  President  was  requested  to  appoint  a  Committee  of  three 
members  of  the  Board  to  select  candidates  for  appointment  on  this 
Committee,  and  to  report  back  to  the  Board. 

The  following  Resolution  which  was  referred  by  the  Meeting  of  the 
Society,  May  7th,  1913,  to  the  Board  was  considered : 

"Resolved:  That  the  Board  of  Direction  consider  the  matter  of  the 
appointment  of  a  Special  Committee  to  Study  the  Question  of  Floods, 
Flood  Prevention,  and  other  allied  subjects." 

It  was  moved,  seconded,  and  carried,  that  it  is  the  sense  of  this 
Board  that  such  a  Committee  be  appointed  as  soon  as  possible. 

The  President  was  requested  to  appoint  a  Committee  of  three  mem- 
bers of  the  Board  to  select  candidates  for  appointment  on  this  Com- 
mittee, and  to  report  back  to  the  Board. 

The  following  Resolution  which  was  referred  by  the  Meeting  of 
the  Society  of  May  21st,  1913,  to  the  Board: 

"Besolved:  That  this  Society  appoint  a  Committee  of  five  to  prepare 
an  Ideal  Building  Code  to  govern  the  general  and  essential  features 
of  construction  of  buildings  in  our  American  Cities." 

It  was  moved,  seconded,  and  carried,  that  it  is  the  sense  of  the 
Board  that  a  Special  Committee  to  Prepare  an  Ideal  Building  Code  as 
called  for  in  the  Resolution  be  not  appointed. 

♦See  page  429. 
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It  was  ordered  that  a  meeting  of  the  Board  be  held  on  July  2d,  1913, 
for  the  sole  purpose  of  canvassing  Membership  Ballots  and  taking  action 
on  applications  for  admission. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
13  Members,  40  Associates  Members,  11  Juniors,  and  the  transfer  of 
10  Juniors  to  the  grade  of  Associate  Member. 

Fifteen  Associate  Members  and  1  Associate  were  transferred  to  the 
grade  of  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 

June  17th,  1913.— The  Board  met  at  the  Chateau  Laurier,  Ottawa, 
Ont.,  Canada,  during  the  Annual  Convention,  as  required  by  the  Con- 
stitution; President  Swain  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  Messrs.  Bates,  Bensel,  Clarke,  Endicott,  Leonard, 
Metcalf,  Ockerson,  Ridgway,  Smith,  and  Thomson. 

Several  informal  reports  as  to  progress  in  matters  relating  to  the 
Society  work  were  received. 

Adjourned. 

July  2d,  1913 — A  Special  Meeting  of  the  Board  to  canvass  bal- 
lots and  to  consider  applications  for  membership  was  held,  Director 
George  C.  Clarke  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  Messrs.  Edwards,  Endicott,  Gerber,  Hodge,  Leonard, 
Metcalf,  and  Ridgway. 

Ballots  for  membership  were  canvassed  resulting  in  the  election 
of  17  Members,  33  Associate  Members,  1  Associate,  and  14  Juniors, 
and  the  transfer  of  12  Juniors  to  the  grade  of  Associate  Member. 

Thirteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Applications  for  membership  were  considered. 

Adjourned. 
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REPORT   IN    FULL  OF  THE  FIRST   AND   SECOND   SESSIONS    AND 

OF  THE  BUSINESS  MEETING  OF  THE  FORTY-FIFTH  ANNUAL 

CONVENTION,  OTTAWA,  ONTARIO,  CANADA. 


FIRST   SESSION 

Tuesday,  June  17th,  1913. — The  Forty-fiftli  Annual  Convention  of 
the  Ajiicricaii  Society  of  Civil  Engineers  opened  at  the  Chateau 
Laurier  at  3  p.  m. 

C.  H.  Keefer,  M.  Am.  Soc.  C.  E. — Ladies  and  Gentlemen,  as  Chair- 
man of  the  Joint  Committee  of  members  of  both  the  American  and 
Canadian  Societies,  and  also  Chairman  of  the  Local  Committee  of  the 
American  Society,  the  pleasant  duty  devolves  on  me  of  introducing 
to  you  the  gentlemen  who  will  extend  their  welcome  to  Canada  and 
to  Ottawa,  the  Honorable  Martin  Burrell,  representing  the  Dominion 
Government,  and  His  Worship,  Mayor  Ellis,  representing  the  City  of 
Ottawa.  We  all  know,  as  engineers,  that  engineers  are  not  speakers; 
we  are  more  accustomed  to  do  things.  Therefore,  I  shall  not  take  up 
your  time,  but  shall  introduce  Mr.  Burrell. 

The  Hon.  Martin  Burrell  (Minister  of  Agriculture  for  Canada). — 
^Ir.  President,  I  regret  that  business  in  Halifax  makes  it  impossible 
for  the  Prime  Minister  to  be  here  to-day.  I  wish  to  extend  to  you, 
on  his  behalf  and  for  the  Government,  the  heartiest  welcome  to  Ottawa. 

The  American  Society  of  Civil  Engineers,  including,  as  I  under- 
stand, over  seven  thousand  members,  is  one  which  would  have  a  hearty 
welcome  anywhere.  In  our  own  great  country  we  have  already  achieved 
much  notable  engineering  work,  with  which  many  of  you  are  familiar. 
We  have  spanned  mighty  rivers  and  have  many  more  to  span.  There 
are  mountains  to  be  pierced,  canals  to  be  extended  and  constructed, 
and  still,  in  spite  of  what  has  already  been  done,  large  questions  of 
transportation  to  deal  with;  it  is  obvious,  therefore,  that  work  such 
as  yours  must  necessarily  be  of  immense  importance  to  members  of  a 
Government,  who.  after  all,  are  trustees  for  the  people,  charged  with 
the  duty  of  seeing  that  the  people's  heritage  is  wisely  developed  on 
sound  and  permanent  lines.  Thrice  welcome,  therefore,  to  men  like 
yourselves  who  do  things. 

My  department  is,  perhaps,  less  associated  with  engineering  work 
than  many  others,  yet  in  the  important  matter  of  irrigation  works, 
I  need  hardly  point  out  to  you  the  intimate  relationship  of  engineer- 
ing to  agriculture.  What  Sir  John  Aird  did  in  Egypt  by  the  applica- 
tion of  high  engineering  skill,  in  bringing  vast  areas  of  arid  or  semi- 
arid  lands  into  fertility,  you  are  doing  in  your  own  country,  as  we 
are,  in  a  smaller  way,  in  our  own,  and  the  supreme  test  of  your 
work — as  of  the  work  of  those  who  labor  in  other  fields — must  be, 
after  all,  what  service  it  renders  to  humanity. 
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Frankly,  I  must  confess  an  encyclopaedic  ignorance  of  engineering, 
notwithstanding,  on  the  important  side  of  my  family,  I  may  claim 
a  somewhat  intimate  relationship  to  the  engineering  world.  My  wife's 
father  commenced  his  long  and  distinguished  career  as  an  engineer 
by  working  on  the  Stockton  and  Darlington  Railway — the  first  steam 
railway  ever  built.  He  had  a  vivid  recollection  of  George  Stephenson, 
who,  on  many  occasions,  placed  his  hands  on  the  young  lad's  head. 
To  those  of  you  who  are  fathers  I  need  hardly  say  that  her  father's 
hands  were  often  placed  upon  my  wife's  head,  and  to  those  of  you 
who  are  husbands  I  can  appeal  for  sympathy  and  support  in  saying 
that  my  wife's  hands  have  often  been  placed  on  my  head.  This  surely 
then  would  be  an  apostolic  succession  which  ought  to  enable  me  to 
pass  muster  before  this  gathering. 

We  are  glad  to  see  you  here  at  Ottawa,  the  home  of  the  only  man 
outside  your  own  country  whom  you  have  made  President  of  your 
Society.  It  was  in  1888  that  Thomas  C.  Keefer  was  elected  President 
of  the  American  Society  of  Civil  Engineers.  He  is  happily  with  us 
yet,  at  a  ripe  old  age,  surrounded  by  a  family  several  of  whom  have 
achieved  distinction  in  the  engineering  world,  comforted  by  their  af- 
fection and  honored  by  the  community — members  of  which  are  proud 
of  his  distinguished  career. 

We  welcome  you  for  many  reasons.  We  are  talking  much  of  cele- 
brating the  hundred  years  of  peace  between  the  two  great  English- 
speaking  races,  and  every  meeting  such  as  this,  which  brings  us  face 
to  face,  renders  that  i^eace  more  assured.  Beneath  the  superficial  dif- 
ferences that  divide  men  there  is  the  broad  fundamental  fact  of 
human  needs  and  liuman  suffering,  and  the  common  grounds  of  agree- 
ment between  us  all  are  far  more  spacious  than  those  of  disagreement. 

Your  profession  is  one  essentially  linked  to  science,  in  the  larger 
sense  of  that  word,  and  science  knows  no  international  boundary,  nor 
indeed  any  boundary.  More  than  other  men,  and  more  quickly,  you 
learn  the  inevitable  lesson  of  life — that  a  man  cannot  cheat  Nature, 
or  find  easy  or  profitable  ways  by  which  to  evade  her  universal  and 
eternal  laws — and  it  is  natural  that  in  your  ranks  we  should  look  for 
and  shoidd  find  the  stamp,  not  only  of  genius,  but  of  patience,  self- 
reliance,  and  seasoned  judgment — qualities  with  which  the  human 
market  is  never  glutted. 

Men  still  talk  of  the  world  not  improving.  We  are  still  running 
across  our  pessimistic  friend,  the  laudator  temporis  acti,  but  the  life 
work  of  the  modern  engineer  is  a  final  and  efiicient  answer.  By  your 
labors,  distance  has  been  annihilated,  a  thousand  needs  of  men  are 
ministered  to  as  never  in  the  past,  and  a  closer  knowledge  of  other 
races  has  made  for  the  extension  of  human  sympathy  and  the  es- 
tablishment of  common  and  higher  standards  and  ideals. 

It  is  absolutely  true  that  your  work,  in  the  last  analysis,  not  only 
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stands  for  physical  and  material  development,  but  constitutes  a  powei'- 
ful  factor  in  the  shaping:  of  those  moral  forces  by  whose  aj?encies 
life  for  all  jieople  is  made  more  sane,  more  sweet,  and  more  honorabl<>. 

Gentlemen,  I  agrain  g:ive  you  the  heartiest  welcome  to  the  Cai)ital 
City  of  this  Dominion.  I  trust  sincerely  that  your  visit  may  carry 
with  it,  not  only  some  profit,  but  much  pleasantness,  and  that  you 
will  r(>turn  to  your  own  country  with  a  strengthened  feeling  of  friend- 
liness to  the  people  who,  in  the  great  country  north  of  the  Interna- 
tional line,  are  working  out  their  o^vn  national  problems  in  a  spirit 
of  fortitude  and  hope,  not  less  fine  than  that  which  has  characterized 
your  own  country. 

His  Worship,  Mayor  Ellis. — I  have  the  greatest  possible  honor,  on 
behalf  of  the  City  Council  of  the  City  of  Ottawa  and  the  citizens  of 
Ottawa,  in  welcoming  the  American  Society  of  Civil  Engineers  to 
this  city.  I  understand  that  there  are  included  in  your  membership 
a  number  of  Canadian  engineers.  They,  of  course,  are  welcome,  too; 
but  we  more  especially  welcome  those  from  the  other  side  of  the  line, 
because,  as  Mr.  Burrell  has  said,  there  is  nothing  that  conduces  more 
to  international  friendship  and  good  fellowship  and  a  thorough  ac- 
quaintance between  the  citizens  of  two  nations  than  these  compara- 
tively small  gatherings  of  societies  such  as  yours.  I  am  not  an  engi- 
neer. I  am,  I  think,  one  of  the  few  people  in  Ottawa  who  are  not 
engineers.  I  do  not  want  to  refer  to  local  matters  particularly,  but 
I  wish  to  warn  you,  especially  those  of  you  who  are  water-works  or 
municipal  engineers,  that  for  three  or  four  years  we  have  been  very 
busy  trying  to  settle  what  should  be  a  very  simple  matter,  that  is  the 
securing  of  a  good  and  sufficient  supply  of  water;  but  we  have  not  been 
able  to  do  so,  and  I  think  one  of  the  reasons  for  our  failure  is  be- 
cause every  second  man,  or  perhaps  two  out  of  every  three  men,  are 
quite  convinced  that  they  know  more  about  water  than  all  the  engi- 
neers who  ever  existed.  If  you  meet  some  of  these  gentlemen,  all  I 
can  say  is  that  you  need  not  pay  very  much  attention  to  what  they 
say.  We  will  try  to  settle  all  our  differences  and  difficulties  in  due 
course,  but  in  the  meantime  you  will  undoubtedly  fiiud  that  the  city 
is  perfectly  full  of  engineering  experts,  and  especially  of  water  experts. 
The  same  condition  may  arise  in  other  cities  where  there  have  been 
little  difficulties  to  settle,  and  I  feel  it  necessary  to  warn  you  that  that 
condition  exists  in  Ottawa.  As  I  said,  I  am  not  an  expert  in  the  mat- 
ter myself,  and  I  generally  take  the  advice  of  people  who  are. 

One  thing  about  Ottawa,  that  may  perhaps  interest  you,  is  that  it 
is  a  city  in  the  making,  just  as  Canada  is  a  nation  in  the  making. 
We  are  a  city  of  perhaps  one  hundred  thousand.  Like  most  other 
cities  that  have  grown  so  far,  we  have  not  looked  far  enough  ahead, 
especially  in  our  engineering,  and  now.  thanks  to  the  Dominion  Gov- 
ernment, we  have  under  consideration  a  proposition  which  1  think  will 
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do  a  great  deal  to  make  the  city  wliat  it  should  be,  especially  from  an 
engineering  point  of  view.  With  regard  to  engineering  matters,  we 
have  been  practically  for  years  doing  over  again  the  engineering  work 
whicli  we  did  some  years  before,  quite  unnecessarily,  I  think.  Perhaps 
that  is  a  fault  connnon  to  all  growing  cities.  However,  we  hope  to 
remedy  this  difficulty  in  this  way :  The  Dominion  Government  pro- 
poses that  a  Commission  be  appointed,  composed  of  experts,  who  will 
lay  down  a  general  plan  for  the  city  for  perhaps  the  next  one  hun- 
dred years.  That  plan  will  cover  the  laying  out  of  all  parks  and 
grounds,  the  location  of  buildings,  the  entrance  of  railroads,  and  the 
location  of  railroad  facilities,  and  practically  all  engineering  work. 
I  am  strongly  in  favor  of  that  proposal,  because,  it  seems  to  me, 
that  is  the  method  on  which,  not  only  Ottawa,  but  every  growing  city 
should  be  managed.  There  has  not  been  sufficient  attention  paid  to 
the  engineering  work,  that  is.  with  regard  to  its  permanent  character 
and  having  it  meet  the  requirements  of  future  generations.  We  in 
Ottawa  have  been  satisfied  to  get  along  from  year  to  year  without 
making  the  jirovision  we  should  for  the  future;  I  hope  that  we  have 
now  come  to  an  end  of  that  condition,  and  that  we  will  be  able  to 
have  a  city  jjlanned  on  a  larger  scale,  and  that  that  plan  will  be  car- 
ried out.  The  Dominion  Government  has  taken  an  interest  in  this 
matter,  because  this  is  the  Capital  of  the  Dominion,  and  I  suppose 
they  feel  that  they  have  some  kind  of  a  partnership  in  the  city. 

We  are  very  glad  to  have  you  come  to  Ottawa.  You  will  find  that 
something  has  been  done  to  improve  the  city  and  to  make  it  what  it 
should  be,  and  especially  what  the  capital  of  a  country  should  be.  We 
have  still  a  great  deal  to  do  in  that  direction,  but  I  think  you  will 
find  that,  in  the  laying  out  of  the  city,  in  what  ha.s  been  done  in  con- 
nection with  the  embellishment  and  beautifying  of  it,  we  have  made 
some  progress,  and,  at  all  events,  if  we  have  not  done  what  we  should, 
we  have  given  some  promise  of  improvement  in  the  future.  I  hope 
that,  in  view  of  what  has  been  done  by  the  Dominion  Government  and 
the  local  engineers,  j'ou  will  find  your  stay  in  the  city  a  most  pleasant 
and  enjoyable  one.  I  know  that  in  gatherings  of  this  kind  there  is  a 
certain  amount  of  business  to  be  done.  All  I  can  urge  on  you  to-day 
is  that  you  should  not  tie  yourselves  down  too  strictly  to  business, 
but  should  leave  yourselves  svifficient  time  to  see  the  city  and  to  take 
part  in  the  entertainment  which  will  be  provided  for  you.  There  is 
one  thing  that  we  desire,  and  that  is  that  in  everything  the  delegates 
should  go  away  thoroughly  satisfied  with  the  city  and  feeling  that 
they  have  not  only  gone  through  their  business  programme,  but  that 
their  visit  has  been  a  pleasant  and  enjoyable  one.  I  have  very  great 
pleasure,  indeed,  in  welcoming  you  to  the  city,  and  I  hope  that  when 
you  go  away  you  will  go  with  the  most  pleasant  recollections  of 
Ottawa  and  of  the  people  whom  you  may  meet  here.     Perhaps,  then, 
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at  some  future  tlate,  when  a^ain  vdu  deeide  to  meet  outside  of  the 
United  States,  you  will  decide  to  return  to  Ottawa.  I  ean  assure  you 
tlutt.  whatever  we  liave  done  for  yoiir  cutorlaiiiuiciit  this  time,  we  will 
try  t(t  do  hetter  next  time. 

(iKORCK  F.  SwAix,  Presiokxt,  Am.  Soc.  C.  E. — On  hehalf  of  the  Reply  to 
American  Society  of  Civil  Engineers,  whose  spokesman  for  the  mo-  ^weiclmfe? 
nient  I  iiappen  to  be,  I  have  great  pleasure  in  thanking  you  for  your 
very  cordial  welcome  to  Canada  and  to  Ottawa.  A  meeting  of  a  society  ' 
like  this  in  a  place  which  is  not  the  home  of  the  majority  of  its  mera- 
liers  is  a  very  significant  and  interesting  event.  You  have  well  re- 
ferred to  the  fact  that  in  science  there  are  no  international  boundaries, 
that  engineers  and  applied  scientists  belong  to  no  nation,  that  in 
science  there  is  no  American,  Catiadian,  Frenchman,  German,  English- 
man, or  Japanese;  all  are  brothers  in  one  great  profession.  In  engi- 
neering. T  think  there  is  every  reason  to  break  down  or  eradicate  geo- 
graphical and  racial  distinction,  because  the  engineer,  whose  work 
consists  mainly  or  largely  in  furnishing  facilities  for  transportation 
that  commerce  may  be  carried  on  between  the  countries  of  the  world, 
furnishes  also  every  necessity,  comfort,  and  convenience,  which  all 
the  world  can  use  and  thus  tends  to  make  all  the  world  kin.  Therefore, 
we  are  all  brothers  here  in  one  great  profession.  We  have  visited  your 
fair  land  before,  we  kno\v  how  hospitable  you  are,  and  we  perhaps  have 
a  little  fear  that  you  may  think  we  come  a  little  too  often.  I  think 
we  have  been  here  three  or  four  times,  but  you  are  responsible  for  that, 
vdu  have  made  us  so  much  at  home  that  we  are  alw^ays  glad  to  visit 
you.  I  can  only  assure  you,  on  behalf  of  the  Society,  that  w-e  appre- 
ciate sincerely  all  you  have  done  in  the  past,  and  what  you  are  doing 
now;  and  when  it  is  our  opportunity  to  show^  in  any  practical  form 
that  appreciation,  we  shall  try  to  do  it  in  a  way  that  will  make  you 
realize  the  depth  of  our  feeling  and  the  fact  that  in  engineering  and 
the  applied  sciences  we  are  all  one  brotherhood. 

Adjourned. 

SECOND  SESSION 

June  i8th,  1913,  10  A.  M. — The  nu'eting  was  calUui  to  order  ;  Pres- 
ident George  F.  Swain  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
jiresent,  also,  about  150  members  and  guests. 

The  Secretary  announced  the  programme  for  the  day,  and  stated 
that  the  first  order  of  business  was  the  Annual  Address  of  the  President. 

The  President  delivered  the  Annual  Address.* 

THIRD  SESSION.     BUSINESS  MEETING. 

The  Business  ^Meeting  of  the   Annual   Convention  was  then  called       Business 
to  order  by  the  President.  '  ^to^rder.  ^ 

*  See  page  1287  of  Papers  and  Discussions. 
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Time  and  The  Secretary  presented  the  following  Eeport  of  the  Suggestions 

conveution     received  as  to  the  Time  and  Place  for  holding  the  Annual  Convention 
^^■^*^^^'        of  1914: 

"I  beg  leave  to  report  a  canvass  of  the  suggestions  received  from 
members  of  the  Society  as  to  the  Time  and  Place  for  holding  the 
Annual  Convention  of  1914,  as  follows: 

Chicago,   111 43  Detroit,  Mich 11 

Boston,  Mass 32  St.  Louis,  Mo 11 

New  York  City 22  Washington,  D.  C 11 

New  Orleans,  La 17   Salt  Lake  City,  Utah 10 

Havana,  Cuba 10  San  Francisco,  Cal 10 

Saratoga,  N.  Y 16  Panama,  Panama 9 

Denver,  Colo 14  Buffalo,  N.  Y 8 

Kansas  City,  Mo 14  Atlanta,  Ga 6 

Los  Angeles,  Cal 14  Philadelphia,  Pa 6 

Pittsburgh,  Pa 13  St.  Paul,  Minn 6 

Atlantic  City,  N.  J 12  Duluth,  Minn. 5 

Baltimore,  Md 12  Nashville,  Tenn 5 

Cleveland,  Ohio 12 

"The  following  have  receivetl  4  votes  each:  Birmingham,  Ala., 
Keokuk,  Iowa,   Minneapolis,  Minn. 

"The  following  have  received  3  votes  each :  Asheville,  N.  C,  Hono- 
lulu, T.  H.,  Memphis,  Tenn.,  Portland,  Ore.,  Richmond,  Ya. 

"The  following  have  received  2  votes  each:  Cincinnati.  Ohio,  Gal- 
veston, Tex.,  Louisville,  Ky.,  Milwaukee,  Wis.,  Niagara  Falls,  N.  Y., 
Norfolk,  Va.,  Omaha,  Nebr.,  Palm  Beach,  Fla..  Portland,  Me.,  Quebec, 
Canada,  Rochester,  N.  Y.,  San  Antonio,  Tex.,  Sault  Ste.  Marie,  Mich., 
Spokane,  Wash.,  Chicago,  111.,  or  Milwaukee,  Wis.,  Kansas  City,  Mo., 
or  St.  Louis,  Mo. 

"The  following  have  each  received  1  vote:  Alaska,  Billings, 
Mont,  Bretton  Woods,  N.  H.,  Cape  Cod,  Mass.,  City  of  Ancon,  Canal 
Zone,  Des  Moines,  Iowa,  England,  Indianapolis,  Ind.,  Knoxville,  Tenn., 
Lake  George,  N.  Y.,  London,  England,  Louisville,  Ky.,  Manila,  P.  I., 
Nantucket,  Mass.,  New  Haven,  Conn.,  Newport,  R.  I.,  Oakland,  Cal., 
Oklahoma  City,  Okla.,  Old  Point,  Va.,  St.  Augustine,  Fla.,  Samoset 
Hotel,  Rockland,  Me.,  San  Diego,  Cal.,  Spring  Lake,  N.  J.,  Toledo, 
Ohio,  Vancouver,  Canada,  Virginia  Hot  Springs,  Watch  Hill,  R.  I., 
White  Mountains,  Buffalo  and  trip  to  Soo,  Buffalo  to  Duluth  on 
steamer,  Cincinnati  or  some  central  city,  Duluth,  Minn.,  or  Chicago, 
111.,  Niagara  Falls,  N.  Y.,  or  Buffalo,  Panama  or  Keokuk,  Iowa, 
Pittsburgh,  Pa.,  Philadelphia,  Pa.,  or  Cleveland,  Ohio,  San  Francisco, 
Cal.,  or  Denver,  Colo.,  Saratoga  or  vicinity,  Utica,  N.  Y.,  or  some 
other  city  in  central  New  York  State,  Somewhere  in  the  South, 
A  Southern  City,  Some  point  in  the  South,  A  Southern  Point, 
Some  place  in  Texas  or  the  great  Southwest,  Any  suitable  place  East 
of  the  Mississippi  River,  Any  Summer  Resort,  The  Central  West. 

"The  total  number  of  suggestions  received  is  440. 


Au^Mist,  un-A. 
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"As  to  the  time  for  holdinpc  the  Coiiveutioii,  the  following-  384  sng- 
jrestions  have  been  received  : 

Fehruary 2  August    7 

March  8  September 13 

April    1')  October   11 


May    35  November 

June 217  December 


July 


32 


January,  Februaiy  or  ^larch.  .        1 
Between  January  and  April.  .       1 

Februar\-  22d  or  July  4th 1 

February  or  Marcli 1 

April  or  Mav 2 

2 
1 
1 
1 
9 
1 


May  or  June 

May  27-30  or  July  1-4 

Last  of  May  or  first  of  June 

Previous  to  June  1st 

June  or  July 

Jmie  or  September 

July  or  August 2 

October-Xovember 1 

Winter 1 

Winter  or  Spring 1 

Spring 2 

Spring  or  Fall 2 


Sunmier  

Late  summer 

Fall .. 

During  Xational  Railway  Ap- 
pliance Association  Sliow.. 
(This  time  is  suggested  in 
connection  with  Chicago  as 
the  place.) 

Carnival  Week 

(This  time  i.s  suggested  in 
connection  with  New  Or- 
leans as  the  place.) 

The  opening  of  the  Canal.  . .  . 
(This  time  is  sviggested  in 
connection  with  Panama,  as 
the  place.) 

Any  old  time 


Early  summer 1 

"The  Secretary  aLso  has  invitations  from  the  Buffalo  Convention 
Bureau,  and  from  the  Mayor  and  Chamber  of  Commerce  of  Buffalo, 
N.  Y.,  and  also  from  the  Conventions  Bureau  of  St.  Louis,  and  from 
the  Governor  of  the  State  of  Missouri,  The  Mayor  of  the  City  of 
St.  Louis.  The  Merchants  Exchange  of  St.  Louis,  The  Associated  Re- 
tailers of  St.  Louis,  The  St.  Louis  Manufacturers  and  Exporters  Asso- 
ciation, and  The  St.  Louis  Sales  Managers  Association,  inviting  the 
Society  to  hold  their  next  Annual  Convention  in  their  cities. 

"Respectfully, 

"CiiAs.  Wahrkx  Hunt, 

"Secretary." 

The   SEtHETAUV. — I  also   have  a   letter   from   C.   C.   FitzGerald,  M. 
Am.  Soc.  C.  E.,  Secretary  of  the  members  of  the  American  Society  of  convention  in 
Civil  Engineer.s  resident  in  the  Island  of  Cuba,  inviting  the  Society 
to  liold  its  next  Annual  Convention  in  Havana.  Cuba.* 

''Havana,  Cuba, 
"June  10th,  1913. 
"To  THE  ^Members  of  the  American  Society  of  Civil  Engineers 
IN   Convention  Assembled,  Ottawa,  Canada  : 
"The  members  of  the  American  Society  of  Civil  Engineers  resident 
in  the  Island  of  Cuba  cordially  invite  you  to  hold  the  Annual  Con- 
vention for  the  year  1014  in  the  city  of  Havana,  Republic  of  Cuba. 

*  By  instruction  of  the  Meeting,  this  communication  was  not  read,  but  is  here  printed 
for  the  information  of  the  membership. 


Invitation 
to  hold 
n vent  ion 
Havana. 
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"We  can  assure  you  of  an  interesting  and  profitable  trip  and  one 
that  no  one  will  regret. 

"The  only  objection  that  can  be  offered  to  holding  it  in  Havana 
is  probably  the  temperature,  but  the  thermometer  in  June  is  not  over 
80  degrees  Fahrenheit,  as  the  Trade  Winds  blow  from  the  sea  all  day, 
and  the  land  breeze  known  as  the  'Terral'  blows  at  night.  The  journey 
can  be  made  by  rail  from  New  York  in  55  hours,  giving  a  view  of 
the  '^Over  Sea  Railway.' 

"In  Havana  the  following  engineering  works  are  going  on : 

"An  entire  new  Sewerage  System  and  Paving  costing  some 
$20  000  000,  with  a  tunnel  under  the  harbor  and  another  under  the 
hill  on  which  is  the  famous  Cabana  Fortress,  the  best  example  of  this 
type  of  fortification  in  the  world,  and  which  cost  $14  000  000  when 
labor  was  cheap  and  no  unions  existed  and  stone  was  quarried  from 
its  own  moat.  The  outfall  of  the  Sewerage  System  is  to  the  east  of 
the  Harbor,  laid  out  into  deep  water  on  an  exposed  rocky  coast. 

"The  modern  Pumping  Stations  connected  with  this  new  Sewerage 
System  will  be  of  great  interest. 

"The  dredging  of  Havana  Harbor  with  clam-shell  and  dipper 
dredges,  the  material  from  which  is  sent  to  sea,  and  a  large  modern 
20-in.  Suction  Dredge  used  in  reclaiming  several  million  square  meters 
of  swamp  land. 

"Two  wrecking  derricks  at  work  removing  some  two  hundred  wrecks 
of  all  kinds. 

"The  erection  of  some  10  kilometers  of  concrete  sea  wall  with  rein- 
forced concrete  piles. 

"This  work  will  cost  upward  of  $11  000  000. 

"There  is  also  in  construction  an  Ocean  Freight  Terminal  com- 
bined with  storage  warehouse  and  cold  storage  facilities,  consisting 
of  two  piers,  700  ft.  by  150  ft.,  double-decked,  and  a  storage  ware- 
house, 800  ft.  by  75  ft.,  four  stories  high,  all  fire-proof  concrete  con- 
struction supported  on  reinforced  concrete  piles  from  45  to  85  ft. 
in  length. 

"There  are  the  new  freight  and  passenger  terminals  of  the  United 
Railways  of  Havana  with  four  large  piers  of  reinforced  concrete  deck, 
three  on  screw  piles  and  one  on  creosoted  piles,  and  all  with  steel 
superstructures. 

"The  new  modern  passenger  station,  handling  steam  and  electric 
trains  and  Edison  storage  battery  cars. 

"There  are  two  modern  coaling  plants  for  ships,  built  of  reinforced 
concrete  and  with  the  latest  machinery. 

"In  connection  with  these  large  harbor  works  are  two  modern  plants 
for  the  manufacture  of  concrete  piles. 

"There  is  in  construction  a  new  electric  power  plant  and  remodel- 
ing of  the  gas  plant  to  cost  $2  000  000. 

"There  are  large  modern  machine  and  car  shops  of  the  United  Rail- 
ways of  Havana. 

"There  is  a  modern  cement  factory  turning  out  800  bbl.  of  cement 
per  day. 

"There  are  several  large  factories  making  cement  floor  tile  of  as 
complicated  a  design  as  those  made  aaiywhere  in  the  world. 

"A  trip  to  the  Vento  Water-works  will  be   appreciated  both  from 
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an  (Mifriiiecrinii-  jiiid  urtistic  stjindpoiiit.  This  iin])()iinds  in  a  space 
of  loss  than  SO  t"t.  siinare  a  spring'  that  supplies  the  city  of  Havana 
and  the  towns  of  ^larianao.  Rep-Ja.  and  Guanabacoa.  of  more  than 
350  000  inhabitants,  and  would  sujjply  twice  that  many  if  the  water 
were  metered  to  the  consumer. 

''The  water  is  carried  under  the  Alineudares  River  in  an  inverted 
syphon  inside  a  tunnel.  The  access  to  the  tunnel  at  either  end  is  by 
a  shaft  and  a  stairwa.v  carried  on  a  series  of  fl,ying  arches,  and  every- 
thinjr  is  built  to  a.  nicety  seldom  found  in  this  class  of  work. 

"From  the  tunnel  under  the  river  the  water  continues  in  a  masonry 
conduit  to  the  city,  a  distance  of  about  6  kilometers,  where  it  is  de- 
posited in  two  reservoirs  with  the  necessary  valves,  etc.,  for  distribu- 
tion to  the  city. 

'"This  work  was  built  by  the  Spanish  Military  Eng-ineer,  Col.  Fran- 
cisco de  Albear,  to  whom  a  statue  has  been  erected  in  the  Plaza  Albear, 
being  one  of  the  few  statues  ever  erected  to  an  engineer. 

"Another  engineering  work  of  interest  is  the  reinforced  concrete 
arch  bridge  across  the  Almendares  River,  consisting  of  three  spans  of 
102  ft.  and  one  of  190  ft.  This  work  is  described  in  Vol.  LXXIV  of 
the  Transactions. 

"There  is  also  under  construction  the  new  Presidential  Palace  to 
cost  upward  of  $1  000  000. 

"The  continuation  of  the  })resent  sea  w-all  and  drive  will  be  under 
construction,  consisting  of  T)  kilometers  of  concrete  sea  wall  and  broad 
drive. 

"The  present  .sea  wall  has  withstood  four  cyclones  and  many  heavy 
storms,  and  is  of  interest  as  showing  the  resistance  to  disintegration 
of  cement  exposed  to  sea  water  where  there  is  no  freezing. 

"There  are  several  sugar  mills  near  Havana  that  are  also  of  inter- 
est, and  a  trip  of  two  hours  on  an  electric  train  takes  one  to  the 
tobacco  plantations  and  pine  apple  groves  of  Pinar  del  Rio. 

"As  for  amusements,  we  are  offered  the  freedom  of  the  new  Coun- 
try Club  that  has  a  fine  18-hole  golf  course,  and  which  with  the  grounds 
and  building  represent  an  investment  of  $180  000. 

''We  also  have  the  freedom  of  tiie  Yacht  Club  and  the  delightful 
sea  bathing. 

"Then  there  is  a  trip  to  ^lorro  Castle  and  Cabana  Fortress. 

"A  trip  to  ^latanzas  with  it.s  beautiful  caves  and  the  Valley  of  the 
Yumuri  River. 

"Shark  fishing  can  be  enjoyed  just  outside  the  Harbor  by  those 
who  wish  to  get  the  man-eater  in  his  native  lair. 

"For  those  who  desire  to  make  a  trip  through  the  Island  we  will 
arrange  a  special  train,  if  a  considerable  nundier  go,  or  a  special 
sleejH'r  attached  to  the  regular  train  that  will  take  them  in  24  hours 
through  the  center  of  the  Island  to  Santiago,  where  they  can  visit 
the  battletields  of  El  Caney  and  San  Juan  Hill,  and,  if  desired,  con- 
tinue on  to  Jamaica  and  the  Panama  Canal  by  the  Hamburgh- 
American  Line  that  ha.s  a  fleet  of  fine  vessels  in  this  trade. 

"Those  who  would  see  the  Island  and  want  to  make  a  quick  return 
to  Xew  York  could  go  to  Xipe  Ba.y,  where  they  could  get  connection  with 
the  Royal  ^fail  Steamer  to  Xew  York.  At  Xipe  Bay  is  the  Preston 
Sugar  Mill,  one  of  the  largest  and  most  modern  of  Cuba. 
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"At  the  Felton  mines  the  Spanish-American  Iron  Co.  have  a 
surface  deposit  of  ore  mined  by  drag  scraper  and  handled  down  a 
steep  incline  standard  gauge  railway  to  the  drying  and  concentrating 
kilns,  and  thence  loaded  by  a  modern  plant  on  to  the  ships  which 
convey  it  to  the  United  States.  At  Preston  there  is  a  good  hotel  with 
moderate  rates. 

"As  for  Havana,  it  is  a  city  of  300  000  people,  consisting  of  the 
old,  or  what  was  the  walled  city,  and  the  part  that  lies  outside  the 
walLs  and  extending  now  to  the  suburbs  with  beautiful  villas  of  classic 
architecture  that  is  nearly  always  pleasing. 

"Havana  has  some  of  the  largest  and  finest  equipped  hospitals,  and 
some  of  the  largest  club  buildings  in  the  world. 

"There  are  two  clubs  with  30  000  members  each  and  with  buildings 
that  cost  $500  000  and  $1000  000,  respectively.  The  latter  under 
construction. 

"There  are  plenty  of  good  hotels  and  with  very  low  rates  in  the 
summer. 

"While  the  streets  are  naturally  torn  up  on  account  of  the  Sewer- 
ing and  Paving,  the  city  is  clean,  and  one  can  get  a  real  object  lesson 
in  Modern  Sanitation  which  turned  one  of  the  dirtiest  and  most  un- 
healthy cities  in  the  world  into  one  of  the  cleanest  and  healthiest  in 
the  world,  where  there  has  not  been  a  case  of  yellow  fever  in  six  years, 
and  where  only  two  cases  of  Bubonic  plague  developed  when  it  was 
imported  from  the  Cana,ry  Islands,  whereas  in  Porto  Rico  it  grew 
to  alarming  proportions. 

"It  is  a  city  where  still  lives  the  man  who  first  advanced  the 
mosquito  theory  of  yellow-fever  transmission  and  in  this  way  made 
the  Panama  Canal  possible. 

"In  Havana,  those  engineers  who  are  connected  with  industrial 
plants  can  learn  the  needs  of  export  business  as  regards  packing, 
shipping,  documents,  and  all  that  pertains  thereto,  and  why  the  United 
States  is  so  far  behind  its  competitors  in  these  matters,  which  we  must 
learn  if  we  are  to  receive  the  benefit  of  the  Panama  Canal  and  the 
trade  it  should  bring  us  with  South  America. 

"From  Cuba,  one  of  the  late-born  republics,  one  started  by  the 
United  States,  we  can  well  learn  something.  The  Secretary  of  Public 
Works  is  a  member  of  the  President's  Cabinet,  and  the  portfolio  is 
now  held  by  Sr.  Jose  R.  Villalon,  Assoc.  Member  of  the  American 
Society  of  Civil  Engineers,  and  President  of  the  Society  we  have 
formed  to  endeavor  to  obtain  the  1914  Convention,  which  warrants 
you  that  all  possible  will  be  done  by  the  officials  to  make  your  visit 
enjoyable. 

"The  President  of  the  Republic  is  a  Civil  Engineer,  a  graduate  of 
Cornell,  and  put  in  his  early  days  on  the  Nicaragua  Canal  Survey, 
and  in  the  war  for  Cuban  independence  rose  to  be  a  Major  General 
and  has  since  then  managed  three  of  the  largest  sugar  estates  in  the 
Island. 

"Here  the  engineering  profession  is  looked  up  to  and  honored  more 
than  in  the  North,  and  at  this  time,  when  so  much  thought  is  being 
given  to  bettering  the  engineering  profession,  some  good  lessons  can 
be  learned. 

"Pardon  this  long  invitation,  but,  though  we  are  at  the  doors  of  the 
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I'liited  Stales,  iiumy  think  \vc  are  as  far  away  as  the  Philippines,  and 
we  must  make  our  case  known. 

''We  liave  sufficient  funds  i)ledi>ed  to  make  all  short  trips  free  to 
those  who  come. 

"Come  down  and  you  will  find  your  visit  most  pleasant  and  profit- 
able, and  wo  can  assure  you  of  a  fine  time. 
"For  tlie  Committee, 

"C.  C.  FitzGerald,  M.  Am.  Soc.  C.  E., 

"Secretary." 

The  President. — The  customary  procedure  is  to  refer  this  matter 
to  the  Board  of  Direction  with  power  to  act. 

It  was  moved,  seconded  and  carried,  that  the  selection  of  the  time 
and  place  for  holding  the  1914  Annual  Convention  be  referred  to  the 
Board  of  Direction  with  power. 

The  Secretary. — I  have  a  report  of  the  Board  of  Direction  to  the 
Society. 

"REPORT  OF  BOARD  OF  DIRECTION  UPON  'IMPROVEMENT  Report  on 

Improvement 

IN  THE  METHODS  OF  THE  PRESENTATION  OF  PAPERS.'  in  Method  of 

Presentation 

"Tn  accord  with  the  motion  passed  at  the  Annual  Meeting  of  the      °     "pers. 
Society,  'That   a   Committee  of  five  be  appointed  to  consider  an   im- 
provement  in   the   methods  of  the  presentation   of  papers  before  this 
Society,'  the  Board  of  Direction  has  given  careful  consideration  to  the 
matter  referred  to  it. 

"A  detailed  statement  has  been  prepared  relating  to  the  presentation 
of  papers  and  the  discussion  had  at  the  ordinary  meetings  of  the 
Society  for  the  six-year  period  from  1907  to  1912,  inclusive,  which 
was  published  in  the  February  Number  of  Proceedings,  page  103,  for 
the  infonnation  of  members. 

■'The  Board  has  inquired  into  the  current  practice  of  other  Socie- 
ties, invited  individual  suggestions,  and  now  makes  the  following  recom- 
mendations, largely  in  accord  with  past  practice,  but  embodying  some 
new  features,  ajid  outlining  a  course  of  procedure  for  the  convenience 
of  authors  and  of  the  Publication  Committee: 

"1. — That  every  author  be  required  to  submit  with  his  paper  a 
summary  giving  the  objects  of  the  paper,  a  brief  digest  of  its  contents, 
and  a  concise  statement  of  its  conclusions,  to  be  read  at  the  meeting 
so  that  members  who  have  not  been  able  to  read  the  paper  in  advance 
of  the  meeting  may  be  able  to  follow  and  take  part  in  the  discussion 
of  it. 

"2. — That  the  author  of  each  paper  approved  for  discussion  be  urged 
to  present  his  paper  in  person,  or  to  give  at  least  thirty  days'  notice 
to  the  Secretary  that  he  will  not  be  able  to  do  so,  and  to  suggest  the 
name  of  some  member  to  present  it  for  him  who  is  especially  fitted 
to  do  so.  That  in  default  of  such  suggestion  by  the  author,  the  Secre- 
tary either  find  some  such  substitute,  or  present  the  paper  himself. 

"3. — That  the  author  be  recpiested  to  submit  with  his  paper  a  list 
of  members  of  the  Society  especially  qualified  to  discuss  his  paper,  and 
that  the  Secretary  call  the  paper  particularly  to  the  attention  of  these 
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of  Papers 

(continued). 


Report  on  members  and  others  locally  known  to  him  as  likely  to  bo  interested  in 
Improvement  jt  urffins"  them  to  be  present  at  the  meetinff  at  which  the  paper  is  to 
in  Method  ot    ,   '        "^     '^,     ,         j  x      •    •      •      -i.  i   j-  • 

Presentation    be  presented  and  to  join  m  its  oral  discussion. 

"4. — That  the  Secretary,  in  calling  the  attention  of  local  members 
to  the  paper,  give,  so  far  as  practicable,  the  names  of  men  who  have 
promised  to  discuss  the  paper  upon  the  evening  of  its  presentation. 

"5. — That  subjects  of  similar  nature  be  grouped,  for  discussion  at 
the  same  meeting,  when  possible. 

"G. — That  papers  lending  themselves  to  oral  discussion  be  given 
preference  for  presentation  at  the  semi-monthly  meetings,  and  that 
papers  better  suited  to  written  discussion  be  printed  in  Proceedings, 
without  oral  discussion  so  far  as  practicable. 

"7. — That  oral  discussion  be  encouraged  in  every  way  possible. 

"8. — That  the  printing  of  his  discussion  be  optional  with  the 
speaker. 

"9. — That  the  use  of  lantern  slides  for  illustrating  papers  and  discus- 
sions be  encouraged,  and  that,  when  considered  advisable  by  the  Publica- 
tion Committee,  the  Society  have  slides  made,  at  its  expense,  from 
photographs  or  plans  furnished  by  the  author." 

The  President. — This  report  does  not  call  for  any  action  on  the 
part  of  the  Society,  unless  the  Society  requires  it. 

The  Secretary. — The  following  amendment  to  Article  VII  of  the 
Constitution  has  been  received.  It  has  been  mailed  to  all  members;  it 
reads  as  follows: 

Proposed  "Amend    Article    VII — Nomination    and    Election    of    Officers — as 

Amendments    f  ^jj^^^^  ^ 

Constitution. 

'^Strike  out  Section  1,  and  substitute  the  following: 

"  'The  Board  of  Direction  shall,  from  time  to  time,  divide  the  territory 
occupied  by  the  membership  into  thirteen  geographical  districts,  to  be 
designated  by  numbers.  District  No.  1  shall  be  the  territory  within  fifty 
miles  of  the  Post  OfBce  in  the  City  of  New  York.  Each  of  the  other 
districts  shall  be,  as  nearly  as  practicable,  contiguous  territory,  and  shall 
be  designated  as  Districts  Nos.  2,  3,  4,  5,  6,  7,  8.  9,  10,  11,  12,  and  13. 
The  Board  shall  announce  such  division  to  the  Society  on  or  before  the 
first  day  of  March  in  each  year.' 

"Strike  out  the  first  paragraph  of  Section  2,  and  substitute  the 
following: 

"•  'At  the  Annual  JMeeting  of  each  year,  seven  Corporate  Members, 
not  officers  of  the  Society,  shall  be  appointed  by  the  meeting  to  serve  for 
two  years.  They  shall  be  selected  so  as  to  provide,  with  the  seven  mem- 
bers holding  over,  two  members  from  District  No.  1,  and  one  from  each 
of  the  remaining  twelve  Districts ;  and  these,  with  the  five  living  last 
Past-Presidents  of  the  Society,  shall  be  a  committee  to  nominate  officers 
for  the  Society.' 

"Strike  out  the  word  'and'  in  the  fifteenth  line  of  the  third  paragraph 
of  Section  2,  and  after  the  figure  -7'  add:  ',  8,  9,  10,  11,  12,  and  13.'" 
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TiiK  PiiKsiDKNT. — Tills  iiiattor,  luidcr  tho  Coustitution.  comes  neces-  Discussion  on 

.,,,  ,  .  ,,  T  1111  J.1  Proposed 

siirily  lietore  tho  meetiiifi-.  iiml  tluu  tlic  aineiulment  shall  he  votea  upon    Amerximents 

as  anuMulcd,  and  if  not,  it  shall  go  to  ballot  as  it  is.  Constitution. 

Fkkdkkic  II.  Fay,  M.  Am.  Soc.  0.  Tv — There  being"  two  amendments 
jiroposed  on  this  subject.  I  move  that  these  two  amendments  to  Article 
VII  be  considered  together. 

The  Prksident. — You  have  heard  the  motion;  what  is  your  pleasure? 

Wai.tki!  TT.  r.AiiA(;AN,  ^I.  Am.  Soc.  C.  E. — I  move  that  the  amend- 
ments Id  the  Constitution  be  taken  up  separately. 

Till-  I'uKsiDENT. — ^fr.  Fay's  motion  is  that  the  amendments  to 
Art  ilk'  VII  be  considered  together. 

J.  A.  OcKERSON,  Past-President.  Am.  Soc.  C.  E. — If  so,  they  would 
have  to  be  voted  on  together.  I  think  each  amendment  ought  to  be 
considered  by  itself  on  its  own  merits.  One  deals  with  the  arrange- 
ment of  districts  which  is  entirely  independent  from  the  Nominating 
Committee,  and  they  should  be  voted  upon  independently. 

The  President. — What  is  your  pleasure  with  the  motion  that  the 
amendments  be  considered  independently  ? 

The  ayes  and  noes  were  called  for  and  the  question  was  declared 
carried. 

A  Member. — I  w(nild  like  the  Secretary  to  explain  about  the  ar- 
rangement of  districts. 

The  Secretary. — As  a  member  of  the  Committee  of  the  Board 
which  studied  this  matter  I  can  perhaps  explain  the  effect  of  this 
amendment.  At  present  we  have  seven  Geographical  Districts,  the 
Resident  District,  and  six  others.  The  difficulty  heretofore,  and  at 
present,  is  that  the  outlying  districts  are  geographically  too  large. 
The  representatives  from  those  districts  do  not  represent  any  s]iecial 
community  in  some  cases,  and  the  idea  of  adding  six  more  districts 
is  that  while  the  number  of  members  of  the  Nominating  Committee, 
and  of  the  Hoard  of  Direction,  would  be  exactly  the  same,  each  of  those 
members  will  represent  more  nearly  a  constituency,  ifhat,  in  brief, 
is  the  idea.  It  is  in  order  to  get  as  nearly  as  possible  the  same  number 
of  members  in  each  of  the  several  districts.  In  the  present  arrange- 
ment we  have,  for  instance,  Virginia  and  Texas  in  the  same  District; 
the  States  of  Washington  and  Colorado  in  the  same  District;  and  the 
Xew  England  States  in  the  same  District  as  all  of  Canada,  Euroi)e,  and 
Africa.  It  is  thought  that  by  having  six  more  districts  the  membership 
of  the  Society  will  be  able  to  have  a  more  direct  representation  on  the 
Board  and  on  the  Nominating  Committee. 

The  President. — This  vote  is  not  on  the  amendment,  but  sim])ly  as 
to  whether  it  shall  be  amended  before  it  is  sent  out  to  the  Society  for 
ballot. 

A  ^Iember. — Do  I  understand  that  that  simply  api)lies  to  Section 
1,  or  to  the  whole  thing? 
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Discussion  on         The  PRESIDENT. — To  Section  1. 
(contin'ued)^         The  SECRETARY. — But  the  vote  is  on  the  whole  thing? 

The  President. — Yes,  the  amendment  which  is  on  this  sheet,  en- 
titled "An  Amendment  to  Article  VII,"  contains  this  section.  Now, 
do  you  wish  these  to  be  considered  section  by  section? 

A  Member. — Was  not  that  motion  carried? 

The  President. — I  did  not  so  understand  it. 

The  Secretary. — The  first  of  these  sections  simply  divides  the 
territory  occupied  by  the  Society  into  13  instead  of  7  Districts,  and 
the  other  provides  how  the  Nominating  Committee  shall  be  appointed 
from  those  districts. 

The  President. — The  motion  has  reference  to  Section  1  of  Article 
Vn.     Those  in  favor  of  passing  Section  1  of  Article  VII 

The  Secretary. — Pardon  me,  Mr.  President,  I  do  not  think  that 
is  necessary.  The  Constitution  says  it  shall  be  sent  to  ballot  unless 
amended  in  a  manner  pertinent  to  the  original  amendment. 

The  President. — Then,  shall  it  pass? 

D.  C.  Humphreys,  M.  Am.  Soc.  C.  E. — It  would  certainly  help  me 
very  much  if  some  member  would  express  his  approval  of  the  motion 
or  of  the  amendment  as  proposed.  I  think  it  would  be  a  valuable  guide 
to  men  living  at  a  distance.  A  man  living  at  a  distance  may  read 
that  the  section  was  approved,  and  it  is  likely  if  he  is  pleased  with  it, 
that  he  will  vote  for  it.  Now,  I  move  that  we  get  an  expression  of  the 
views  of  the  Society  on  it. 

The  President. — Mr.  Humphreys  moves  that  the  meeting  express 
its  approval  of  the  amendment  to  Section  1. 

J.  A.  Bensel,  Past-President,  Am.  Soc.  C.  E. — I  think  an  action  of 
this  kind,  with  the  small  number  present,  would  be  distinctly 
opposed  to  what  is  contained  in  the  Constitution,  which  is  that  these 
matters  should  receive  approval  or  disapproval  on  letter-ballot.  It 
should  not  go  out  as  an  amendment  to  the  Constitution  with  the  ap- 
proval or  disapproval  of  this  meeting.  I  therefore  move'  in  amendment 
that  this  meeting  do  not  pass  oificially  on  any  of  the  amendments  to 
the  Constitution  as  proposed. 

Gardner  S.  Williams,  M.  Am.  Soc.  C.  E. — I  beg  to  take  issue  with 
the  view  of  the  last  speaker.  The  Constitution  provides  that  we  can 
act  on  them  at  this  meeting  and  send  them  to  the  Society  to  be  voted 
upoii.  Surely,  if  we  can  vote  in  favor  of  the  amendments,  or  vote 
to  make  an  amendment,  we  have  the  right  to  say  whether  we  are 
satisfied  with  one  when  it  is  proposed.  I  think  the  membership  will 
be  better  qualified  to  discuss  them  right  here,  if  the  Society  has  the 
right  to  discuss  them,  and  set  its  approval  on  them  in  this  form.  It 
seems  to  me  that  the  last  speaker  is  mistaken,  and  I  would  endorse  the 
motion  already  put. 

Mr.  Ockerson. — It  has  got  to  go  to  ballot  unless  amended. 
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Frank  W.  Skinner,  M.  Am,  Soc.  C,  E, — I  do  not  think  it  is  a  ques- 
tion of  approval  or  disapproval.  It  might  not  be  right  to  do  that,  but 
I  think  Mr.  Williams  is  right  when  he  says  that  we  have  the  privilege 
of  amending  the  amendment,  and  that  this  body  has  the  right  to 
approve  of  any  amendment,  as  this  is  the  fountain-head  of  informa- 
tion for  the  body.  I  think  it  is  certain  that  those  amendments  are 
entirely  proper,  and  there  exists  here  the  probable  information  to 
aocpiaint  us  with  the  probable  effect  and  operation  of  those  amend- 
ments, and  what  their  value  will  be,  and  I  think  it  would  be  a  good 
thing  and  would  clear  the  atmosphere,  and  help  those  here,  as  well  as 
those  removed  from  us,  to  discuss  the  matter.  . 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E.— It  seems  to  me  there  should 
be  provision  for  obtaining  the  views  of  all  the  members  of  the  Society, 
rather  than  merely  those  who  are  here,  and  thus  get  both  sides 
of  the  question.  I  feel  that  we  are  here  to  revise  the  Constitution,  if 
it  is  needed,  and  if  not,  we  can  pass  on  these  resolutions  with  our 
approval,  so  far  as  this  meeting  goes. 

T.  Kexnard  Thomson,  M.  Am.  Soc.  C.  E. — There  has  been  no 
apparent  objection  to  the  amendments,  and  I  therefore  move  that  the 
discussion  close. 

The  President. — It  seems  proper  that  this  meeting  should  take 
some  line  of  action  expressing  its  approval  of  the  amendments. 

H.  J.  BuuT,  M.  Am.  Soc.  C.  E. — I  would  like  to  hear  from  some 
one  who  has  given  consideration  to  this  amendment,  and  to  hear  in 
full  the  reasons  for  its  introduction. 

The  President. — The  motion  is  that  this  meeting  express  its  ap- 
proval of  Section  1  of  Article  VII. 

The  motion  was  put  and  declared  carried. 

The  President. — Now,  as  to  Section  2 — does  anybody  wish  to 
amend  the  amendment  to  Section  2? 

Mr.  Fay. — There  are  two  amendments  to  Section  2,  both  of  which 
are  different,  and  I  think  they  should  be  considered  together.  The 
first  was  read  by  the  Secretary,  but  the  second  has  not  been  read,  and 
I  move  that  we  consider  them  both  together.  They  have  to  do  with 
either  the  election  or  the  appointment  of  the  Nominating  Committee. 

A  Member. — I  second  that. 

Mr.  Gahagan. — There  is  something  I  would  like  to  understand. 
These  amendments  are  referred  to  us,  and  I  would  like  to  hear  them 
read.  Is  it  that  we  shall  have  a  larger  number  of  units  in  the  mem- 
bership';!   I  do  not  understand  whether  or  not  that  is  part  of  Section  2. 

The  Secretary  read  the  following  proposed  amendment: 

"Amend  Article  VII  as  follows:  Second 

-n                                     1            f     ■<  Proposed 

'^Article  VII,  Section  2. — Strike  out  Paragraphs  1   and  2  of  Sec-  Amendment 

tion  2  of  Article  VII  and  suhstitute  therefor  the  following  section:  constitution. 
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Second  "  *2. — Seven   Corporate   Members,   not   officers   of   the   Society,   one 

Amendment  from  each  of  the  geographical  districts,  shall  be  elected  annually  in 
to  the  the  manner  herein  prescribed  to  serve  for  two  years;  these  members 
(cont/nued*)^  ^^i^^i  the  seven  members  holding  over  and  the  five  living  latest  Past- 
Presidents  of  the  Society  to  constitute  the  Nominating  Committee 
to  nominate  officers  for  the  Society.  The  manner  of  election  shall 
be  as  follows :  Before  the  fifteenth  day  of  September  there  shall  be 
mailed  to  each  Corporate  Member,  whose  address  is  known,  a  notice, 
with  form  and  envelope  for  voting,  requesting  him  to  suggest  the 
name  of  one  Corporate  Member  (not  an  officer  of  the  Society)  from 
his  district  as  a  candidate  for  nomination  for  member  of  the  Nom- 
inating Committee;  these  suggestions  to  be  made  to  the  Board  of 
'  Direction  by  a  preliminary  letter  ballot  to  be  received  by  the  Board 
at  a  meeting  to  be  held  about  the  first  of  Noveinber,  and  opened  at 
said  meeting  and  counted  under  the  direction  of  the  Board.  The  polls 
shall  be  closed  at  noon  on  the  day  of  said  meeting  and  the  time  of 
closing  the  polls  shall  be  stated  in  said  notice.  Before  the  first  day 
of  December  there  shall  be  mailed  to  every  Corporate  Member  whose 
address  is  known  a  second  notice,  with  form  and  envelope  for  voting, 
said  notice  to  state  the  time  of  closing  the  polls  on  the  final  ballot  and 
to  contain,  as  nominees  for  the  Nominating  Committee  from  each 
district,  the  names  and  residences  of  the  two  persons  receiving  the 
highest  number  of  votes  in  such  district,  in  the  order  of  their  stand- 
ing as  the  result  of  the  preliminary  ballot.  In  case  two  or  more 
persons  receive  the  same  vote  for  first  or  second  place  on  the  prelim- 
inai-y  ballot  the  names  of  all  such  persons  shall  appear  on  the  second 
notice.  Each  voter  may  vote  only  for  one  member  of  the  Nominating 
Committee  from  his  district.  On  the  final  ballot  the  polls  shall  close 
at  noon  on  the  day  preceding  the  Annual  Meeting  and  the  ballots  shall 
be  canvassed  under  the  direction  of  the  Board  of  Direction.  The  seven 
members  receiving  the  highest  votes  in  their  respective  districts  on 
the  final  ballot  shall  be  declared  elected  members  of  the  Nominating 
Committee.  Announcement  of  elections  by  this  ballot  shall  be  made 
at  the  Annual  Meeting.  In  case  of  a  tie  vote  in  any  district,  the 
Annual  Meeting  shall  elect  the  member  of  the  Nominating  Committee 
from  among  the  persons  so  tied.  Vacancies  in  the  Nominating  Com- 
mittee may  be  filled  by  the  Board  of  Direction.' 

"Paragraphs  3  and  4  of  Section  2  of  Article  VII  shall  constitute 
a  new  section  numbered  3,  and  for  the  words  'This  committee'  in 
the  first  line  of  Paragraph  3  substitute  the  words  'The  Nominating 
Committee.' 

"Sections  3,  4,  5,  6,  and  7  of  Article  VII  shall  be  renumbered  Sec- 
tions 4,  5,  6,  7,  and  8,  respectively. 

"In  the  second  sentence  of  present  Section  5  (new  Section  6)  of 
Article  VII,  insert  after  the  word  'nominated'  the  words  'for  Officers 
of  the  Society,'  so  the  said  sentence  shall  read : 

"  'This  ballot  shall  include  the  names  and  residences  of  all  persons 
nominated  for  Officers  of  the  Society  in  accordance  with  this  Article, 
their  grades  of  membership,  and,  in  case  of  nominees  for  Directors, 
the  number  of  the  district  in  which  they  reside.'  " 
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^fii.   WiLMAMs. — I  would  like  to  call  attention   to  the  fact  that  if     Discussion 
this  ;inicii(hneiit  be  adopted  as  at  present,  and  we  also  adopt  an  amend-  Amendments 
inent    to    the    Constitution    changing    the    number    of    districts,    there   constitution 
will  be  an  incongruity  in  the  language  of  this  amendment,  with  the 
language   of   the    Constitution    whereby   there   be   seven   districts.      I 
move  that  in  this  amendment  be  struck  out  the  word  "Seven"  and  in- 
serted the  word  "One,"  and  changing  the  word  "Members"  to  "Member," 
the  word  "officers"  to  "an  officer,"  so  that  the  Article  will  read :     "One 
( 'orporate   ^lember.   not   an   officer  of   the   Society,   from   each   of   the 
geographical   districts   shall  be  elected   annually,"   and   then,   no   mat- 
ter how  many  districts  there  are,  we  will  have  one  representative. 

Mr.  Fay. — I  would  like  to  call  attention  to  the  fact  that  if  Mr. 
Williams'  amendment  is  carried  it  will  double  the  number  of  representa- 
tives on  the  Xominating  Conmiittee.  If  one  is  elected  from  each  dis- 
trict for  a  period  of  two  years,  instead  of  having  14  we  should  have  28, 
and  I  would  offer  as  an  amendment  to  the  amendment  already  pro- 
posed,  and  also  for  the  election   of  the   Nominating   Committee. 

[Mr.  Fay  handed  to  the  Secretary  a  typewritten  sheet,  containing 
Section  1  of  the  proposed  amendment  relating  to  increase  in  the  num- 
ber of  Districts,  coupled  with  his  proposed  amendment  in  relation  to 
the  method  of  electing  the  Nominating  Committee.  This  was  not 
read.] 

;Mr.  Williams. — Is  it  the  intention  to  have  the  members  of  the 
Xominating  Committee  elected  for  two  years? 

Till-:  Secrktarv. — In  this  amendment  proposed  by  Mr.  Fay,  it  is 
proposed  to  make  the  last  amendment  conform  to  the  thirteen  districts 
instead  of  the  seven.     It  is  very  clear  that  that  is  all  it  does. 

TiiK  President. — Does  the  Society  wish  to  have  it  read?  The 
amendment  which  was  proposed  by  this  meeting  a  few  minutes  ago,  if 
carried  l)y  this  Society,  will  divide  it  into  more  than  the  ])resent  num- 
ber of  Districts.  The  amendment  which  the  Secretary  read  first  did  not 
contemplate  any  division  into  a  greater  number  of  Districts,  but  that 
amendment  has  been  amended  so  as  to  take  into  account  the  greater 
number  of  districts  provided  if  the  previous  amendment  is  carried.    , 

Mr.  Williams. — Then,  as  this  appears  to  cover  the  point.  I  with- 
draw. 

The  Secretary. —  1  woidd  like  to  move  another  amendment  to  that 
proposed  by  Mr.  Fay,  to  the  effect  that  the  word  "last"  be  changed  to 
the  word  "latest,"  this  being  the  word  used  in  another  part  of  the 
Constitution. 

Chas.  F.  LdWETii.  ^I.  Am.  Soc.  C.  E. — I  would  like  to  know  if 
this  would  restrict  our  vote  to  but  one  member  of  -the  Xominating 
Committee.  As  I  understand  it,  we  would  be  limited  by  ballot  to  vote 
for  but  one  member  of  the  Nominating  Committee. 

'Mr.   Fay. — The  procedure   for  the   election   is   to   be   substantially 
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Discussion     the  same  as  now — that  is,  suggestions  are  sent  in  and  a  ballot  is  sent 

AmcDdments   out  on  which  at  the  present  time  we  vote  for  one  member  of  the  Nomi- 

(continue  ).    j^g^-jj^g  Committee  from  our  district.     That  is  to  be  followed   in   the 

future,   only   instead   of   having  the  ballot   ratified   at  your  meetings, 

it  provides  for  the  definite  election  of  the  Nominating  Committee. 

Mr.  Loweth. — We  ought  to  make  it  possible  to  have  the  members 
of  the  Society  vote  for  a  larger  number  than  one  member.  I  am  inter- 
ested in  this  question,  not  only  as  the  representative  of  my  district, 
but  other  districts,  and  it  seems  wrong  to  vote  for  only  one  member 
of  this  Nominating  Committee. 

Mr.  Ockerson. — Does  this  cover  all  the  amendments  to  Article  VII  ? 

The  Secretary. — This  completes  the  amendments. 

Mr.  Ockerson. — There  is  one  that  the  members  have  already  passed 
on? 

The  President. — That  is  Section  1. 

Mr.  Ockerson. — Is  that  included  in  this? 

The  Secretary. — Yes. 

Mr.  Williams. — As  a  question  of  the  English  language,  I  do  not 
think  it  is  proper  to  say  "The  five  last  or  latest,"  as  there  can  be  only 
one  of  ea.ch,  but  it  should  be  the  "last  five  or  the  latest  five,"  and  I 
would  move  that  the  language  be  changed  to  the  following:  "the 
latest  five  presidents,  etc."     (Laughter.) 

The  Secretary. — I  am  sorrj^  I  spoke.     (Laughter.) 

The  President.- — Now,  the  amendment  before  us  is  the  amendment 
to  Section  2  of  Article  VIL 

Onward  Bates,  Past-President,  Am.  Soc.  C.  E.— It  seems  to  me 
that  this  Society  should  have  the  final  vote  on  those  members  of  the 
Nominating  Committee.  It  does  not  seem  to  me  that  the  vote  of  the 
District  should  be  final,  and  I  should  think  we  ought  to  have  the 
final  word.  It  strikes  me  that  it  would  be  necessary  to  retain  that 
right.  I  would  like  to  hear  from  Mr.  Fay  on  that — I  think  he  origi- 
nated that  idea. 

Mr.  Fay. — I  am  asked  a  question,  but  I  do  not  know  whether  I  can 
answer  it,  for  we  are  getting  this  matter  so  badly  confused  among 
ourselves.  I  think  it  would  be  bearing  on  the  discussion  to  call  atten- 
tion to  the  fact  that  we  scarcely  know  where  we  art  at,  or  wliat  we 
are  doing.  We  have  two  different  amendments,  either  one  of  which 
will  kill  the  other.  It  is  very  imfortunate  to  have  to  amend  either  of 
these  amendments,  so  they  would  go  out  to  the  members  to  be  voted 
upon  in  such  a  shape  that  they  could  not  amend  it.  There  might  be 
something  they  would  like  to  amend  if  they  had  the  opportunity,  but  in 
the  way  they  are  mixed  up  now,  it  is  hard  to  answer  yes  or  no  to  this 
question.  Is  it  to  the  effect  that  our  Annual  Meeting  should  retain 
the  right  to  confirm  the  election  of  members  of  the  Nominating 
Committee? 
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.Mr.  Bates. — That  is  the  opinion  I  hold. 

A  ^NFember. — I  hold  that  view,  too;  and  I  wish  to  say  that  in  a 
large  district  we  have  diflBculty  in  electing  a  Nominating  Committee. 
Ver>'  few  take  part  in  the  election,  and  in  the  pa.st  we  have  had  mem- 
bers wlio  were  chosen  just  by  chance,  and  if  we  do  not  retain  the  right 
to  confirm  the  election  we  are  apt  to  have  a  very  poor  membership. 

The  President. — The  Chair  does  not  understand  that  there  are  two 
matters  here  in  conflict.  The  amendment  to  Section  1  has  been  car- 
i-ied  by  the  Society,  and  the  amendment  to  Section  2  is  up.  The 
(luestion  arises  as  to  whether  they  will  bo  voted  on  separately.  If 
that  were  done,  I  think  the  diflBculty  would  be  obviated. 

A  ^Member. — It  seems  to  me  that  there  are  two  diflferent  forms  for 
amending  the  same  Section  of  the  same  Article,  and  we  cannot  cut 
out  one  Section  of  an  Article,  and  .-substitute  something  else,  and 
then  make  another  that  changes  both. 

Charles  M.  Davis,  Assoc.  M.  Am.  Soc.  C.  E. — I  am  a  member 
from  one  of  the  extreme  outlying  Districts  and  have  never  attended 
a  meeting  of  the  Society  in  our  home,  and  for  that  reason  I  keep  in 
poorer  touch  with  the  things  that  happen  there  than  perhaps  I  should. 
The  Constitution,  if  amended,  must  carry  some  reasons  for  its  amend- 
ment, but  members  unfamiliar  with  the  clauses  of  these  amendments 
have  very  little  chance  to  understand  the  conditions.  I  would  like  to 
ask  that  this  amendment  be  explained  and  that  the  party  who  pro- 
posed it  give  us  his  objections  to  the  Constitution  as  it  exists.  I  be- 
lieve some  persons  may  see  the  advisability  of  putting  this  into  the 
Constitution,  but  I  do  not  believe  in  meddling  with  our  Constitution 
to  any  great  extent,  except  where  it  is  absolutely  necessary.  If  it 
has  been  satisfactory  in  the  past,  why  should  it  not  be  permitted  to 
continue  that  way?  I  believe  it  is  simply  a  difference  between  the 
English  Constitution  and  our  own.  In  our  own  we  have  very  few 
amendments.  The  English  Constitution  is,  of  course,  the  entire  law 
iif  the  land,  and  if  we  are  to  take  our  own  Society's  Constitution  and 
incorporate  in  it  all  the  modes  of  procedure,  then  we  are  violating  the 
principles  of  the  Constitution  of  o\ir  own  United  States,  and  I  per- 
sonally see  very  little  use  in  putting  in  an  amendment  or  changing 
the  Constitution  if  it  is  not  necessary. 

Mr.  Gahagan. — I  am  very  much  in  sympathy  with  the  last  speaker. 
We  have  a  Constitution  that  has  been  working  very  well,  and  a  dis- 
tinct board  of  officer.s  of  the  Society,  and  I  am  under  the  impression 
that  this  case  did  not  originate  with  the  officers,  but  perhaps  two  or 
three  per  cent,  of  the  members,  or  about  ninety  members  out  of  five 
thousand. 

The  President. — That  perhaps  does  not  represent  the  number  in 
favor  of  it. 
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Discussion  Mr.    Gaiiagan. — That    is    the   idea.     I   do    not    understand   why    it 

AmrndmeDtL  should  be  put  to  vote. 

(continued).  j^i^   Fay. — The  amendment  providing  for  the  election  of  the  Nom- 

inating Committee  is  the  result  of  careful  consideration  on  the  part 
of  a  sufficient  number  of  members  from  different  parts  of  the  countrj' — 
men  who  have  had  close  connection  with  the  affairs  of  the  Society, 
either  as  members  of  the  Board  of  Direction,  or  members  of  the 
Nominating  Committee.  It  is  not  by  any  means  a  hasty  action,  and 
furthermore,  the  number  of  names  signed  to  this  amendment  does  not 
by  any  means  represent  the  number  of  people  in  favor  of  it,  as  I 
have  heard  some  expressions  in  favor  of  it  from  all  parts  of  the 
country,  and  especially  at  the  Seattle  Convention  last  year.  At  the 
present  time  one  nominee  is  nominated  for  each  particular  office  of  the 
Society.  So  far  as  the  election  of  officers  is  concerned,  there  is  no 
choice  by  the  Society  itself.  The  full  responsibility  for  the  election 
of  the  officers  of  the  Society  practically  rests  with  the  Nominating 
Committee — they  are  the  ones  who  actually  select  the  officers  for 
this  organization.  It  is  felt  that  this  Nominating  Committee  is  per- 
haps the  most  important  committee  that  this  Society  has,  and  it 
should  be  selected  with  great  care  and  in  the  proper  form.  Within 
the  last  few  years,  as  has  been  suggested  by  Past-President  Bates,  the 
method  provided  for  the  nomination  and  election  of  the  Nominating 
Committee  has  been  carried  out  by  a  preliminary  ballot  which  asks 
for  suggestions  of  names  from  each  District  to  serve  on  the  Com- 
mittee, and  then  a  second  ballot  is  sent  out  which  is  also  informal, 
and  the  returns,  when  they  come  in,  do  not  come  in  the  form  as 
provided  for  in  the  election  of  officers,  but  the  ballots  come  in,  and, 
so  far  as  I  know,  any  employee  or  any  one  in  the  Secretary's  office 
may  have  access  to  these  ballots.  It  seems  to  me  that  it  should  be 
safeguarded  the  same  as  the  election  of  officers,  that  the  ballots 
should  come  in  in  proper  form,  and  provision  made  for  the  ballots 
being  counted  by  the  Board  of  Direction,  the  same  as  in  the  case  of 
the  election  of  other  officers.  The  whole  idea  is  to  provide  for  the 
election  of  a  Nominating  Committee,  making  the  matter  one  of 
greater  importance  than  at  present,  because  the  Nominating  Com- 
mittee is  the  one  which  practically  elects  the  officers  of  this  Society. 

]\Ir.  Bates. — I  would  like  to  differ  with  the  last  speaker,  for  that 
is  not  my  idea  of  it,  I  think  this  amendment  takes  away  from  the 
Annual  Meeting  the  right  of  electing  members  to  the  Nominating 
Committee  and  it  is  doubtful  if  that  is  a  good  thing  to  do. 

J.  Waldo  Smith,  Vice-President,  Am.  Soc.  C.  E. — I  am  at  sea  in  this 
matter,  and  I  would  like  to  see  these  amendments  disposed  of  entirely. 
I  would  ask  that  they  be  considered  separately. 

The  Presjdent. — Section  1  of  Article  VII  has  been  disposed  of, 
but  not  the  amendment  as  a  whole. 
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Mit.  Smith. — I  do  not  see  how  they  can  lie  considorod  tntivtlior — 
1  di/i  not  tliink  that  was  the  idea. 

Thk  Prp:sidknt. — The  vote  which  I  put,  and  which  was  carried, 
was  that  Socti(in  1  of  Article  VII  as  read  was  ai)provod  by  the 
Sncirty,  and  we  arc  now  considering  Section  2  and  the  two  amend- 
nionts  to  it. 

;M.  J.  RiGGS,  M.  Am.  Soc.  C.  E. — As  I  understand  the  two  amend- 
tncnts  t(i  Section  2  of  Article  VII,  the  one  read  by  the  Secretary  only 
makes  changes  as  to  the  Districts,  while  the  other  changes  the  entire 
result.  Both  of  those  amendments  will  have  to  go  to  vote — the  whole 
inenibpr>-hip  will  have  to  vote  on  these  two  methods  of  cariying  on 
our  bu.siuess.  It  is  well  enoiigh  to  consider  it  here,  but  I  can  take 
the  choice  of  the  two  when  it  comes  to  me.  Personally,  I  am  in 
favor  of  the  amendment  of  Mr.  Fay,  but  that  is  not  for  me  to 
decide  here. 

1'iiK  President. — I  think  you  are  right — we  should  vote  to  send 
out  the  ballots  on  each  section  separately — not  that  the  whole  thing 
should  be  carried  on  in  its  entirety. 

A  Member. — We  agree  on  Section  1  making  more  Districts.  Now 
we  only  disagree  on  Section  2,  and  I  can  have  my  choice  w'hen  ready 
to  vote  on  this  matter. 

^Ir.  Of'KERSox. — Seeing  that  Mr.  Fay  has  offered  an  amendment — 
the  one  already  sent  out — if  this  is  the  case,  I  move  that  Mr.  Fay's 
amendment  be  adopted  so  that  we  will  get  results  one  way  or  the  other. 

The  Secretary. — I  may  be  able  to  clear  this  np  by  saying  that  a 
member  who  is  in  favor  of  dividing  the  Society  into  thirteen  dis- 
tricts instead  of  seven  as  we  now  have,  and  who  is  not  in  favor  of 
Afr.  Fay's  amendment  as  to  the  election  of  a  Nominating  Com- 
mittee, wo\dd  be  unable  to  express  his  opinion — he  would  have  to  vote 
against  this  amendment. 

The  President.— Mr.  Fay's  motion  is  in  two  parts.  If  the  Society 
votes  separately  on  those,  what  difference  will  it  make? 

The  Secretary. — I  do  not  think  it  will  make  any. 

A  Member. — I  think  the  Chair  is  quite  right  in  saying  that  they 
should  be  set  out  separately,  because  they  may  be  amended  by  a  ma- 
jority of  the  meeting.  I  maintain  that  the  amendment  which  provides 
for  the  election  of  a  Nominating  Committee  cannot  be  amended  by 
being  divided  at  this  meeting  and  the  first  amendment  substituted  for 
it.  It  is  not  an  amendment  to  the  original  motion,  but,  as  the  President 
says,  that  the  Society  be  allowed  to  take  the  method  it  desires,  and 
I  consider  that  fair. 

A.  X.  Talbot,  M.  Am.  Soc.  C.  E. — I  can  see  some  possible  results 
from  that  which  might  not  be  satisfactory.  For  instance,  both  of  those 
amendments  might  be  adopted,  in  which  case  there  would  be  a  question 
as  to  the  legality  of  the  vote.     Again,  either  one  of  the  two  sections 


440  FORTY-FIFTH  ANNUAL  CONVENTION       [Society  Affairs. 

Discussion     of  Section  2  might  be  adopted,  or  Section  1  be  adopted,  in  which  case 
on  Proposed     , ,  ,  i  i    i        n       i  ■    ,•  t  ,         .  -    .      .  .,  , 

Amendments   the  result  would  hardly   be  satisiactory.     1   wonder   if   it   is  possible 

(con  inue  ).    ^^  agree  on  an  amendment  to  each  of  these  in  a  way  that  would  be 

identical,  and  if  necessary  to   set   out  the   amendments  so  that   they 

be  both  the  same. 

R.  S.  Weston,  M.  Am.  Soc.  C.  E. — Might  I  ask  that  the  consistent 
amendments  be  grouped,  and  that  they  be  voted  upon  on  the  Australian 
ballot  system? 

The  Secretary. — There  does  not  seem  to  be  any  difficulty.  You 
have  an  amendment  to  Section  1  of  this  Article,  and  an  amendment 
to  Section  2,  and  they  could  be  put  together.  I  think  every  member 
would  have  an  idea  which  he  wanted  to  vote  for. 

The  President. — The  motion  has  been  made  that  Mr.  Fay's  amend- 
ment be  approved  by  this  meeting  and  sent  out  to  ballot. 

A  Member. — I  wished  you  to  decide  whether  this  body  wanted  to 
amend  this  one  or  send  out  the  original  one. 

The  President. — Do  you  wish  to  propose  any  amendment  to  Mr. 
Fay's  amendment? 

A  Member. — I  move  that  Mr.  Fay's  amendment  to  the  original 
amendment  to  Article  VII,  which  was  circulated  on  four  sheets  of 
paper,  be  approved  by  this  meeting  and  sent  out  to  letter-ballot. 

Mr.  Bensel. — I  have  just  been  wondering  whether  that  extreme 
pessimism  which  was  mentioned  in  our  President's  Address  can  apply 
to  the  members  who  are  transacting  our  business.  Here  we  come  to 
one  of  the  most  important  things  the  Society  has  to  deal  with,  the 
care  of  its  Constitution.  The  amendment  has  been  created — the 
Secretary  and  President  have  tried  to  explain  how  it  applied,  and  with- 
out any  reference  to  that  particular  brand  of  intelligence  which  the 
rest  of  the  members  have  at  their  command,  I  am  bound  to  confess 
that  I  do  not  understand  the  application  of  these  principles  to  the 
Constitution.  It  seems  to  me  that  this  method  being  pursued,  al- 
though it  may  be  in  line  with  the  Constitution,  is  one  that  cannot  but 
lead  us  into  difficulty.  Even  if,  as  Mr.  Fay  has  said,  the  amendment  shall 
be  pertinent  to  the  amendment  as  it  was  originally,  it  seems  to  me  that 
this  meeting  might  send  out  these  amendments  as  proposed,  and  send 
it  in  either  case  with  the  Committee's  opinion  of  these  amendments, 
and  with  particular  reference  as  to  how  they  would  apply  to  the  Con- 
stitution as  it  now  is.  In  that  way  the  general  membership  of  the 
Society  would  be  advised  as  to  what  is  intended  by  the  amendments 
and  would  not  be  led  into  amending  the  Constitution  without  the 
knowledge  of  how  it  would  apply.     (Applause.) 

The  President. — The  motion  is  that  Mr.  Fay's  amendment  to  the 
original  amendment  be  adopted. 

Mr.  Thomson. — Would  that  not  conflict  with  the  motion  you  have 
already  passed  in  regard  to  the  first  section? 
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The  Phksident. — I  think  not.  We  have  considered  Section  1.  and 
we  are  now  considering-  Section  2  only. 

Mr.  Loweth. — Would  not  Mr.  Fay  change  his  amendment  to  make 
it  read  in  this  way,  that  each  voter  may  vote  for  but  one  member  of 
the  Nominating  Committee  from  each  district,  and  then  in  the  seventh 
line  from  the  bottom  of  this  printed  list  to  read :  "thirteen  members 
receiving  the  highest  vote  to  be  elected  members  of  the  Nominating 
Committee."  omitting  the  words,  "in  their  respective  district."  As 
it  stands  now  each  member  would  have  a  vote  for  one-fourteenth  of 
the  Nominating  Committee. 

E.  T.  Perkins,  M.  Am.  Soc.  C.  E. — I  move  that  the  motion  before 
the  house  be  amended  to  take  effect  as  ^Mr.  Bensel  suggests,  and  that 
the  motion  be  sent  out  from  this  meeting  as  suggested  by  the  Secretary. 

The  President. — I  do  not  think  that  is  as  Mr.  Bensel  suggested. 

Mr.  Bensel. — It  seems  to  be  for  the  benefit  of  the  Society  that 
they  should  be  sent  out  in  their  printed  form  as  at  present.  The  addi- 
tion of  such  advice  from  a  Committee  appointed  at  this  meeting,  ex- 
plaining in  what  manner  these  amendments  would  apply,  would  be 
of  value. 

The  President. — The  Constitution  provides  that  any  amendment 
must  be  sent  out  to  ballot,  or  referred  to  a  Committee. 

Mr.  Bensel. — I  was  just  w^ondering  if  we  could  not  by  having 
a  Committee  appointed  by  the  Chair  get  the  information  better  than 
by  continuing  this  discussion,  as  we  hardly  understand  the  amendment 
as  proposed. 

The  President. — They  must  go  out  as  amended. 

Mr.  Bensel. — We  have  them  as  originally  proposed,  although,  as 
I  say,  the  amendment  to  the  amendments  should  go  o\it  and  the  mem- 
bers vote  on  one  or  the  other. 

The  Secretary.— Mr.  President,  it  seems  to  me  that  if  a  motion 
is  made  that  the  Secretary  be  instructed  to  send  out  two  ballots,  one 
of  which  shall  embody  all  contained  in  the  first  of  these  amendments, 
which  relates  to  the  changing  of  the  number  of  Districts  from  seven 
to  thirteen,  and  to  retain  the  present  method  of  appointing  the  Nom- 
inating Committee;  and  also  to  send  out  a  similar  ballot  carrying  out 
the  idea  of  Mr.  Fay,  in  electing  a  Nominating  Committee,  having 
regard  to  the  new  form  of  Districting  the  Society,  that  this  will  enable 
the  members  to  decide  as  to  how  they  will  elect  the  Nominating  Com- 
mittee, and  have  thirteen  districts  or  seven;  those  are  the  only  ques- 
tions, and  it  would  be  easy  to  instruct  the  Secretary  to  send  out  such 
ballots  and  the  matter  would  then  be  put  before  the  Society. 

Allen  EfAZEN,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  the  matter 
hns  gone  beyond  this  meeting.  The  Constitution  provides  a  method 
by  which  a  matter  of  this  kind  may  be  referred  to  a  Committee,  and 
it   seems   to   be   emlnentlv   fitting  that   they   should   be   referred   to   a 
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Committee  for  presentation  in  better  shape,  and,  if  in  order,  I  move 
that  the  amendment  be  referred  to  a  Committee. 

The  President. — It  is  moved  and  seconded  that  these  amendments 
he  referred  to  a  Committee.  The  Constitution  provides  that  the  meet- 
ing may  refer  the  matter  to  a  Committee  for  further  information. 

Mr,  Ockerson. — I  was  anxious  to  see  Mr.  Fay's  amendment  dis- 
posed of  in  some  shape,  and  I  would  like  to  have  it  done. 

A  Member. — I  think  the  motion  to  refer  the  matter  to  a  Committee 
takes  precedence  of  all  other  motions. 

The  President. — Yes,  that  is  right. 

A  Member. — To  what  kind  of  a  Committee? 

The  President. — It  is  for  this  meeting  to  decide  how  it  is  to  be 
appointed. 

Mr.  Hazen. — I  think  that  is  a  matter  that  could  be  left  to  the 
President,  and  I  will  amend  my  motion  that  it  be  left  to  a  Committee 
of  five  to  be  appointed  by  the  President. 

The  President. — It  is  moved  and  seconded  that  the  whole  matter 
be  left  to  a  Committee  of  five,  to  report  at  the  next  meeting,  as 
provided  for  in  the  Constiti;tion. 

The  motion  was  put  and  carried. 

The  Secretary. — There  is  another  amendment  to  the  Constitution, 
which  must  come  before  this  meeting,  it  reads  as  follows: 

''Amend  Articles  V  and  VI  as  follows: 

"Article  V,  Section  1. — Strike  out  the  first  sentence  and  substitute 
the  following: 

"  'The  officers  of  the  Society  shall  be  a  President,  four  Vice- 
Presidents,  eighteen  Directors,  a  Secretary,  and  a  Treasurer.  These 
officers,  except  the  Secretary,  together  with  the  five  latest  living  Past- 
Presidents,  who  continue  to  be  members,  shall  constitute  the  Board 
of  Direction  in  which  the  government  of  the  Society  shall  be  vested, 
and  who  shall  be  the  Trustees  as  provided  for  by  the  laws  under  Vhich 
the  Society  is  organized.' 

"  'Article  V,  Section  2. — First  Paragraph.  In  first  sentence  strike 
out  ',  Secretary',  so  that  the  sentence  shall  read  as  follows : 

" 'The  terms  of  office  of  the  President  and  Treasurer  shall  be  one 
year;  of  the  Vice-Presidents,  two  years;  and  of  the  Directors,  three 
years.' 

"Second  Paragraph.  In  first  line  insert  after  the  word  'officer'  the 
words  'elected  by  the  Society'  so  that  the  paragraph  shall  read: 

"  'The  term  of  each  officer  elected  by  the  Society  shall  begin  at  the 
close  of  the  Annual  Meeting  at  which  such  officer  is  elected,  and  shall 
continue  fqr  the  period  above  named  or  until  a  successor  is  duly 
elected.' 

"Article  VI,  Section  J/.. — Strike  out  the  first  two  paragraphs  of  the 
section  and  substitute  therefor  the  following: 
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"  'The  Secretary  i^hall  bo  a  Corporate  ^lember  of  the  Society.  Tie 
shall  he  ele<-te(l  annually  by  the  Board  of  Direction  at  a  meeting?  to 
be  held  not  less  than  twenty  days  after  the  Annual  ^leetinp-  and  sJiall 
Iicld  the  office  until  his  successor  is  elected,  provided  that  a  majority 
of  the  whole  Board  of  Direction  shall  be  required  to  elect  the  Secre- 
tary ;  this  vote  to  be  taken  by  letter  ballot  to  be  canvassed  by  the 
Board  of  Direction  at  said  meeting.' 

*'  'He  shall  be,  under  the  direction  of  the  President  and  Board  of 
Direction,  the  executive  officer  of  the  Society.  His  wdiole  time  shall 
be  g-iven  to  the  Society.' 

"Article  VI.  Section  6. — In  the  second  line  after  the  word  'by' 
insert  the  words  'a  majority  of  and  after  the  word  'Direction'  insert 
the  followinp-:  ',  this  vote  to  be  taken  by  letter  ballot  to  be  canvassed 
by  the  Board  of  Direction';  so  that  the  section  shall  read  as  follows: 

''  '6. — The  Secretary  and  Treasurer  shall  be  paid  salaries  to  be 
determined  by  a  majority  of  the  Board  of  Direction,  this  vote  to  be 
taken  by  letter  ballot  to  be  canvassed  by  the  Board  of  Direction;  but 
>uch  salaries  shall  not  be  reduced  during-  the  term  of  office,  as  pro- 
vided in  this  Constitution.  All  other  salaries  shall  be  fixed,  from  time 
to  time,  by  the  Board  of  Direction.' " 

The  Secretary. — I  also  have  a  communication  from  a  number  of  Discussion  on 
members,  Mr.  President,  which  I  think  must  be  read.  Amendments. 

■"/''/  the  Business  Meeting  of  the  Annual  Convention- 
American  Society  of  Civil  Engineers: 

"Under  date  of  Ajn-il  30th,  1913,  several  proposed  amendments  to 
the  Constitution  of  the  Society  were  sent  in  regular  course  to  the 
members.  They  consist  of  two  groups,  one  of  which  changes  the  status 
of  the  Secretary  by  removing  him  as  a  member  of  the  Board  of  Direc- 
tion, and  adds  other  details  as  to  the  method  by  which  he  shall  be 
elected;  the  other  changes  and  fixes  the  details  of  the  procedure  for 
electing  members  of  the  Xomimiting  Committee,  and  incorporates  these 
details  in  the  Constitution,  taking  them  out  of  the  hands  of  the  Board 
of  Direction,  and  the  final  action  away  from  the  Annual  Meeting. 

"The  undersigned  believe  the  adoption  of  these  amendments  inimical 
to  the  best  interests  of  the  Society  for  the  following  reasons : 

"1.  No  amendment  to  the  Constitution  should  be  adopted,  or  even 
I)roposed,  unless  there  is  some  necessity  for  it. 

"2.  The  first  group,  if  adopted,  will  lessen  the  importance  of  the 
office  of  Secretajy.  If  it  is  intended  that  the  Secretary  shall  be  only 
a  clerk,  why  should  he  be  required  to  bo  a  Corporate  Member  of  the 
Society  ? 


•The  Secretary  read  the  communication  and  the  first  (14  names  signed  thereto,  and 
stated  that  in  addition  to  these  signers,  all  of  whom  either  are  or  have  been  Officers  of  the 
Society,  it  is  signed  by  'i'.'S  others  residing  in  23  of  the  United  States  as  well  as  in  Cuba, 
Panama.  Manitoba,  Ontario  and  Quebec,  and  that  of  the  total  number  of  signers— 762— 
3.58  live  m  the  Resident  District  and  -lul  are  Xon-Resident. 
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Discussion  on  "lender  the  requirements  of  the  Constitution,  which  the  proposed 
Amendments  amendment  does  not  change,  the  Secretary  is  the  Executive  Officer 
(continued),  ^f  ^jjg  Society,  and,  as  such,  must  represent  it  as  other  scientific, 
governmental  and  secular  organizations  are  represented.  He  is  re- 
quired also  to  be  a  correspondent,  a  librarian,  a  house  and  office  man- 
ager, an  editor,  a  publisher,  an  accounting  officer,  and  the  every-day 
representative  of  the  Society.  His  duties  must  be  performed  with 
care  and  thoroughness,  and  he  must  have  executive  capacity  and  good 
business  judgment,  as  well  as  literary  ability  and  familiarity  with  the 
broad  field  of  Engineering. 

"3.  As  long  as  these  are  the  requirements  of  the  position  it  is  evident 
that  the  Secretary  should  continue  to  be  a  member  of  the  Board  of 
Direction,  as  he  has  been  since  the  organization  of  the  Society. 

"Prior  to  1895  the  Secretary  was  elected  by  the  membership.  This 
method  proving  unsatisfactory  a  change  was  made,  and,  beginning 
with  that  year,  the  Secretary  has  been  elected  by  the  Board  of  Direc- 
tion. The  present  Secretary  was  the  first  elected  under  this  rule,  and 
has  since  been  re-elected  annually.  This  continuity  of  service  has  been 
of  great  value  to  the  Society  as  is  evidenced  by  the  Annual  Reports 
of  the  Board  during  this  period.  As  the  Board  is  entrusted  with  the 
management  of  the  affairs  of  the  Society,  and  is  largely  dependent  on 
the  efficiency  of  the  Secretary,  there  can  be  no  question  but  that  the 
present  method  of  election  is  based  on  sound  business  considerations. 
The  approval  of  the  Board  of  the  conduct  of  the  business  of  the  Society 
at  the  present  time  is  evidenced  by  a  report  of  the  present  Finance 
Committee  published  in  the  April,  1913,  number  of  Proceedings. 

"The  other  group  of  amendments  proposes  to  inconiorate  in  the 
Constitution  a  fixed  method  of  election  of  members  of  the  Nominating 
Committee. 

"1.  By  the  present  method,  suggestions  received  from  the  various 
Geographical  Districts  are  presented  to  the  Annual  Meeting,  and  that 
Meeting  appoints  the  Committee.  The  details  of  securing  these  sug- 
gestions are  in  the  hands  of  the  Board  of  Direction.  It  is  now  proposed 
that  instead  of  receiving  suggestions,  ballots  be  issued,  said  ballots 
to  be  canvassed  by  the  Board  of  Direction,  and  the  result  reported  to 
the  Annual  Meeting. 

"2.  In  the  past  it  is  believed  that  the  suggestions  received  have 
not  in  many  cases  reflected  the  sentiments  of  a  majority  of  the  members 
in  each  district,  and  that  under  the  proposed  amendment  it  may  hap- 
pen that  a  very  few  members  in  a  district  may  thus  name  a  member 
of  the  Nominating   Committee. 

"3.  There  have  also  been  some  indications  iii  recent  years  of  the  use 
of  log-rolling  methods  in  the  selection  of  members  of  this  Committee, 
and  the  power  now  reserved  to  the  Society  in  Annual  Meeting  may 
be  useful  to  correct  this  growing  evil. 
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*'4.  It  is  poor  policy  to  put  details  of  this  kind  into  the  Constitution, 
and  the  present  procedure  should  be  considered  as  under  trial,  and  the 
l^onrd  of  Direction  should  be  left  free  to  improve  it  as  need  arises. 

•'We  therefore  recommend  to  the  membership  that  these  amendments, 
which,  under  the  Constitution,  must  be  issued  for  letter-ballot,  be 
defeated. 


John  F.  AVallace 
S.  L.  F.  T)eyo 
Horace  Loomis 
Josiah  A.  Briggs 
Allen  Ilazen 
Geo.  W.  Kittredge 
C.  II.  Myers 
Holifit  Kidgwa}' 
II.  (i.  Stott 
S.  ('.  Thompson 
I).  .T.  Whittemore 
(ieo.  II.  Benzenberg 
G.  S.  Greene,  Jr. 
Charles  L.  Strobel 
Geo.  S.  Davison 
Foster  Crowell 
George  Ciibbs 
R.  8.  Buck 
C.  E.  Grunsky 
W.  A.  Cattell 
Charles  Sooysmith 
Edgar  B.  Van  Winkle 
Wni.  I).  Janney 
Layton  F.  Smith 
Win.  II.  Dorsey 
,1.  Wilson  Bichardson 
F.  C.  Wolf 
K.  L.  Chamberlaine 
Emorv  Sudler 

B.  F.  Feudal! 
W.  W.  Crosby 
Ezra  B.  Whitman 
T.  K.  Flick 
Thos.  D.  Pitts 
Alfred  H.  Ilartnian 

C.  O.  Vandt'vanter 
Harry  D.  Williar,  Jr. 
J.  W.  Armstrong 
Oscar  T.  Lackey 
Wm.  Anderson  Polk 
II.  H.  Talcott 

II.  A.  I. am- 
M.  A.  Long 
R.  Reimann 
E.  (i.  Lane 


Onward  Bates 
J.  Waldo  Smith 
W.  E.  J}elknap 
Geo.  C.  Clarke 
Rudolph  Ilering 
Xelson  P.  Lewis 
Jos.  O.  Osgood 
M.  R.  .Sherrenl 
Geo.  W.  Tillson 
John  G.  Van  Iloruc 
Thos.  C.  Keefer 
Chas.  Macdonald 
F.  S.  Curtis 
Chas.  D.  Marx 
Thos.  H.  Johnson 
W.  G.  Wilkin s 
Ralph  Modjeski 
Wm.  Barclay  Parsons 
Emil  Kuichliuii- 
S.  II.  Hedges  ^ 
II.  R.  Leonard 
P.  II.  Norcross 
W.  A.  Nial 

A.  V.  Gude.  Jr. 
(r.  R.  Solomon 
Warren  E.  TIall 
R.  M.  Clavton 
Wm.  A.  lianscll,  Jr. 
Jas.  Xisl)et  Ilazlcluust 
Wm.  C.  Spike r 

II.  W.  Beers 

B.  M.  Hall 
E.  E.  Sevfert 
Park  A.  Dallis 
Xisl)et  Wingfield 
Charles  A.  Caldwell 
•lames  J.  (Jaillard 
Carl  II.  Fuller 
Edw.  E.  Belts 

J.  A.  Fairleigh 
D.  II.  Wood 
W.  TL  Converse 
D.  F.  McCarthy 
D.  M.  Andrews 
Arthur  Pew 


J.  A.  Bensel 
Geo.  H.  Pegram 
Austin  Lord  Bowman 
Alfred  Craven 
George  A.  Just 
Geo.  W.  McXulty 
James  Owen 
Chas.  W.  Staniford 
T.  Kennard  Thomson 
Francis  Lee  Stuart 
Alfred  Xoble 
Mendes  Cohen 
S.  Whinery 
Emil  Swensson 
C.  S'.  Churchill 

C.  F.  Loweth 
Wm.  J.  Wilgus 
Albert  B.  Hill 
John  F.  O'Rourke 
Wm.  Cain 

Geo.  S.  Webster 

D.  W.  Bliem 
R.  B.  Kenrick 
R.  A.  Polhamus 
F.  P.  Shearwood 
A.  T.  Tomlinson 
J.  A.  Jamieson 
Phelps  Johnson 
C.  n.  Keefer 
Saudford  Fleming 
W.  H.  Breithaupt 
.S.  J.  Chapleau 

C.  R.  F.  Coutlee 

A.  R.  Dufresne 
K.  M.  Cameron 
("has.  B.  Wing 

E.  T.  Thurston,  Jr. 
Otto  von  (Tcldern 
J.  II.  Dockweiler 

B.  P.  Legar(? 
II.  T.  Corv 
J.  M.  Allen 
Stephen  E.  Kieffer 
II.  L.  Ilaehl 
Luther  Wagoner 
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H.  G.  Shirley 
R.  N.  Begien 
Lester  Bernstein 
W.  R.  Edwards 
P.  G.  Lang,  Jr. 
Paul  Didier 

B.  P.  Harrison 
W.  F.  Strouse 
A.  W.  Thompson 
Wni.  Mulholland 
J.  B.  Lippincott 
L.  I).  Blauvelt 
IIerl)ert  S.  Crocker 
G.  X.  Houston 
Arthur  Ridgvvav 

E.  F.  Vincent  ' 
1.0.  Thorley 
John  A.  Beeler 

C.  S.  Lanibie 
Thomas  L.  Wilkinson 
George  G.  Anderson 
A.  Lincoln  Fellows. 
Charles  W.  Comstock 
Joe  Y.  Work 

D.  G.  Thomas 
H.  W.  Cowan 

H.  F.  Meryweather 
C.  C.  Williams 
M.  S.  Ketchum 
H.  E.  Phelps 
J.  Y.  Jewett 
J.  B.  Hunter 
T.  W.  Javcox 
Geo.  M.  j]ull 
Geo.  L.  Crawford 
Cornelius  B.  8am])son 
V.  A.  Kauffman 
J.  E.  Maloney 
John  E.  Field 
Wintield  Holljrook 
F.  T.  Darrow 
Robert  FoUansbee 
M.  C.  Hinderlider 
R.  F.  Walter 
R.  S.  Sumner 
J.  R.  Scott,  Jr. 
Chas.  D.  Vail 
A.  C.  Dennis 
Frank  Lee 
J.  G.  Sullivan 

E.  Brydone-Jack 
C.  S.  MacCalla 
W.  G.  Swendsen 


C.  AI.  Strahan 
J.  W.  Barnett 
John  C.  Koch 
J.  L.  Meem 
R.  V.  Rose 
A.  W.  Pierson 
11.  J.  Cowie 
L.  A.  Pettebone 
Chas.  H.  Moritz 
Walter  McCulloh 
John  L.  Harjier 
W.  W.  Follett 
J.  L.  Campbell 
James  A.  French 
W.  a.  Russell 
II.  J.  (iault 
F.  II.  Todd 
E.  II.  Baldwin 
Louis  C.  Hill 
A.  W.  Cuddel)ack 
John  H.  Cook 
John  W.  Fergusoji 
J.  E.  Torrey' 
A.  E.  Schneeweiss 
W.  Wallace  Christie 
J.  A.  ISTelson 
Colin  R.  Wise 
Chas.  IL  Miller 
W.  F.  Reichardt 
O.  G.  Baxter 
W.  D.  Dickinson 
Guv  A.  Watkins 
Chas.  J.  Eld,  Jr. 
W.  E.  Ford 

D.  A.  MacCrea 
Philip  B.  Hill 
Alfred  M.  Lund 

E.  A.  Kingsley 

P.  R.  Van  Frank,  Jr. 

W.  E.  Price 

A.  S.  Baldwin 

J.  B.  Berry 

E.  S.  Xetliercut 

H.  E.  Riggs 

W.  C.  Hoad 

Edward  I).  Rich 

C.  J.  Tilden 

L.  M.  (^nim 

H.  B.  Merrick 

A.  J.  Decker 

C.  H.  Cartlidge 

Clarence  T.  Johnston 

Chas.  W.  S]i()oner 


W.  H.  Ileuer 
Hch.  Homberger 
J.  Otis  Burrage 
F.  C.  Herrmann 
H.  H.  Wads  worth 
A.  V.  Saph 
J.  F.  Murray 
Saml.  Rea 
W.  W.  Atterburv 

D.  P.  Pugh 

E.  B.  Temple 
H.  C.  Booz 
C;.  W.  Thorn 
Robt.  Farnham,  Jr. 
Joseph  T.  Richards 
L.  R.  Zollinger 

C.  C.  Anthony 
R.  G.  Develin 
J.  T.  Stuart 
J.  F.  Cullen 
P.  F.  Brendlinger 
Percival  M.  Sax 
Fred.  W.  Al)bott 
S.  P.  Mitchell 
Wm.  A.  Moncure 
Carl  B.   Elv 
Paul  L.  Whlfel 
Thomas  Earle 
Charles  H.  Mercer 
Percy  H.  Wilson 
Lewis  R.  Ferguson 
Harold  E.  Hilts 
Harrison  W.  Latta 
Henry  H.  Quimby 
Eldwin  Clark 
Hermann  V.  Schreiber 
Walter  L.  Fitzgerald 
Emile  (i.  Perrot 
Walter  F.  Ballinger 
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^lu.  Bensel. — In  order  that   the  atmosphere  may  be  clarified   and 
action    taken    at    this    meeting    for    changes    in    the    Constitution.    T 
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Discussion  on  recoiniiieiid  tliat  this  amendment,  along  with  the  communication  read 
Amendments  by  the  Secretary,  be  referred  to  the  Committee  appointed  by  the  Chair 
(contmue  ).    ^^  consider  the  other  amendments  as  proposed. 

The  motion  was  seconded  and  carried. 
Formation  ot  The   SECRETARY. — I  have  to  announce  for  the  information   of  the 

Association.  Meeting  that  a  Philadelphia  Association  of  Members  of  the  Society 
has  been  formed,  and  that  its  Constitution  is  approved  by  the  Board 
of  Direction. 

At  a  meeting  of  the  Society,  May  7th,  1913,  the  following  resolu- 
tion was  adopted : 

Announce-  "MovED:     That  the   Board  of   Direction   of  the   American   Society 

Re^^anjing     0^  Civil  Engineers  be  and  is  hereby  authorized  and  directed  to  appoint 

Appointment   a    Special    Committee    to    investigate   the    advisability   of    drafting    a 

Com'ma^ees.    National  Water  Law  applicable  to  all  navigable,  interstate  and  other 

waters  within   the  jurisdiction   of  the  United   States,   and  embracing 

all  uses  of  water,  and  that  such  committee  be  directed  to  prepare  a 

preliminary    draft    of    such    a    law    for    submission    at    some    regular 

meeting  of  the  Society,  if,  in  their  judgment,  it  appears  advisable." 

At  the  meeting  of  the  Board,  June  4th,  1913,  the  following  resolu- 
tion was  passed : 

"That  it  is  the  sense  of  the  Board  that  such  a,  Special  Committee 
be  appointed  as  soon  as  possible,  and  the  Board  will  take  up  the  ap- 
pointment of  this  Committee  in.  the  near  future." 

At  a  meeting  of  the  Society,  May  Tth,  1913,  the  following  was 
adopted : 

"Resolved:  That  the  Board  of  Direction  consider  the  matter  of 
the  appointment  of  a  Special  Committee  to  study  the  question  of 
Floods,  Flootl  Prevention  and  Other  Allied  Subjects." 

At  the  meeting  of  the  Board,  June  4th,  1913,  the  following  resolu- 
tion was  passed : 

"That  it  is  the  sense  of  the  Board  that  such  a  Special  Committee 
be  appointed  as  soon  as  possible,  and  the  Board  will  take  up  the  ap- 
pointment of  this  Committee  in  the  near  future." 

At  the  meeting  of  the  Society,  May  21st,  1913.  the  following  resolu- 
tion, suggested  by  W.  P.  Darwin,  Assoc.  M.  Am.  Soc.  C.  E.,  was 
presented : 

"Resolved:  That  this  Society  appoint  a  Committee  of  five  to  pre- 
pare an  Ideal  Building  Code  to  govern  the  general  and  essential  fea- 
tures of  construction  of  buildings  in  our  American  cities." 

This  matter  was  referred  to  the  Board  of  Direction. 
At   its   meeting   of   June  4th,    1913,   the   following   resolution   was 
adopted : 

"That  it  is  the  sense  of  this  Board  that  it  is  not  advisable  to  ap- 
point a  Special  Committee  to  prepare  an  Ideal  Building  Code  to  gov- 
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ern  tlie  poiu-riil  luid  ossentinl  t'caturos  of  eonstruction  of  building's  in 
our  American  cities.  " 

At  the  June  Itli,  \'J\'),  Sdcicty  Meetiuii'  the  followiufi'  motion  was 
otfcrcd  by  .1.  V.  Snow,  M.  Am.  Soe.  C.  E. 

"That  it  is  the  sense  of  this  meeting  tliat  the  American  Society 
of  Civil  Engineers  should  apjioint  a  Special  Committee  to  act  jointly 
with  the  American  Kailway  Eufiineering  Association  in  studying  and 
experimenting  on  the  stresses  in  railroad  rails,  ties,  etc." 

The  motioii.  being  duly  seconded,  was  carried. 

^fr.  Snow  moved,  further: 

"I'liat  the  matter  of  ai)pointing  this  Committee  be  left  with  the 
Ijiiard  of  Direction  with  full  power." 

This  motion,  being  duly  seconded,  was  carried. 

The  matter  is  therefore  now  in  the  hands  of  the  Board  of  Direction, 
and  is  reported  to  this  meeting  as  a  matter  of  information. 

TiiH  Presidknt. — There  is  no  action  needed  on  these  announcements 
by  this  meeting,  but  the  Board  would,  of  course,  take  any  suggestions 
into  consideration. 

TiiK  Secretary. — I  have  a  communication  here  from  Percival  ]\r. 
Churchill,  Assoc,  ^l.  Am.  Soc.  C.  E. 

''42  Church  Street,  New  Haven,  Conn. 

.^,      ^        ,  "June  14,  1913. 

/  he  becretary, 

■'American  Society  of  Civil  Engineers, 
"No.   220  West   Fiftv-seventh   Street, 
"New  York,  N.  Y. 
"Dear  Sir: — Will  you  kindly  introduce  the  following  motion  for  me 
at  the  Convention  next  week,  as  I  shall  not  be  able  to  attend: 

••-Moved  :  That  the  following  questions  be  submitted  to  the  members 
of  tlii-i  ScK-'iety : 

"1.  Shall  the  Society  approve  or  disapprove  of  the  principle 
of  regulating  the  i>ractice  of  civil  engineering  through  legislative 
enactment  t 

•'2.  In  carrying  out  the  will  of  the  Society  as  expressed  in  ques- 
tion No.  1,  shall  the  officers  of  the  Society  take  an  aclire  or  a 
passive  attitude  toward  any  such  legislation  when  ju-oposed  in  any 
State  in  the  country'  I 

"3.  Shall  the  Society  approve  or  disapprove  of  attempting  to 
regulate  the  practice  of  civil  engineering  through  rules  of  this  and 
its  allied  Societies  ( 

"4.  Shall  this  Society,  icilli  <ir  u-Hliou>  tlu^  aid  of  the  other 
National  Engineer  Societies,  attempt  to  oxiUine  and  to  put  into 
practice  a  i)lan  for  marketing  engineering  services  of  all  grades? 

•'.".  If  the  Society  votes  in  the  affirmative  on  question  No.  4, 
>liall  the  Officers  of  the  Society  be  instructed  and  empowered  to 
liromptly.  i)ersonal]y,  or  through  a  committee,  carry  out  its 
jtrovisions? 


Letter  from 
Mr.  P.  M. 
Churchill. 
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Letter  from  "If  these  questions  are  submitted  to  the  members  in  the  form  here 

Chiircwli      presented,   a  member  may  vote  by  crossing  out  the  underlined  word 
(continued.)    conveying  a  meaning  of  which  he  disapproves,  and  then  answering  the 
whole  question,  so  amended,  by  'Yes'  or  'No.' 
"Very  respectfully, 

"Percival  M.  Churchill, 

"Assoc.  M.  Am.  Soc.  C.  E." 

Announcement        The    communication,    on    motion,    was    referred    to    the    Board    of 

RenardinK       nii-Pr-ti'nii 
International    I'lreCTlon. 

The  Secretary. — I  want  to  make  a  brief  announcement  concerning 
the  International  Engineering  Congress  to  be  held  in  connection  with 
the  Panama-Pacific  International  Exposition  in  1915  in  San  Francisco. 
This  Congress  has  been  underwritten  by  and  is  to  be  conducted  under 
the  auspices  of  the  five  National  Engineering  Societies,  and  its  or- 
ganization is  now  going  forward  rapidly.  It  is  hoped  and  expected 
that  there  will  be  a  large  attendance,  especially  of  members  of  this 
Society.     (Applause.) 

On  motion  the  meeting  was  then  adjourned. 


Engineering 
Congress. 
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FORTY-FIFTH  ANNUAL  CONVENTION 
EXCURSIONS  AND  ENTERTAINMENTS 

The  arrnn.ueinents  were  in  the  liaiuls  of  tlie  following  Committees: 

Committee  of  Arrangements  of  the  Board  of  Direction 

Charles  II.  Rust,  Chairman; 
Henry  W.  Hodge,  Chas.  Warren  Hunt. 

Local  Committee 

Chas.  H.  Keeper,  Chairman; 
W.  H.  Breithaupt,  Phelps  Johnson, 

S.  J.  Chapleau,  T.  C.  Keeper, 

C.  R.  F.  Coutlee,  H.  G.  Kelley, 

A.  R.  DuFRESNE,  John  Kennedy, 

G.  H.  DuGGAN,  William  McNab, 

Sir  Sandford  Fleming,  C.  H.  Mitchell, 

H.  HoLGATE,  H.  R.  Safford, 

J.  A.  Jamieson,  W.  F.  Tye, 

G.  W.  Volckman. 

Informal  Receptions 

Tuesday,  June  17th,  1913. — 3  P.  M. — The  Society  was  welcomed  at 
the  Chateau  Laurier  by  the  Hon.  Martin  Burrell,  Minister  of  Agricul- 
ture, representing  the  Government  of  Canada  in  the  unavoidable 
absence  of  the  Premier,  the  Right  Hon.  R.  L.  Borden;  also  by  the 
Mayor  of  Ottawa,  J.  A.  Ellis,  Esq.  An  address  in  reply  was  made 
by  George  F.  Swain,  President  of  the  Society.* 

Tuesday,  June  17th,  1913. — 9  P.  M. — The  President  and  officers  of 
the  Society  held  an  Informal  Reception  at  the  Chateau  Laurier  which 
was  attended  by  a  large  number  of  members  and  guests.  The  recep- 
tion was  followed  by  dancing. 

Luncheons  and  Lectures 

Wednesday,  June  18th. — The  ladies  attending  the  Convention  were 
entertained  at  luncheon  at  the  Royal  Ottawa  Golf  Club  by  the  ladies 
of  the  Local  Committee. 

At  the  conclusion  of  the  Business  Meeting  a  large  number  of  the 
members  attended  a  luncheon  at  the  Chateau  Laurier  given  by  the 
Ottawa  Branch  of  the  Canadian  Society  of  Civil  Engineers. 

At  the  invitation  of  T.  C.  Kecfer,  C.  M.  G.,  Past-President,  Am. 
Soc.  C.  E.,  the  members  and  their  guests  were  present  at  a  Garden 
Party  given  at  his  residence,  the  Manor  House,  Rockcliffe  Park,  from 
4  p.  M.  to  7  P.  M. 

*  a  report  in  full  of  these  speeches  will  be  found  on  page  419. 
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In  the  evening  at  the  Chateau  Laurier  the  members  had  the  pleasure 
of  hearing  illustrated  lectures  on  Canadian  engineering  subjects. 
David  A.  Molitor,  M.  Am.  See.  O.  E.,  described  Proposed  Improve- 
ments of  the  Toronto  Harbor  Works;  C.  R.  F.  Coutlee,  M.  Am.  Soc. 
C.  E.,  the  Water  Transportation  Routes  of  Canada;  Mr.  R.  F.  Uniacke, 
the  Transcontinental  Railways;  and  Mr.  J.  B.  Challies,  the  Water 
Powers  of  the  Dominion. 

Drive  and  Afternoon  Tea 

Thursday,  June  19th. — Leaving  the  headquarters  at  2  p.  M.,  the 
members  and  their  guests  were  driven  through  the  city,  visiting  the 
principal  points  of  interest,  including  the  Government  House,  Royal 
Mint,  Parliament  House,  Victoria  Memorial  Museum,  Headquarters 
of  the  Geological  Survey  of  Canada,  and  Dominion  Government  Ex- 
perimental Station. 

At  the  end  of  the  drive  a  large  number  were  entertained  at  afternoon 
tea  by  Mrs.  Collingwood  Schreiber  at  her  home  on  Argyle  Street. 

Reception 

Th^irsday,  June  19th. — In  the  evening  a  reception  was  given  by 
the  Ottawa  Branch  of  the  Canadian  Society  of  Civil  Engineers  to  the 
members  of  the  American  Society  of  Civil  Engineers  and  accompanying 
ladies.  The  reception  was  largely  attended  and  was  followed  by  dancing, 
which  continued  until  2.30  a.  m. 

Excursion  to  Montreal 

Friday,  June  20th.— The  Grand  Trunk  Railway,  through  H.  G. 
Kelley,  M.  Am.  Soc.  C.  E.,  Vice-President,  and  H.  R.  Safford,  M.  Am. 
Soc.  0.  E.,  Chief  Engineer,  provided  a  special  train  to  Montreal  for 
all  those  who  wished  to  accept  the  invitation  of  the  Montreal  members 
of  the  Local  Committee  to  visit  the  points  of  interest  in  that  city. 
About  100  members  and  guests  took  this  train,  which  arrived  in 
Montreal  about  noon.  Most  of  the  party  then  boarded  a  steamer  fur- 
nished by  the  Dock  Commissioners  of  Montreal,  and  more  than  three 
hours  were  spent  in  viewing  the  harbor,  a  visit  being  made  to  a  rein- 
forced concrete  grain  elevator  recently  placed  in  operation,  and  also 
to  a  floating  dry  dock,  on  which  a  vessel  was  in  jjlace  for  repaii'S. 
Luncheon  was  served  on  board  the  steamer.  Upon  returning  to  the 
dock  the  party  proceeded  by  special  observation  car  entirely  around  the 
city,  thus  giving  an  excellent  opportunity  to  view  the  principal  points 
of  interest. 

A  number  of  the  paxty  availed  themselves  of  the  opportunity  af- 
forded by  S.  P.  Brown,  M.  Am.  Soc.  C.  E.,  to  visit  the  Mount  Royal 
Tunnel  of  the  Canadian  Northern  Railroad,  now  under  construction. 
A  visit  was  also  made  by  some  of  the  members  to  the  new  shops  of 


August,  ]!U3.]  FOUTY-FIFTH   ANNUAL  CONVENTION  455 

the  St.  Lawrence  TJi-idge  Company,  where,  through  the  courtesy  of 
Phelps  Johnson,  '^l.  Am.  Soc.  C.  E.,  an  opportunity  was  given  to  make 
a  thorough  inspection. 

Excursion  to  Britannia  Park 

Friday,  June  20th. — Those  members  of  the  Society  who  remained 
in  Ottawa  participated  in  an  excursion  to  Queen's  Park,  via  the  Hull 
Electric  Railway,  thence  by  steamer  for  a  short  trip  to  Lake  Deschene, 
crossing  over  to  Britannia  Park,  and  returned  to  Ottawa  via  the  Ottawa 
Electric  Railway. 

Attendance 

The  following  138  members  wore  in  attendance.  There  were  also 
jiresent  207  ladies  and  others  of  the  families  of  members. 

Babcock.  W.  S.  . .  .New  York  City  Dibert,  H.  McM Troy,  N.  Y. 

Baker,   I.  O IJrbana,  111.  Doty,  J.  W .Montreal,  Que. 

Baldwin,  A.   S Chicago,  111.  Duggan,  G.  H AFontreal.  Que. 

Ball.  C.  B Chicago,  111.  Dunn,  D.  B Macon,  Ga. 

Barbour,  F.  A Boston,  Mass.  _, .  ,      ^   _,  ^ 

Bates,  Onward Chicago,  Til.  ^^^^''  ?•  ^  ;; ?'"'*'*''•  ^^^^''• 

Begg.  R.  B.  H.  . .  .Lawrence,  Kans.  ^[^^^''^'^^'i;-  ^  "    -•  -Toronto,  Ont. 

Bensel,  J.  A Albany,  N.  Y.  |^^'^.'  J'  ^-  ^  '  •^V'"!'"''''^"^'  ^-  ^• 

Beugler,  E.  J Xew  York  City  ^ndicott,  M.  T.  .^^  ashington,  D.  C. 

Bouillon,  A.  M Quebec,  Que.  Fay,  F.  H Boston,  Mass. 

Brace,  J.  H Cedars,  Que.  Fisher,  E.  A Rochester,  K  Y. 

P»rackett.  Dexter Boston,  Mass.  Fraser,  C.  E Xew  York  City 

Breed,  C.  B Boston,  Mass.  Fuller,  W.  E Xew  York  City 

Breithaupt,  W.  H.  . .  .  lierlin,  Ont. 

Brook,  A.  E Toronto,  Ont.  Oahagan,  W.  H.  .Brooklyn.  X.  Y. 

Brooks,  J.  P Potsdam,  N.  Y.  ^'oing,  A.  S Montreal  Que. 

Brown,  S.  P Montreal,  Que.    tt     •   _     ai  i 

M       1      \\-     w         AT        V    1    n-^      Haring,  Alexander. 

Brush.    W.    \V....Xew  York  City  x-        ^^     ,     ...^ 

Luel,  A.  ^\  .      .  . .  .New  lork  Ci  y   ^^.^^^^^^^  (.    p ^  J 

Lurpee    G.  ^^ New  York  Ci  y  Hazen,  Allen New  York  City 

^^"'■'•^^■•^ Chicago,  111.    Heckle,  G.  R Montreal.  Que. 

Cameron,  K.   M Ottawa,  Ont.   gering    Rudolph ..  Xew  York  City 

Christian,  W.  A Chicago,  111.   gT\     t)    '      ''     .7  ^"'^  ^'''' 

Clarke,  G.  C Xew  York  City  ^^"^f  >  ^:'''^-  "  •,;  ^r«ntreal.  Qiie. 

Coleman,  J.  F.  ..X.v  Orleans,  La    Hopkins,  C.C.  ..  Rochester,  X.  Y. 

P^r.,..ii.    T     \  V        \'    1    V^-*     Howard,  C.  P Chicago,  111. 

Connelly,  J.  A....  New   York  City   TT,,rv.T^r.^«,,,    ^^    n     r      •    ^      \t 
p^ff, ,.    T    t:>              V  ^   1}    T    -^^""^P^reys,  D.  C.  .Lexington,  Va, 

r       \       P  \l  ■  r  ■  ■  -^.T^'"'*'  ^}:  ^-   Hunt,  Chas.  Warren, 
^""^^^^-  C-  ^^-  ^ ^^"-^•^^'  Ont.  ^r,,,  York  City 

Darrow,  W.  J New  York  City   Jamieson,  J.  A.  . .  .  Afontreal.  Que. 

Davis,  C.  M Ft.  Worth,  Tex.   Johnson,  Phelps.  ..  Montreal,   Que. 

Dcyo,  S.  L.  F Xew  York  City   Jones,  H.  L Xew  York  City 
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Kastl,  A.  E Albany,  K  Y.  Richardson,  J.  H . .  .  Boston,  Mass. 

Keefer,  T.  C Ottawa,  Ont.  Ricker,  G.  A Albany,  N.  Y. 

Keefer.  C.  H Ottawa,  Ont.  Ridgway,  Robert.  .New  York  City 

Kennedy,   John.  . .  .Montreal,  Que.  Riggs,  M.  J Toledo,  Ohio 

Kerr,  F.  M New  Orleans,  La.  Robinson,  A.  W. .  .Montreal,  Que. 

King,  P.   S Wilmington,  Del.  Rourke,  L.  K Boston,  Mass. 

Kinney,  W.  M ....  Pittsburgh,  Pa.  ,    _ 

Safford,  H.  R Montreal,  Que. 

Landreth,  O.  H..  Sargent    C    D   . .     Cornwall,  Oiit. 

Schenectady,  N.  Y.   Scammell,  J.  H.  .bamt  John,  N.  B. 

Earner,  C.  W Cleveland,  Ohio   Schneider,  C.  C.  .Philadelphia,  Pa. 

EeDuke,  J.  C Toledo,  Ohio   Seaman,  H.  B.  . .  .New  York  City 

Leonard,  H.  R.  .Philadelphia,  Pa.    Skinner,  F.  W.  ..  .New  York  City 

Lewis,  E.  W.  .  .New  Haven,  Conn.   Slocum,  H.  S Cedars,  Que. 

Loorais,  Horace..  .New  York  City   Smith,  J.  Waldo.  .New  York  City 

Loweth,  C.  F Chicago,  111.   Smith,  M.  H New  York  City 

Lowinson,  Oscar.  .New  York  City   Smith,  Oberlin.  .  .Bridgeton,  N.  J. 

Solomon,  G.  R Atlanta,  Ga. 

Macdonald,  Cha.rles,  Sperry,  L.  N.  .Tupper  Lake,  N.  Y. 

New  York  City   Spofford,   C.   M Boston,   Mass. 

McKenzie,  T.  H.,  Stearns,  F.  P Boston,  Mass. 

Southington,  Conn.    Strachan,  Joseph.  .Brooklyn,  N.  Y. 

McLachlan,  D.  W.  . .  .Ottawa,  Ont.    Swain,  G.  F Cambridge,  Mass. 

McNab,  William..  .Montreal,  Que. 

McRae,  J.  B Ottawa,  Ont.   Talbot,  A.  N Urbana,  111. 

Main,  C.  T Boston,  Mass.   Thomas,  R.  D.  .Minneapolis,  Minn. 

Mayer,  Joseph Montreal,  Que.    Thomson,  S.  F.  .New  Paltz,  N.  Y. 

Mehren,  E.  J New  York  City   Thomson,  T.  K.  . .  .New  York  City 

Metcalf,  Leonard.  . .  .Boston,  Mass.   Tighe,  J.  L Holyoke,  Mass. 

Mitchell,  C.  H Toronto,  Ont.    Tomlinson,  A.  T.  .  .Montreal,  Que. 

Mitchell,   S.   P.. Philadelphia,   Pa.   Tucker,  L.  W New  York  City 

Modjaski    Ralph.  ...  ^Chicago,   111.   y^^^  ^^^^^^  ^  H.  .New  York  City 
Mohtor,  D.  A.  • -Toronto,  Ont.  ^^^  jj^^^^^  j  (.    ^^^  y^^^  ^ity 

Monsarrat,  C.  N ...  Montreal,  Que.  tt        at      i        17    ivr 

-.,  A   IT  Tvr     ,       1    /^  Van  Norden,  E.  M., 

Morssen,  C.  M Montreal,  Que.  -r,      11        at    v 

^, T    ir         T3i-.-i_j„i„i,-      T.„  Brooklyn,  N.  Y. 


Murray,  J.  F.  ..  .Philadelphia,  Pa. 


Van  Suetendael,  A.  O., 

Albany,  N.  Y. 
Volckman,  G.   W Ottawa,  Ont. 


O'Brien,  J.  H Montreal,  Que. 

Ockerson,  J.  A St.  Louis,  Mo. 

Owen,  A.  E Montclair,  N.  J.   Weston,  R.  S Boston.  Mass. 

Owen,  James Newark,   N.  J.   White,  Lazarus.  .  .New  York  City 

Wiley,  W.  H.  .East  Orange,  N.  J. 

Pegram,  G.  H New  York  City   Williams,  G.  S.  .Ann  Arbor,  Mich. 

Pense,  E.  H Ottawa,  Ont.   wisner,  G.  M Chicago,  111. 

Perkins,   E.   T Chicago,  111. 

Purdy,  C.  T New  York  City   Yappen,    Adolph Chicago,    111. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE   MEFiTINQS 

September  3d,  1913.— 8.30  P.  M.— A  regular  business  meeting 
will  be  held,  and  two  papers  will  be  presented  for  disciission,  as  follows : 
"The  Storage  of  Flood  Waters  for  Irrigation:  A  Study  of  the  Supply 
Available  from  Southern  California  Streams,"  by  A.  M.  Strong,  Assoc. 
]\r.  Am.  Soc.  C.  E. ;  and  "Modern  Pier  Construction  in  New  York 
Harbor,"  by  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E. 

These  papers  were  printed  in  Proceedings  for  May,  1913. 

September  17th,  1913.— 8.30  P.  M.— At  this  meeting  a  paper  ))y 
J.  C.  Ulrich,  ^[.  Am.  Soc.  C.  E.,  entitled  "The  Prewitt  Keservoir  Propo- 
sition," will  be  i)resentod  for  discussion. 

This  paper  was  jirinted  in  Proceedings  for  May,  1913. 

October  ist,  1913.— 8.30  P.  M. — A  regular  business  meeting  will 
be  held,  and  a  paper  by  William  J.  Wilgus,  M.  Am.  Soc.  C.  E.,  entitled, 
"Physical   Valuation   of   Railroads,"   will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  May,  1913. 

October  15th,  1913. — New  Orleans  Meeting. — The  Meeting 
of  the  Society  scheduled  for  October  Llth,  1913,  will  be  held  in  New 
Orleans,  La.,  and  a  paper  by  W.  E.  Fuller,  il.  Am.  Soc.  C,  E.,  entitled 
"Flood  Flows,"  will  be  presented  for  discussion.  Mr.  Fuller's  paper 
was  printed  in  Proceedings  for  May,  1913. 

Tn  connection  with  this  Meeting  the  Louisiana  Members  have  ar- 
ranged a  progranune  covering  Wednesday,  Thursday,  Friday,  and 
Saturday,  October  15th  to  18th,  inclu.sive,  and  it  is  hoped  that  there 
will  be  a  large  attendance  of  the  members  and  the  ladies  of  their 
families. 

A  circular  containing  general  information,  and  the  proposed  i)ro- 
gramme,  hotel  rates,  etc.,  has  already  been  mailed  to  all  members. 

November  5th,  1913.— 8.30  P.  M. — Tills  will  be  a  regular  busi- 
ness meeting.  Two  i)apers  will  be  presented  for  discus^sion,  as  follows: 
"Concrete  Bridges:  Some  Important  Features  in  Their  Design,"  by 
Walter  M.  Smith,  Sr.,  M.  Am.  Soc.  C.  E.,  and  Walter  M.  Smith,  Jr., 
Jun.  Am.  Soc,  C.  E. ;  and  "The  Effect  of  Saturation  on  the  Strength 
of  Concrete,"  by  J.  L.  Van  Ornum,  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 
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SEARCHES   IN  THE   LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  tliat,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  siacli  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  a,vailability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
*  Proceedings,  Vol.  XXXIII,  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  19]]). 


Auirii-t.  I!»1;M  AXXOrXCEMKXTS  459 

(liic^tiHl  i'or  subseciiiont  imhlicatioii   in  J'rocecdincjs  and  with  the  paper 
in  tlie  volumes  of  Traiisacfions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429. 


LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

Tlie  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Eng'ineers  holds  res'ulnr  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  >r.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
Juno.  August,  October,  and  December,  the  last  being  the  Annual 
^feeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  i)lace  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  ifeehanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

April  i8th,  ipij.^The  meeting  was  called  to  order;  Vice-President 
C.  H.  Snyder  in  the  chair;  E.  T.  Thurston,  Jr.,  Secretary;  and  present, 
also.  85  members  and  guests. 

The  meeting  was  addressed  by  Jerome  Xewman,  M.  Am.  Soc.  C.  E., 
the  subject  being  "The  Development  of  Wharf  Construction  in  San 
Francisco  Bay." 

Adjourned. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  R.  W.  Toll,  Jun.  Am.  Soc.  C.  E.,  700  Tramway 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  1)0  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract   of  Minutes  of   Meetings) 

May  loth,  1913 — The  meeting  was  called  to  order  at  8.30  p.  m.; 
President  Ketchum  in  the  chair;  G.  N.  Houston,  Secretary;  and 
present,  also,  18  members  and  11  guests. 
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The  minutes  of  the  meeting  of  April  12th,  1913,  were  read  and 
approved. 

The  President  appointed  the  following  Nominating  Committee: 
Messrs.  H.  S.  Crocker,  Chairman,  George  G.  Anderson,  H.  W.  Cowan, 
W.  Holbrook,  ajid  L.  E.  Bishop. 

A  resolution  relative  to  the  endorsement  of  John  B.  Hunter,  M.  Am. 
Soc.  C.  E.,  for  the  office  of  Commissioner  of  Improvements  of  the  City 
and  County  of  Denver,  was  read  and  adopted  unanimously. 

The  Final  Report  of  the  Legislative  Committee  was  read  and 
approved. 

George  G.  Anderson,  M.  Am.  Soc.  C.  E.,  presented  a  paper  on  the 
"Panama  Canal,"  illustrating  liis  remarks  with  stereopticon  views,  and 
the  subject  was  discussed  by  Messrs.  Frederick  S.  Titsworth,  D.  W. 
Brunton,  James  E.  Thorp,  IT.  W.  Knowlton,  and  others. 

Adjourned. 

June  14th,  1913. — The  Annual  Meeting  was  called  to  order;  Presi- 
dent Ketchum  in  the  chair;  G.  N.  Houston.  Secretary;  and  present, 
also,  10  members  and  1  guest. 

The  President  read  his  Annual  Address.  This  was  followed  by 
the  Annual  Report  of  the  Secretary-Treasurer. 

A  paper  by  J.  Y.  Jewett,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Tests 
of  Concrete  Materials,"  was  presented  by  the  author,  and  the  subject 
was  discussed  by  those  present  at  the  meeting. 

Messrs.  T.  W.  Jaycox  and  R.  F.  Walter  were  appointed  Tellers  to 
canvass  the  ballot  for  the  election  of  officers,  and  President  Ketchum 
announced  the  result,  as  follows : 

President,  G.  N.  Houston, 
Vice-President,  A.  0.  Ridgway, 
Secretary-Treasurer,  R.  W.  Toll. 
Adjourned. 

Atlanta  Association 

On  March  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
officers:  Arthur  Pew,  President;  William  A.  Hausell,  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazlehurst  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  University  Club. 

Philadelphia  Association 

At  its  meeting  of  June  4th,  1913,  the  Board  of  Direction  of  the 
Society  considered  and  apiiroved  the  proposed  Constitution  of  the 
Philadelphia  Association  of  Members  of  the  American  Society  of 
Civil  Engineers. 

Seattle  Association 

On  June  30th,  1913,  the  Seattle  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized  with  the  following 
officers:  Samuel  H.  Hedges,  President;  Ernest  B.  Hussey,  Vice- 
President;  and  Joseph  Jacobs,  Secretary-Treasurer. 
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PRIVILEGES  OF  ENCilNEERINQ  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY   OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Keading  Rooms,  and  at  all  meetings : 

American  Institute  of  Mining  Engineers,  21>  West  Thirty-ninth  Street, 

New  Yiuk  City. 
American  Society  of  Mechanical  Engineers,  -J'.l   West  Thirty-ninth 

Street.  New  York  City. 
Architekten-Verein    zu    Berlin,   Wilhelmstrasse    92,    Berlin    W.    (JG, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,   Ky.,   303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3S17  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club   of  Toronto,  96  King  Street,  West,  Toronto,  Ont.. 

Canada. 
Engineers'  Society  of    Northeastern   Pennsylvania,    302    Board    of 

Trade  Building,  Scranton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2.511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 


462  ANNOUNCEMENTS  [Society  Afifairs. 

Institution  of  Engineers  of  the  River  Piate,  Buenos  Aires,  Ar- 
gentine Kepublic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne ,  England . 

Oesterreichischer  Ingenleur-  und  Architekten-Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Architekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue^Blauche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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DONATIONS* 
PRINCIPLES  OF  IRRIUATION  ENCilNKHRINU  : 

Arid  Lniitls.  Water  Sui)plj%  Storage  Works,  Dams,  Canals,  Water 
Kiiilits.  and  i'roduets.  By  Frederick  Haynes  Newell  and  Daniel  Wil- 
liam .Murpliy,  J\lembers,  Am.  Soc.  C.  E.  Cloth,  9J  x  6:^  in.,  illus., 
1-"!  +  -i)^  PP-  -^'t'w  York  and  London,  iMcGraw-Hill  Book  Company, 
1913.     $3.00. 

The  preface  states  that  the  title  of  this  bof)k  has  been  selected  as  indicative 
of  its  scope,  irrigation  engineering  being  defined  as  the  development  of  the  water 
resources  of  the  arid  regions  with  regard  to  their  conservation  and  use  and  as 
dealing  with  method;;  of  holding,  controlling,  and  distributing  the  waters  needed 
in  agriculture  and  other  matters  which  lead  to  financial  success  in  investments 
made  therein.  The  authors  state  that  while  this  book  is  intended  primarily  for  the 
use  of  students  and  engineers  who  desire  to  become  acquainted  with  the  general 
principles  involved  in  considering  the  feasibility  of,  and  in  designing,  constructing, 
and  operating,  irrigation  systems,  the  broader  and  more  general  aspects  of  the 
subject  have  been  presented  in  such  a  manner  as  to  attract  the  reader  who  is  in- 
terested in  irrigation,  but  without  any  technical  knowledge  of  hydraulics.  The  Con- 
tents are:  Irrigation;  Irrigable  Lands;  Water  Supply;  Design  and  Construction  of 
Canals;  Canal  Structures:  Distribution  Systems;  Irrigation  by  Pumping;  Drainage; 
Operation  and  Maintenance ;  Storage  Works  ;  Reservoir  Sites ;  Dam  Sites  :  Timber 
Dams  ;  Earth  Dams  ;  Rock-Fill  Dams  ;  Masonry  Dams  ;  Outlet  Works  ;  Water  Rights  ; 
Economic  Features  of  Irrigation  ;   Index. 

THE  IMPROVEMENT  OF  RIVERS: 

A  Treatise  on  the  Methods  Employed  for  Improving  Streams  for 
Open  Navigation,  and  for  Navigation  by  Means  of  Locks  and  Dams. 
By  B.  F.  Thomas  and  D.  A.  Watt,  Members,  Am.  Soc.  C.  E.  Second 
Edition,  Rewritten  and  Enlarged.  Cloth,  12  x  9^  in.,  illus..  2  vol. 
Xew  York,  John  Wiley  &  Sons,  Lie;  London,  Chapman  (k  Hall.  Lim- 
ited, 1913.     $6.00. 

The  first  edition  of  this  work  was  published  in  190.3  to  meet,  it  is  stated,  the 
nee<ls  of  engineers  and  others  engaged  in  the  improvement  of  rivers,  information  on 
the  subject  at  that  time  being  confined  to  Government  reports  and  technical  publi- 
cations. That  edition  included  the  theory,  as  well  as  descriptions,  of  all  the  points 
of  design  and  construction  for  such  work,  together  with  calculations,  etc.,  with  the 
hope  that  the  book  would  prove  of  interest  not  only  to  engineers  but  to  inspectors, 
surveyors,  etc.  In  this,  the  second  edition,  the  subject-matter,  it  is  said,  has  been 
entirely  rewritten  and  rearranged,  and  while  much  new  matter,  including  costs  and 
many  drawings,  has  been  added,  especially  in  that  portion  treating  of  open-river 
navigation  which  has  been  revised  to  include  the  latest  practice  in  this  country  and 
abroad,  much  of  the  detailed  matter  relating  to  discharge,  rainfall,  and  run-off, 
methods  of  ganging,  surveys,  etc.,  readily  found  elsewhere,  has  been  omitted.  The 
Contents  are:  Part  I,  Improvement  by  Regulation:  Characteristics  of  Rivers:  Regu- 
lation ;  Dredging  and  Snagging :  Dikes  ;  Protection  of  Banks  ;  Levees  ;  Storage 
Reservoirs;  The  Improvement  of  the  Outlets  of  Rivers.  Part  II.  Improvement  by 
Canalization  :  General  Design  and  Construction  of  Locks  and  Dams  ;  Locks  ;  Lock 
Gates  and  Valves  ;  Fixed  Dams  ;  Movable  Dams  ;  Xeedle  Dams  ;  Chanoine  Wicket- 
Dams  :  Gate  and  Curtain  Dams,  Hridge  and  Shutter  Dams  ;  Drum  Wickets,  Bear- 
Traps,  and  Rolling  Dams;  Accidents  to  Structures,  etc.;  Tables  of  Locks  and  Dams; 
Waterways   in   Europe  and  Elsewhere  ;   Index. 

THE   MOORRN  WARSHIP. 

l!y  Kdward  L.  .Vttwodd.  (The  Cambridge  Manual.-^  of  Science  and 
Literature.)  Cloth,  G.^f  x  5  in.,  illus..  7  -\-  146  pp.  Cambridge.  Uni- 
versity Pres.s ;  Xew  York,  G.  P.  Putnam's  Sons,  1913.     -10  cents. 

This  book  contains,  it  is  stated,  a  brief  account  of  the  details  of  constructing 
a  modern  English  warship,  written  from  the  viewpoint  of  the  naval  architect  for  the 

•  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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general  reader  who  desires  to  obtain  some  knowledge  of  the  subject.  Many  points 
of  interest  in  connection  with  warship  design  and  construction  have  been  omitted, 
the  author  states,  owing  to  limited  space.  Nothing  of  a  controversial  or  confidential 
nature  is  included,  nor  is  there  any  reference  to  contemporary  warships  of  other 
countries.  The  Contents  are  :  Design  ;  Hull  Construction  ;  Armour  ;  Armament  ; 
Equipment;  Stability  and  Rolling;  Engines,  Boilers,  etc.;  Ventilation  and  Pump- 
ing ;  Watertight  Subdivision  ;  Steering  and  Turning  :  Power  and  Speed  ;  The  Cost 
of  Warships  ;   Bibliography  ;   Index. 

THE  CIVIC  ENGINEER'S  WHO'S  WHO. 

Compiled  by  the  Editor  of  The  Surveyor  and  Municipal  and  County 
Engineer.  First  (1912)  Annual  Issue.  Paper,  7i  x  5  in.,  120  pp. 
London,  St.  Bride's  Press,  Ltd.,  1912.     60  cents. 

The  biographies  given  in  this  volume  include  only  those  of  civic  engineers  of 
Great  Britain.  No  attempt  has  been  made,  it  is  stated,  in  this,  the  first  issue  of  this 
work,  to  make  the  biographies  comprehensive,  the  only  ones  given  with  any  degree 
of  completeness  being  those  of  engineering  officials  of  the  County  Councils  and 
Municipal  Corporations  of  England  and  Wales,  the  Metropolitan  Borough  Councils, 
and  the  District  Surveyors  of  London. 

RIVERS  AND  ESTUARIES; 

Or,  Streams  and  Tides:  An  Elementary  Study.  By  W.  Henry 
Hunter,  M.  Am.  See.  C.  E.  Cloth,  9^  x  6  in.,  illus.,  69  pp.  London, 
New  York,  Bombay,  and  Calcutta,  Longmans,  Green  and  Co.,  1913. 
$1.00.     (Donated  by  the  Author.) 

This  work,  it  is  stated,  is  based,  to  a  large  extent,  on  lectures  on  the  subject 
delivered  by  the  author  in  1911,  under  the  Vernon-Harcourt  Bequest,  before  the 
Students  of  the  Institution  of  Civil  Engineers  in  various  parts  of  Great  Britain, 
and  also  in  lectures  on  "Streams  and  Tides"  delivered  before  the  students  of  the 
Department  of  Engineering  of  the  University  of  Manchester.  The  subject-matter, 
it  is  further  stated,  and  as  defined  in  the  title,  is  an  elementary  study  of  rivers  and 
estuaries,  in  which  the  author,  from  his  wide  experience,  has  described  the  diffi- 
culties of  the  question,  physical  and  otherwise,  the  resimen  of  rivers,  the  veloci- 
ties of  flow,  mouths  of  rivers,  etc.,  together  with  examples  of  successes  and  failures 
in  river  improvement  in  various  parts  of  the  world,  for  the  benefit  of  students  and 
young  engineers.  The  Contents  are :  Difficulties  of  the  Subject  ;  Physical  Diffi- 
culties ;  The  Pursuit  of  Information  ;  Flow  Round  Bends  ;  The  Mouth  of  the  River  ; 
Kiver  Improvement  Works ;  Estuarial  Works ;  Some  European  Examples  ;  Some 
American  Examples  ;  The  Mersey  ;   Estuarial  Models  ;  Index. 

PRACTICAL  ALTERNATING  CURRENTS  AND  ALTERNATING  CURRENT  TESTING. 

By  Charles  F.  Smith.  Fifth  Edition.  Cloth,  9x6  in.,  illus., 
15  -|-  398  pp.  Manchester,  England,  The  Scientific  Publishing  Com- 
pany.    6  shillings. 

The  author's  aim  has  been,  it  is  stated,  to  produce  in  this  volume,  and  from  an 
experimental  standpoint,  a  textbook  on  the  main  principles  of  alternating  currents 
and  alterating-current  machinery,  as  well  as  a  reference  book  for  the  laboratory 
and  test  house.  The  experiments  are  stated  to  be  described  in  detail  and  may  be 
taken  as  a  general  outline  for  a  course  in  practical  work  in  the  laboratory.  The 
use  of  the  higher  mathematics  in  the  text  has  been  avoided,  except  in  a  few  in- 
stances, and  treatment  based  on  actual  results  and  examples  has  been  used  as  far 
as  possible.  This  new  edition  has  been  carefully  revised,  it  is  stated,  and  a  num- 
ber of  alterations  and  additions  have  been  made.  The  Contents  are :  Alternating 
Electromotive  Force  and  Current;  Impedance;  Power  and  Power-Factor;  Virtual 
Value  of  an  Alternating  Current ;  Effect  of  Capacity  ;  The  Transformer  ;  Alter- 
naters ;  Synchronous  Motors ;  The  Polyphase  Circuit ;  The  Rotary  Converter ;  The 
Polyphase  Induction  Motor  ;  Single-Phase  Motors  ;  The  Composition  of  Waves  ; 
Index. 

MECANIQUE,  ELECTRICITE,    ET   CONSTRUCTION    APPLIQUEES  AUX  APPAREILS 

De  Levage:  Tome  II,  Les  Ponts  Roulants  a  Treillis  et  les  Grues  a 
Portiques  Actuels.  Par  Louis  Rousselet.  Paper,  llij  x  7i  in.,  illus.. 
6  +  752  pp.    Pari.s,  H.  Dunod  et  E.  Pinat,  1913.    45  francs. 

In  the  first  volume  of  this  work,  which  was  devoted  wholly  to  traveling  cranes, 
the  subject-matter,  it  is  stated,  related  to  the  type  constructed  by  the  author  and  to 
the  theories   and  conditions  which   led   to  the   rapid   working  out   of   his   plans,   esti- 
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mates,  and  details  of  construction.  In  this  second  voiume  various  types  of  ap- 
paratus, as  well  as  the  details  of  their  construction,  are  described,  238  pages  being 
devoted  to  brakes  and  couplings  and  to  numerous  calculations  of  the  principal  sys- 
tems, which  alone  is  stated  to  justify  the  publication  of  this  new  volume,  in  addi- 
tion to  a  detailed  study  of  the  framework  of  lattice  traveling  cranes  and  of  gantry 
cranes,  the  subject-matter  contains  studies  of  aerial  tramways,  foundations,  etc., 
which  should  be  useful  to  the  engineer  in  the  installation  of  such  cranes.  Descrip-' 
tlons  and  specifications  of  numerous  types  of  traveling  and  gantry  cranes, 
particularly  of  those  used  in  steelworks,  are  also  given.  The  Contents  are  :  Part 
I,  GOnoralites ;  Moteurs.  Part  II,  Engrenagcs  Divers:  Trains  d'Engrenages ;  Clas- 
sification des  Treuils.  Part  III,  Freins  a  Main  ou  a  Pedale  et  Freins  Fonctionnant 
Independamnient  du  Moteur  Embrayages  et  Changements  de  Vitesse.  Part  IV,  Freins 
Dont  le  Fonctionnement  est  Indissolublement  Lie  a  la  Marche  du  Moteur  Part  V, 
Vis  Sans  Fin:  Reduct?urs.  Part  VI,  Chaincs  :  Cables;  Tambours:  Suspensions. 
Part  VII,  Moufles  et  Palans.  Part  VIII,  Operateurs.  Part  IX,  Direction,  Transla- 
tion. Chariots  Koulants.  Part  X,  Charpente  de  Ponts  et  Portiques  Roulants  a 
Treillis.     Part  XI,  Specifications  et  Descriptions  d'Appareils  Construits  ;   Appendice. 

COST  REPORTS  FOR  EXECUTIVES 

As  a  ]\reans  of  Plant  Control.  By  Benj.  A.  Franklin.  Cloth, 
S|  X  5i  in.,  illus.,  149  pp.  New  York,  The  Engineering  Magazine  Co., 
1913.    '$5.00. 

The  object  of  this  book,  as  stated  in  the  preface,  is  to  discuss  with  the  execu- 
tive of  a  manufacturing  plant  what  he  should  have  when  his  cost  system  is  built, 
the  values,  the  uses,  and  the  e.-sential  necessities  of  a  practical  cost  system,  show- 
ing the  operations  of  his  material,  labor,  and  expenses,  and  their  relations  to  each 
other,  and.  in  order  to  make  such  a  system  clear,  to  illustrate  it  with  practical 
forms.  Only  the  main  points  of  the  subject  are  said  to  be  covered,  and  the  forms 
are  not  applicable  to  any  particular  business,  merely  illustiating  the  principles,  but 
the  author  hopes  that  a  study  of  his  book  will  lead  to  knowledge  of  cost  systems 
as  an  essential  requirement  on  the  part  of  future  managers  and  executives.  The 
Chapter  headings  are:  The  Philosophy  of  Costs;  The  Place  of  the  Trial  Balance 
in  the  Cost  System  ;  The  Cost  of  the  Salable  Article  ;  The  Economic  Consideration  of 
Material  by  Costs ;  Labor  from  the  Cost  Viewpoint ;  The  Vexing  Question  of  Ex- 
pense ;    Statistics  as  an  Aid  ;  Cost  System — The  Basic  Improvement. 

AN  EXPENSIVE  EXPERIMENT: 

Tlie  Ilvdro-Elcctric  Power  Commission  of  Ontario.  By  Reginald 
Polham  Bolton,  M.  Am.  Soc.  C.  E.  Cloth,  8  x  5^  in.,  illus.,  281  pp. 
Xcw  York,  The  Baker  &  Taylor  Company,  1913.  $1.25.  (Donated 
liy  the  Author.) 

The  subject-matter  of  this  volume  contains,  it  is  stated,  the  history  of  an 
expensive  experiment  in  Government  ownership,  as  developed  by  the  investigation 
by  the  New  York  State  Legislative  Committee  into  the  work  of,  and  the  results  ob- 
tained by,  the  Hydro-Electric  Power  Commission  of  Ontario,  the  author's  purpose 
being  to  place  before  the  taxpayers  of  New  York  City  the  facts  relative  to  a  proposed 
appointment  of  a  State  Commission  to  regulate  and  control  the  water  resources  of 
the  State  for  the  development  of  electrical  power  for  commercial  purposes.  The 
Investigation  has  been  extended  by  personal  inquiry  and  analysis  on  the  part  of  the 
author,  the  fact.";  and  figures  given  by  him  being  stated  to  be  official  and  to  have 
been  confirmed  by  ofl5ciaI  statements  and  testimony.  The  Contents  are  :  The  Birth 
of  the  Experiment ;  The  Views  of  the  Commission  ;  Conservation  of  "Water  Power"  ; 
Development  of  Hydro-Electric  Energy  ;  How  the  Commission  Has  Gone  to  Work  ; 
From  the  Public  Point  of  View :  The  Application  of  the  Experiment  :  The  Com- 
mission's Figures:  Operation  of  the  Niagara  System;  The  City  of  Ottawa;  The  Big 
Chute  Sy.^tem  ;  The  Commission  at  Port  Arthur ;  The  Way  Out. 

HIP  AND  VALLEY  DESIGN: 

Details,  Formula',  and  Graphics;  Roofs,  Hoppers,  and  Pipe  Lines. 
Bv  II.  L.  McKihbcn  and  L.  E.  Gray.  Cloth,  9^  x  7}  in.,  illus.,  30  pp. 
Ambridge.  Pa.,  J.  E.  Banks,  1912.     $2.00. 

The  diflBculty  of  making  working  shop  drawings  for  roof  connections  at  hip  and 
valley  being  well  known,  this  book  has  been  prepared.  It  is  stated,  to  cover  the  prac- 
tical working  details  for  such  construction  and  to  present  the  necessary  analytic 
and  graphic  processes  for  thj  development  of  such  details.  The  designs  included 
herein  will  be  found  useful,  it  is  stated,  by  Engineers  and  Architects  to  determine 
readily    the   style    of   connection    adapted    to    their   demands,    by    Draftsmen    to    save 
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labor,  and  by  Students  to  gain  the  practical  training  in  descriptive  geometry  and 
trigonometry  as  applied  to  active  engineering.  The  authors  recommend  to  engineer- 
ing schools  class-room  work  in  the  proof  of  the  formulas. 

ENGINEERING  TABLES  AND  DATA. 

By  W.  W.  F.  Pullen.  Third  Edition.  Paper,  8^  x  5i  in.,  illus., 
68   pp.      Manchester,    England,    The    Scientific    Publishing    Company. 

I  shilling  6  pence. 

This  book  contains  a  collection  of  tables  and  data  for  use  in  the  labora- 
tory, the  testing  shop,  and  in  engineering  educational  work  generally.  The  steam 
table,  it  is  stated,  has  been  entirely  revised  to  represent  the  results  of  the  latest 
researches,  and  is  given  in  both  Fahrenheit  and  Centigrade  units.  A  few  mathe- 
matical notes  have  also  been  added  in  connection  with  the  tables.  A  partial  list  of 
the  Contents  is  :  Circular  Measure  of  Angles  ;  Natural  Sines,  Cosines,  Tangents  and 
Cotangents  ;  Common  Logarithms  and  Antilogarithms :  Hyperbolic  or  Napierian 
Logarithms  :  Hyperbolic  Functions  ;  Measurement  and  Conversion  Factors ;  Water 
Density   Tables  ;    Thermometer   Conversion   Tables,    etc.,    etc. 

DIAGRAMS  FOR  THE  SOLUTION  OF  THE  KUTTER  AND  BAZIN  FORMUL/E 

For  the  Flow  of  Water.     Prepared  by  Karl  R.  Kennison.     Paper, 

II  X  8i  in.,  illus..  unpaged.  Providence,  E.  I.,  1913.  $1.00.  (Donated 
by  the  Author.) 

In  the  absence  of  actual  discharge  measurements,  the  formulas  represented 
in  these  diagrams,  it  is  stated,  may  be  commonly  relied  on  to  compute  the  velocity 
of  water  flowing  in  open  channels  and  pressure  conduits.  They  assume  a  con- 
dition of  uniform  flow  and  depend,  it  is  said,  for  accurate  results  on  the  right 
choice  of  a  coefficient  of  roughness  to  fit  the  channel  in  question.  For  the  proper 
application  of  the  formulas,  the  measurement  of  surface  slope,  the  determination 
of  the  coefficient  of  roughness,  etc.,  reference  should  be  had,  the  author  states,  to  the 
many  published  works  on  Hydraulics.  It  is  also  stated  that  when  any  three  of  the 
four  variables,  Velocity,  Slope,  Hydraulic  Radius,  and  Roughness  are  known,  the 
fourth  can  be  read  off  at  once,  in  English  or  metric  units,  without  using  a  straight 
edge.      Examples   illustrating  the   use  of   the   diagrams   are   included. 

ELEMENTS  OF  WESTERN  WATER  LAW. 

By  A.  E.  Chandler.  Cloth,  94  x  6  in.,  150  pp.  San  Francisco, 
Technical  Publishing  Co.,  1913.  $2.00.  (Donated  by  the  Journal  of 
Electricity,  Power  and  Gas.) 

Public  interest  in  water  resources  and  water  rights,  especially  in  the  Western 
Stales,  is  so  great  at  the  present  time,  it  is  stated,  that  a  legal  treatise  on  the 
subject  is  excusable.  The  subject-mattsr  of  thi.^  book  appeared  first  as  separate 
article.?  in  the  Journal  of  Electricity,  Poioer  and  Ga^s,  and  form  part  of  a  course  on 
"Irrigation  Institutions"  for  advanced  students  in  tVi.e  Coll?gPS  of  Agriculture  and 
Civil  Engineering,  of  the  University  of  California.  Although,  as  stated,  the  text  is 
intended  for  those  untrained  in  jurisprudence,  the  Western  law  of  waters  having 
been  developed  by  Court  decisions,  it  lias  been  found  necessary  to  auote  freely  from 
such  decisions,  but  only  leading  cases  on  each  point  are  cited.  The  Chapter  head- 
ings are :  Early  Development  of  the  Doctrine  of  Appropriation  ;  Riparian  Rights 
in  the  Western"  States  ;  The  Law  of  Underground  Waters  ;  The  Doctrine  of  Appro- 
priation ;  Loss  of  Water  Rights ;  Water  Right  Legislation  ;  Water  Rights  in  Inter- 
state Streams  ;  Rights  of  Way  Over  Public  Lands  for  Ditches  and  Reservoirs  ;  Com- 
mercial Irrigation  Enterprises  :  The  Desert  Land  Act  and  the  Carey  Act ;  The  Re- 
clamation Act  ;  Irrigation  Districts  ;  The  Desideratum  in  Legislation  Regardmg  the 
Public  Water.s  ;    Index. 

THE  1913  LAKE  SUPERIOR  IRON  ORE  ANNUAL. 

Compiled  by  The  Iron  Trade  Review.  Leather,  9i  x  6  in.,  illus., 
71  pp.    Cleveland,  Ohio,  The  Penton  Publishing  Co.,  1913.    $2.00. 

On  the  title-page,  it  is  stated  that  this  work  contains  official  figures  on  ore  ship- 
ments by  mines,  ranges,  and  ports,  together  with  complete  statistics  bearing  on  the 
Lake  Superior  ore  movement  since  1S44,  ore  prices,  and  receipts  at  Lower  Lake 
docks  There  is  also  a  short  article  by  Edwin  C.  Eckel,  Assoc.  Am.  Soc.  C.  E.,  on 
"Ore  Mining  Costs  in  Lake  District,"  tables  of  iron  content  in  Bessemer  and  non- 
Bessemer  ores,  history  of  ore  prices,  etc. 
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THE  CONCRETE  HOUSE  AND  ITS  CONSTRUCTION. 

By  Miuirice  M.  Sloan.  Cloth.  !)i  x  G  in.,  illus.,  224  pp.  Philadelphia, 
The  Association  of  American  Portland  Cement  Manufacturers,  1912. 
$1.00. 

The  purpose  of  this  book,  the  preface  states,  is  to  make  clear  the  advantages  of 
concrete  as  a  flre-resisting,  durable,  sanitary,  and  economical  material  for  house 
con.struciiun.  Th'^  desij^n  of  concrete  houses,  and  all  the  details  of  construction, 
^uch  a3  foundations,  walls,  floors,  roofs,  stairways,  and  chimneys,  as  well  as 
methods,  estimates,  etc.,  are  thoroughly  discussed  by  the  author,  and  numerous  ex- 
amples and  illustrations  of  various  types  of  concrete  houses,  doors,  windows,  etc., 
are  also  included. 

STEEL:  ITS  SELECTION,  ANNEALING,  HARDENING   AND  TEMPERING. 

Bv  E.  K.  -Markham.  Fourth  Edition.  Cloth,  8  x  5  j  in.,  illus.,  367 
pp.     Xew  York,  The  Norman  W.  Henley  Publishing  Co.,  1913.     $2.50. 

In  a  secondary  title  it  is  stated  that  this  work  was  formerly  known  as  "The 
American  Steel  Worker",  and  that  it  is  the  standard  work  on  the  hardening,  temper- 
ing, and  annealing  of  steel  of  all  kinds,  with  descriptions  and  illustrations  of  methods 
of  hardening  tools  and  of  all  kinds  of  annealing  and  muffle  furnaces,  blast  ovens, 
open  flames,  and  of  the  uses  of  lead  and  cyanide  baths,  as  well  as  case-hardening  and 
pack-hardening.  In  this,  the  fourth  edition,  numerous  additions  regarding  the  most 
recent  methods  of  the  special-steel  treatment  are  given,  including  a  brief  account  of 
the  more  important  points  of  annealing,  hardening,  tempering,  and  case-hardening 
of  modern  alloy  stef  Is,  with  data  and  specifications  of  their  strengths,  compositions, 
and   properties. 

THE  CATSKILL  WATER  SUPPLY  OF  NEW  YORK  CITY: 

History,  Location,  Sub-Surface  Investigations,  and  Construction. 
By  Lazarus  White,  Assoc.  M.  Am.  Soc.  C.  E.  Cloth,  9i  x  6  in.,  illus., 
32  +  755  pp.  Xew  York,  John  Wiley  &  Sons,  Inc.;  London,  Chapman 
&  Hall,  Limited,  1913.    $6.00. 

The  author's  aim,  it  is  stated,  has  been  to  present  in  this  book,  in  a  reliable 
and  readable  fc.rm,  a  contemporaneous  record  of  the  history,  location,  design,  and 
construction  of  the  work  for  the  Catskill  Water  Supply.  Descriptions  of  the 
modern  methods  of  construction  used  by  the  various  contractors  engaged  on  the 
work,  are  given,  including  the  construction  of  cyclopean  masonry  dams  with  block 
facing  and  expansion  joints,  thorough  aeration  of  the  water,  building  of  cut-and- 
cover  aqueduct,  excavation  of  circular  shafts,  improved  methods  of  driving  and 
lining  tunnels,  etc.,  material  for  which  was  made  available  by  the  author's  con- 
nection with  tiie  work  and  by  the  aid  and  co-operation  of  the  various  engineers  and 
contractors  engaged  thereon.  The  Contents  are :  History  of  New  York  Water 
Works ;  The  Board  of  Water  Supply  ;  Location  of  Catskill  Aqueduct  :  Borings  and 
Sub-Surface  Investigations  ;  Explorations  for  Hudson  River  Crossing  ;  The  Ashokan 
L'ams  and  Reservoirs  ;  Esopus  Cut-and-Covcr  and  Peak  Tunnel  ;  Rondout  Pressure 
Tunnel  and  North  Half  Bonticou  Grade  Tunnel  :  Wallkill  Pressure  Tunnel,  North 
Cut-and-Cover,  and  One-Half  Bonticou  Ti'nnel  ;  Wallkill  Valley  Cut-and-Cover 
Aqueduct ;  Moodna.  Hudson,  Breakneck,  and  Bull  Hill  Tunnels  of  the  Hudson  River 
Division  ;  Peekskill  Division  Cut-and-Cover  and  Grade  Tunnels  ;  Steel  Pipe  Lines  : 
Croton  Cut-and-Cover  Aqueduct  and  Grade  Tunnels  ;  Grade  Tunnels,  Cut-and-Cover, 
and  Pressure  Aqueducts  ;  Kensico  Dam  and  Appurtenant  Works  :  White  Plains  Divi- 
sion ;  Yonkers  Pressure  Tunnel  and  Hill  View  Reservoir;  City  Tunnel;  Bronx  Divi- 
sion;   City   Tunnel:     Manhattan   Division:    Tables;    Bibliography:    Index. 

DER  BAU  DER  WOLKENKRATZER: 

Kurze  Darstelling  auf  (truiid  oiiier  Studi^Mireise  fiir  Ingenieure 
und  Architekten.  Von  Otto  Kappold.  Cloth,  9i  x  U  in.,  illus., 
8  +  263  pp.     ^Miinchen  und  Berlin,  K.  Oldcnbourg,  1913.     12  marks. 

In  the  Introduction  the  author  states  that  in  this  work  he  has  undertaken  to 
present  to  the  German  technical  world  the  wonders  accomplished  by  American 
engineers  in  the  construction  of  high  buildings  for  hotel  and  business  purposes. 
He  gives  detailed  descriptions  of  the  design  and  of  the  various  methods  and 
materials  used  in  the  construction  of  the  modern  "sky-scrapr r,"  from  the  founda- 
tion to  the  completed  structure,  as  well  as  detail  drawings  and  illustrations  of 
many  of  the  high  buildings  in  the  I'nited  States.  It  is  further  stated  in  the 
Introduction  that  the  book  offers  to  German  engineers  and  architects,  many  inter- 
esting  new   methods   of   design    and    construction  ;    to    the    steel    worker,    many    new 
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suggestions  on  the  construction  and  erection  of  steel  skeletons ;  and  to  the  con- 
crete specialists,  among  many  other  things,  a  new  method  for  heavy  concreting. 
The  Chapter  headings  are :  Einleitung ;  Entstehung  der  Wolkenkratzer ;  Voraus- 
setzung  zur  Ermoglichung  der  Wolkenkratzer;  Massnahmen  zur  Fortleitung  des 
Personenverkehrs  wahrend  des  Bauens  ;  Pundation  der  Wolkenkratzer ;  Der  Elsen- 
aufbau  ;  Schutz  des  eisernen  Tragwerks  gegen  Witterungseinfliisse  und  Feuer ; 
Deckenkonstruktionen  ;  Scheidewande ;  Einrichtungen  zum  Hochheben  der  Bauma- 
terialeu  fiir  die  Decken,  Scheidewande,  und  fiir  die  Ummantelung  der  Eisenkon- 
struktion  ;  Aussenmauern  ;  Einrichtung  innerhalb  des  Gebaudes  zur  Handhabung 
des  Verkehrs :  Maschinelle  Anlagen  zum  Betrieb  der  hohen  Gebaude ;  Wolken- 
kratzer aus  Eisenbeton  ;   Die  Feuersicherheit  der  hohen  Gebaude. 

A  TREATISE  ON  WOODEN  TRESTLE  BRIDGES 

And  Theii'  Concrete  Substitutes,  According  to  the  Present  Prac- 
tice on  American  Railroads.  By  Wolcott  C.  Foster.  Fourth  Revised 
and  Enlarged  Edition.  Cloth,  12  x  9  in.,  illus.,  19  -f  440  pp.  New 
York,  John  Wiley  &  Sons,  Inc.;  London,  Chapman  &  Hall,  Limited, 
1913.     $5.00. 

The  preface  states  that  although  wooden  trestles  are  gradually  disappearing 
from  main  lines  of  heavy  traffic,  the  increased  growth  of  branch  lines  and  of 
trestles  for  electric  railways  and  at  manufacturing  plants  for  the  cheap  handling 
and  unloading  of  material,  has  kept  pace  with  such  abandonment,  and  it  is  hoped 
that  this  new  edition  of  this  work  may  prove  useful  to  those  engaged  in  their 
design  and  construction.  New  matter,  it  is  stated,  has  been  added  to  every  chap- 
ter, and  there  are  two  new  chapters,  one  giving  a  short  outline  of  timber  preserva- 
tion and  one  on  concrete  trestles.  Many  railway  clubs  and  engineering  associa- 
tions have  permanent  committees  on  wooden  bridges  and  trestles,  and  the  various 
standards  and  rules  of  practice  adopted  by  these  committees  are  included  in  the 
subject-matter.  In  Part  II,  the  number  of  illustrations  has  been  nearly  doubled, 
it  is  stated,  and  many  examples  of  the  latest  practice,  especially  for  heavy  traffic, 
are  included.  An  extensive  bibliography  of  the  subject  and  of  related  matters  in 
trestle  building  and  maintenance  is  also  given.  The  Contents  are :  Part  I,  Intro- 
duction ;  Pile-Bents ;  Pile-Drivers ;  Trained  Bents ;  Floor  System ;  Bracing,  Com- 
pound-Timber Trestles,  High  Trestles,  etc.  ;  Iron  Details ;  Connection  with  Em- 
bankment and  Protection  Against  Accidents ;  Field  Engineering  and  Erection ; 
Preservation  and  Standard  Specifications ;  Bills  of  Material,  Records  and  Main- 
tenance ;  Timber ;  Theoretical  Considerations  of  Design  ;  Temporary  Trestles  and 
Structures;  Renewals  and  Replacing  of  Trestles;  The  Preservation  of  Trestle 
Timbers  by  Mechanical  and  Chemical  Means ;  Concrete  Trestles.  Part  II,  Plates : 
Pile-Trestles  ;  Framed  Trestles  ;  Electric  Railroad  Trestles  ;  Miscellaneous  Trestles  ; 
Ballasted    Floor    Trestles ;    Concrete    Trestles.      Part    III,    Bibliography ;    Index. 

EXCAVATING  MACHINERY. 

By  Allen  Boyer  McDaniel,  M.  Am.  Soc.  C.  E.  Cloth,  9.^  x  6^^  in., 
illus.,  18  +  340  pp.  New  York  and  London,  McGraw-Hill  Book  Com- 
pany, 1913.     $3.00. 

In  the  Introduction  it  is  stated  that,  in  recent  years,  the  interests  of  de- 
signers and  builders  have  been  stimulated  by  the  great  demand  for  all  types  of 
excavating  machinery,  and  that  many  improvements  have  been  introduced  in  the 
present-day  machine.  In  this  book,  which  is  intended,  it  is  stated,  for  the  farmer 
and  land  owner  as  v»ell  as  for  the  engineer  and  contractor,  the  author  has  de- 
scribed the  construction  of  every  type  of  excavating  machine  made,  the  uses  for 
which  it  is  devised,  and  its  application  to  work  in  various  parts  of  the  United 
Slates.  Cost  data  are  given,  which  have  been  gathered  from  a  great  variety  of 
sources  and  as  far  as  possible  from  operations  under  normal  working  conditions. 
At  the  end  of  many  of  the  chapters,  the  author  has  included  a  bibliography  of 
the  subject  treated.  The  Chapter  headings  are :  Part  I,  Scrapers,  Graders  and 
Shovels :  Drag  and  Wheel  Scrapers ;  Road  or  Scraping  Graders ;  Elevating 
Graders  ;  Capstan  Plow  ;  Steam  Shovel.  Part  II,  Dredges  :  Dry  Land  Excavators  ; 
Floating  Excavators  ;  Trench  Excavators ;  Levee  Builders ;  The  Comparative  Use 
of  Excavating  Machinery.  Appendix  A,  General  Specifications  for  a  Modem  Steam 
Shovel  for  Railway  Construction  ;  Appendix  B,  Tests  of  the  Mississippi  River  Com- 
mission  for  Hydraulic   Dredges;    Index. 
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Bankhead,   J.   H.     1  pam. 
Bellamy,    H.    E.      4   pam. 
Belzner,    Theodore.      1    pam. 
Bengal,    India-Irrig.    Dept.      1    bound   vol. 
Bensel,   J.   A.      1   bound  vol. 
Berlin.    Kgl.    Technische    Hochschule.       1 

pam. 
Beverly,    Mass. -City   Clerk.      2   bound   vol. 
Bilbao,   Spain-Junta  de  Obras  del  Puerto. 

2    pam. 
Bombay    Presidency,    India-Public    Works 

Dept.      1   vol. 
Boston,     Mass. -City     Auditor.        1     bound 

vol. 
Brazil-Ministerio  de  Viacao  e  Obras  Pub- 

licas.      1    vol. 
Bridgeport,  Conn. -City  Auditor.     ,3  bound 

vol. 
British    Assoc,    for    the    Advancement    of 

Science.      1   bound  vol. 
Brockton,  Mass. -City  Messenger.    8  bound 

vol.,    12    vol. 
Buffalo.  N.   Y. -Bureau   of  Water.      1  pam. 
Bulawayo  Waterworks  Co..   Ltd.      1   pam. 
Burlinpton,    Vt. -Water    Dept.      2   pam. 
California-Board         of        State         Harbor 

Commrs.   for   the  Port  of  Eureka.      1 

pam. 
(^alifornia-Conservation   Comm.      1   vol. 
ralifornia-R.    R.    Comm.      3   para. 
Cambridge,    Mass. -City    Clerk.       1    bound 

vol.,   1  vol. 
Cambridge    Univ.    &    Town    Water-Works 

Co.      1   pam. 
Canada-Board   of   Ry.    Commrs.      1   vol. 
Canada-Comm.       of       Conservation.  1 

bound   vol. 
f^anada-Dept.    of   Colonization,    Mines   and 

Fisheries.      1    vol. 
I'anada-Dept.  of  Mines.     2  vol.,  2  pam. 
Canada-United    States-Inter.  Joint    Comm. 

1     vol.,    4    pam. 
Canadian  Soc.  of  Civ.  Engrs.     1   pam. 
Carnegie    Institution    of    Washington.       6 

vol. 
Chemin  de  Fer  de  Paris  a  Orleans.    2  pam. 
C  hem  in    de   Fer    du    Nord.      1    pam. 
Chemin    de    Fer    Metropolitain    de    Paris. 

1    pam. 
Chemins  de  Fer  de  I'Est.      1   pam. 


Chemlns    de    Fer    de    Paris    d.    Lyon    et    a 

la   MediterranSe.      1   pam. 
Chicago,  111. -City  Statistician.      1  vol. 
Chicago,   III. -Civ.   Service  Comm.      2  pam. 
Chicago,   111. -Committee    on    Local    Trans- 
portation.     1   pam. 
Chicago,    111. -Supervising   Engrs.,    Chicago 

Traction.      1   bound   vol. 
Cincinnati,    Ohio-Water-Works    Dept.       1 

pam. 
Clarke,  D.  D.     1  bound  vol. 
Cleveland,   Ohio-City   Clerk.   1   bound   vol., 

2  pam. 
Cleveland,  Ohio-Municipal  Court.      1  pam. 
Colorado-Agri.    Exper.    Station.      3   pam. 
Colorado-State   Board   of  Agri.      2   pam. 
Colorado-State   Engr.      1  bound  vol. 
Colorado-State  Highway  Comm.      1  vol. 
Colorado-State    R.    R.    Comm.       1    vol.,    4 

pam. 
Colorado   Scientific    Soc.      4    pam. 
Columbia    Univ. -Ernest    Kempton    Adams 

Fund.      2    vol. 
Commonwealth     Club     of     California.       9 

pam. 
Concord,   N.   H. -Board  of  Water  Commrs. 

1  pam. 

Congreso      Cientifico,      4th,      Santiago     de 

Chile.      2   vol. 
Connecticut-Rivers,    Harbors   and    Bridges 

Comm.      1   pam. 
Connecticut-Special     Comm.    on    Taxation 

of  Corporations.      1   vol. 
Connecticut-State     Board    of    Health.       .3 

bound  vol. 
Connecticut-State     Highway     Commr.        1 

pam. 
Connor,    W.    D.      1    pam. 
Copper    Range    Consolidated    Co.      1    pam. 
Cnwie,    F.    W.      1    vol. 
Delaware  Coll.     3  pam. 
Delft  Technische   Hoogeschool.      7   pam. 
Dos   Moines,    Iowa-City    Engr.      4   vol. 
Dist.   of   Columbia-Board   of  Charities.      1 

vol. 
East  Indian  Ry.   Co.      1  pam. 
Easton,   Pa-City  Clerk.      1   pam. 
Egyptian    Delta   Light    Rys.    Co.,    Ltd.      4 

pam. 
Eng.    Soc.    of   the    Univ.    of   Manitoba.      2 

pam. 
Eng.   Soc.  of  York,   Pa.      2   pam. 
Erie,     Pa. -Commrs.    of    Water-Works.       1 

pam. 
Evans,   Powell.      1   vol. 
Fantoli,    Gaudenzio.      3   pam. 
Fitchburg,     Mass. -City     Clerk.       8     bound 

vol.,  1  vol. 
Fitchburg,   Mass. -Sewage  Disposal   Comm. 

2  pam. 
Florida-Comptroller.      1  vol. 
Florida-State  Board  of  Health.     1  vol. 
Franklin,   N.   H.-City  Clerk.      13  vol. 
Gamble,  William  B.     1  pam. 

Geneva.    N.    Y. -Board    of    Public    Works. 

1  pam. 
Germany-Preussischen    Landesanstalt    fiir 

Gewasserkunde.      1   vol. 
Glasgow     &     South-Western     Ry.     Co.       1 

pam. 
Gloucester,  Mass. -Board  of  Water  Commrs. 

2  pam. 

Gloversvllle,      N.      Y.-Board      of      Water 

Commrs.  1  pam. 
Grand  Rapids  &  Indiana  Ry.  Co.     1  pam. 
Great   Indian   Peninsula   Ry.   Co.      1   pam. 
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Halifax,   N.   S.-City  Engr.      2  pam. 
Haskins  &  Sells.      1   vol. 
Haverhill,   Mass. -City  Engr.      1  pam. 
Hawaii-Commrs.    of    Agri.    and    Forestry. 

2   pam. 
Hevk^es,    V.    H.      5    bound   vol.,    5   vol.,    24 

pam. 
Heymauns,   Carl.    2   bound   vol. 
Holyoke,   Mass. -City  Clerk.   12   bound  vol. 
Holyoke,   Mass. -City   Engr.      3   pam. 
Hoover,  Charles  P.      2  pam. 
Horton,    R.    E.      2    pam. 
Houston.    A.    C.      1   pam. 
Idaho-State     Board     of     Equalization.     5 

pam. 
Idaho-State    Engr.      1    vol. 
Idaho-State  Insp.  of  Mines.      1  vol. 
Illinois-Agri.     E.xper.     Station.       1    bound 

vol. 
Illinois-Bureau     of     Labor    Statistics.       1 

pam. 
Illinois-Canal   Commrs.      1    bound    vol.,    1 

pam. 
Illinois-Coal    Min.     Investigations    Comm. 

1    pam. 
Illinois-Highway   Comm.      1   bound  vol. 
lUinois-R.    R.    and   Warehouse    Comm.      2 

bound    vol. 
Illinois-State    Comm.    on    Bldg.    Laws.      3 

pam. 
Illinois-State  Min.  Board.     1  bound  vol. 
Illinois  Soc.  of  Engrs.  and  Surv.     1  vol. 
Illinois,   Univ.  of.      1  vol. 
India-Ry.    Board.       1    vol.,    1    pam. 
Indiana-Geol.  Survey.      1  bound  vol. 
Institution  of  Civ.  Engrs.     2  bound  vol. 
Institution  of  Mech.  Engrs.      1  vol. 
Iowa  Eng.   Soc.     1  pam. 
Iowa   State  College  of  Agri.   and  the   Me- 
chanic Arts.     2  vol.,  2  pam. 
Iowa  State  Univ.      1  vol. 
Iron   and  Steel   Inst.      1  bound  vol. 
Japan-Imperial    Earthquake    Investigation 

Committee.      1    pam. 
.Japan-Imperial    Govt.    Rys.      3    vol. 
Johnson,  T.  H.      1  bound  vol. 
Kalamazoo,   Mich. -City  Clerk.      1  vol. 
Kansas-Dept.   of   Labor   and    Industry.      1 

bound  vol. 
Kansas-Public  Utilities  Comm.      4  pam. 
Kentucky-Geol.    Survey.      1   bound   vol. 
Kentucky-State     Board     of     Forestry.       2 

pam. 
King  &  King.      1  pam. 

Leeds,    England-Sewerage    Engr.      1    pam. 
Leisen,   Theodore  A.      1  bound  vol. 
Lenox,   Mass. -Town  Clerk.     1  pam. 
Lewiston,   Me. -Water  Board.      1   para. 
Liverpool  Eng.  Soc.     1  bound  vol. 
London,     Ont. -Board    of    Water    Commrs. 

1  pam. 

London,   Univ.   of-Coll.  Library.      1  bound 

vol. 
Louisiana-State    Board    of   Appraisers.      2 

pam. 
Louisiana  State  Univ.     1  vol. 
Lowell,     Mass. -Water-Works     Commr.       1 

pam. 
Luedecke,   Carl.      1   pam. 
Lynchburg,   Va.-City   Clerk.      1    pam. 
Madeley,  J.  W.     2  bound  vol. 
Madison,    Wis.-Board    of    Water    Commrs. 

2  pam. 

Madras,  India-Public  Works  Dept.     1  vol. 
Magyar  Mernok-es   Epitesz-Egylet.      1  vol. 
Maine-Conimr.    of   Highways.      1   pam. 
Maine-State   Auditor.      1    iDound    vol. 


Maine-State    Board    of    Health.      1    bound 

vol. 
Marlborough,     Mass. -Water     and     Sewage 

Comm.      1  pam. 
Maryland-State   Dept.    of   Health.      1    vol. 
Massachusetts-Board  of  Metropolitan  Park 

Commrs.      1   bound  vol. 
Massachusetts-Directors    of     the    Port    of 

Boston.     1  pam. 
Massachusetts-Metropolitan      Water      and 

Sewerage  Board.     2  bound  vol. 
Massachusetts-State   Board  of  Health.      1 

pam. 
Massachusetts    Inst,    of    Tech.-Elec.    Eng. 

Dept.      1  pam. 
Medford,  Mass. -Water  and  Sewer  Commrs. 

1    pam. 
.Memphis,   Tenn. -Artesian  Water   Dept.      1 

pam. 
Meryweather,    H.    F.       1    pam. 
.\Ietcalf,   Leonard.      1   pam. 
Mexican   Ry.   Co.,  Ltd.      2  pam. 
Michigan-Geol.  and  Biological   Survey.      2 

bound  vol. 
Michigan-R.   R.  Comm.     1  bound  vol. 
Michigan-Secy,  of  State.      1  pam. 
Middleboro,  Mass. -City  Clerk.     4  pam. 
Midland    &    South    Western    Junction    Ry. 

Co.     1  pam. 
Minneapolis,  Minn. -Board  of  Park  Commrs. 

1    pam. 
Minnesota-State  Forester.     2  pam. 
Missouri-Bureau    of    Geology    and    Mines. 

1  bound  vol. 

Missouri-State  Auditor.      1   bound  vol. 

Missouri    Univ.      2    pam. 

Missouri  Univ. -School  of  Mines  and 
Metallurgy.      1   pam. 

Mobile,  Ala. -City  Clerk.      1  pam. 

Municipal  Engrs.  of  the  City  of  New 
York.      1   bound   vol. 

National  Assoc,  of  Cotton  Manufactur- 
ers.     2  vol. 

National  Board  of  Fire  Underwriters.  30 
pam. 

National    Fire    Protection    Assoc.      1    vol., 

2  pam. 

Nebraska-State  Ry.  Comm.     1  vol. 
Nebraska   Eng.    Soc.      1    pam. 
Nebraska,    Univ.    of.      2    vol. 
Nelson,   Knute.      1   pam. 
Nevada-Insp.   of  Mines.      1   pam. 
Nevada-R.   R.   Comm.      1   pam. 
Nevada-State  Engr.      1  vol. 
New   Bedford,  Mass. -City  Clerk.      8  bound 

vol.,  3  vol. 
New   Bedford,    Mass.-City    Engr.      1    pam. 
New   Britain,   Conn. -City   Clerk.      3  bound 

vol. 
New   England       Water- Works       Assoc.      1 

pam. 
New  Hampshire-State    Board    of    Health. 

1    bound    vol. 
New  Jersey-Comptroller.      1  bound   vol. 
New  Jersey-Forest        Park        Reservation 

Comm.      2   pam. 
New  Jersey-Geol.   Survey.      2  pam. 
New  Jersey-State  Board  of  Assessors.      2 

bound  vol. 
New    Jersey- State    Water    Supply    Comm. 

1   pam. 
New  Mexico-Coll,     of     Agri.     and     Mech. 

Art.s.      2   pam. 
New  Mexico-State  Engr.      2  bound  vol.,   1 

vol. 
New      South      Wales-Director-General      of 

Public  Works.      1  vol. 
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New  York  City-Board  of  HeaUli.     I  buiiiul 

vol. 
New    York    City-Board   of    Water    Supply. 

1  bound  vol. 
New   York       City-Borough       of       Quoons- 

Conimr.  of   Public   Works.      4  paiii. 
New  York  City-Coinptroller.      1   pani. 
New  York      City-Dept.       of       Bridges.      1 

bound    vol. 
New  York   City-Fire  Dept.      1    bound   vol. 
New    York    City-Municipal    Reference    Li- 
brary.     2   pam. 
New  York  State-Clerk  of  Senate.      4  pam. 
New  York  State-Commrs.  of  State  Reser- 
vation at  Niagara.      1  pam. 
New  York  State-Dept.  of  Health.      3  pam. 
New  York    State-Health    Officer,    Port    of 

New  York.      1  pam. 
New  York     State-Public     Service    Comm., 

First  Dist.      1  bound  vol.,  2  pam. 
New   York     State-Public     Service    Comm., 

Second  Hist.      2  pam. 
New   York-State    Engr.      1    pam. 
New  York-State       Factory       Investigating 

Comm.      3  bound  vol. 
New  York-State  Library.     1  bound  vol. 
.Veil-   York  City  Record.      10  bound  vol. 
New  York  Univ.      1   pam. 
New  Zealand-Minister    for    Rys.      4    pam. 
Newark,  N.  .J.-City  Clerk.      10  bound  vol. 
Newark,   N.   J.-City   Plan  Comm.      3   pam. 
Newell,  William.      1  pam. 
Nolthenius,   R.   Tvitein-.      3  bound   vol. 
North   Carolina-Geol.    and   Economic   Sur- 
vey.     1  pam. 
North  Dakota-Board    of    R.    R.    Commrs. 

1   pam. 
North   Dakota-State   Board   of   Health.      1 

pam. 
Northampton,  Mass. -City  Clerk.      6  bound 

vol. 
O'Gorman,    James    A.       1    bound    vol.,    1 

pam. 
Ohio-Geol.  Survey.     1  bound  vol. 
Ohio-Public  Service  Comm.      1  bound  vol. 
Oklahoma-Corporation    Comm.      2    pam. 
Oklahoma-Dept.    of    Mines,    Oil    and    Gas. 

1    bound    vol. 
Oklahoma-Dept.     of     Public     Health.         1 

bound    vol. 
Oklahoma-Geol.    Survey.       2    pam. 
Omaha.    Nebr.-City    Comptroller.      1    pam. 
Ontario.       Canada  -  Hydro  -  Elec.       Power 

Comm.      2  vol. 
Ontario.       Canada-Minister       of       Public 

Works.      1   bound  vol. 
Ontario,       Canada-Ry.       and       Municipal 

Board.      1   vol. 
Orange,    N.    J. -Board   of  Health.      1    pam. 
Oregon-Conservation  Comm.      1   pam. 
Oregon-State  Board  of  Health.      1   pam. 
Oregon-State  Engr.      3  pam. 
Oregon-State    Forester.      1    pam. 
Oregon,    Univ.    of.      1    pam. 
Pennsylvania-Highway   Dept.      2    pam. 
Peters,    F.    H.      1    vol. 

Philippine    Islands-Board    of    Rate    Regu- 
lations.     2    pam. 
Philippine    Islands-Bureau    of    Health.      1 

pam. 
Philippine   Islands-Bureau   of   Navigation. 

1    pam. 
Philippine     Islands-Bureau        of       Public 

Works.      2   pam. 
Pullman    Co.      5    pam. 
Ransdell,   J.   E.      1  pam. 


Rhode   Island-Commrs.  of  Shell   Fisheries. 

1   pam. 
Rhode   Island-Public     Utilities    Comm.      1 

pam. 
Rhodesia    Rys.    Co..    Ltd.      1    pam. 
Rose  Polytechnic  Inst.      1  vol. 
Ryon,   Henry.      11    pam. 
Sabin,    A.    H.      1    bound    vol.,    1    pam. 
St.   Louis,  Mo. -City  Plan  Comm.      2  bound 

vol. 
St.   Louis,    Mo.-Comptroller.      1    pam. 
St.   Paul,       Minn. -City       Comptroller.     1 

bound  vol. 
Salt     Lake     City,     Utah-Health     Dept.      1 

pam. 
San    Diego,    Cal.-City    Clerk.      3    pam. 
Sanborn.    Frank    B.      1    bound    vol. 
Sandusky,    Ohio-City    Auditor.      1    pam. 
Savannah,  Ga.-City  Clerk.      17  vol. 
Schaeffer.  Amos  L.      6  bound  vol. 
Schantung-Eisenbahn-Gesellschaft.  1  pam. 
Schenectady,    N.    Y.-City    Clerk.      6   bound 

vol. 
Schweizerischer      Ingenieur      und      Archi- 

tektenverein.      2  pam. 
Skorniakoff,   E.  E.      4  vol. 
Sloium,  C.  M.      1  pam. 
Smithsonian    Institution.      10    pam. 
Societe    Beige   des    Ingenieurs    et    des    In- 

dustriels.      2  pam. 
Societe   de   I'lndustrie   MinSrale.      1   vol. 
Societe    Generale     des     Chemins     de     Fer 

Economiques.      1  pam. 
Soc.  of  Naval   Archts.  and  Marine  Engrs. 

1   bound  vol. 
Somerville,   Mass. -City   Council.      1   bound 

vol. 
Somerville,  Mass. -Water  Commr.      1  pam. 
Soper,   George  A.      1  pam. 
South   Africa,  Union  of.-Gen.  Mgr.  of  Rys. 

and   Harbors.      1   vol. 
South   Dakota-Geol.  Survey.      1  vol. 
Submarine   Signal   Co.      3   pam. 
Switzerland-Abteilung    fUr    Landeshydro- 

graphie.      2   vol. 
Tennessee-R.  R.  Comm.      1  pam. 
Tennessee-State  Board  of  Entomology.      3 

pam. 
Tennessee-State   Geol.    Survey.      1    pam. 
Thompson,  G.  W.      1  pam. 
Thompson,   Slason.      .5   pam. 
Toeh.    Maximilian.      1    pam. 
Toronto,  Ont. -Harbor  Commrs.      1  pam. 
Trenton.   N.    J.-City   Clerk.      2   pam. 
Truro.   N.   S.-Town   Clerk.      2   pam. 
U.    S. -Adjutant-Gen.      1   vol. 
U.   S. -Bureau  of  Animal  Industry.      1  vol., 

1   pam. 
U.   S. -Bureau     of     Education.      1      vol.,     1 

pam. 
U.   S. -Bureau    of    Foreign    and     Domestic 

Commerce.      2  pam. 
U.   S. -Bureau  of  Insular  Affairs.      1  bound 

vol.,  1  pam. 
U.   S.- Bureau  of  Mines.      18  pam. 
U.   S. -Bureau  of   Plant  Industry.      1   pam. 
U.   S. -Bureau  of  Soils.      2   pam. 
U.   S.-Bureau     of     Standards.      1     vol.,     9 

pam. 
U.   S. -Census    Bureau.      1     bound    vol.,     7 

pam. 
U.    S.-Chf.   of  Engrs.      2   pam.,   25   specif. 
U.   S. -Children's  Bureau.      1  pam. 
U.    S.-Civ.  Service  Comm.      1  bound  vol. 
U.   S. -Coast  and  Geodetic  Survey.      1  pam. 
U.    S. -Commr.    of   Corporations.    2   vol. 
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U.   S. -Corps  of  Engrs.      1  vol.,  2  pam.  Vermont-State  Geologist.      1  bound  vol. 

U.   S.-Dept.   of  Commerce.      1   bound  vol.  Vermont-State  Highway  Commr.      1  pam. 

U.   S.-Dept.    of   the    Interior.      1    pam.  Victoria-Commr.  of  Rys.      2  pam. 

U.   S.-Engr.  School.     2  vol.,  12  pam.  Victoria-Sludge  Abatement  Board.     1  pam. 

U.   S. -Forest    Service.      5    pam.  Villalon,   Jose  R.      1  pam. 

U.   S.-Geol.  Survey.      5  vol.,  6  pam.  Virginia-Geol.   Survey.      1   vol. 

U.   S. -Interstate       Commerce       Comm.  1    Virginia-State      Corporation      Comm.       1 

bound  vol.,   1   pam.  bound  vol. 

U.   S. -Isthmian  Canal  Comm.      1  pam.  Washington-Highway  Comm.      1  map. 

U.   S. -Library  of   Congress.      1   pam.  Washington-State     Board     of     Health.      1 

U.   S. -Mississippi  River  Comm.      1  pam.  pam. 

U.   S. -National  Museum.      1  bound  vol.,  3    Washington-State  Library.      1   pam. 

vol.  Washington,  Univ.  of.      1  vol.,  1  pam. 

U.   S. -Office  of  Naval  Intelligence.      2  pam.  Waterbury,  Conn. -City  Engr.      1   pam. 

U.   S. -Office  of  Public  Roads.      2  pam.  Wellington,  N.  Z. -Harbour  Board.      1  pam. 

U.   S. -Philippine  Comm.      1   bound  vol.  West  Virginia-Geol.   Survey.      1   map. 

U.   S. -Reclamation     Service.      4     pam.,  6    Western   Australia-Agt.-Gen.      1  vol. 

maps.  Western  Australia-Geol.    Survey.      2   pam. 

U.   S.-Secy.    of  the   Interior.      10   pam.  Western  Canada   Irrig.    Assoc.      2   pam. 

U.   S.-Supt.   of   Documents.      1    pam.  Western   Soc.  of  Engrs.        1  pam. 

U.   S. -Weather    Bureau.      1    pam.  Whinery,  Samuel.      1  pam. 

Utah-State  Engr.      2  vol.  Winnipeg,   Man. -City  Engr.      1  pam. 

Utah,  Univ.  of.      1  vol.  Wisconsin-Geol.  and  Natural  History  Sur- 

Vermont-Comm.    on    the    Conservation  of             vey.        1   pam. 

Natural  Resources.      1  pam.  Wisconsin-R.  R.  Comm.      2  bound  vol. 

Vermont-Public   Service  Comm.      1   bound  Woburn,  Mass. -Water  Dept.      1  pam. 

vol.  Yale  Univ.      1  pam. 

Vermont-State  Forester.      1  pam.  Ziffer,  E.  A.  von.      1  vol. 

BY  PURCHASE 

The  New  International  Year  Book:  A  C'ompeiidiuin  of  tlie  Workrs 
Progress  for  the  Year  1!)12.  Edited  by  Frank  Moore  Colby.  Dodd, 
Mead  and  Company,  New  York,  1913. 

Small  Water  Supplies,  Being  a  Practical  Treatise  on  the  Method.s 
of  Collecting,  Storing  and  Conveying  Water  for  Domestic  Use  in  Large 
Country  Mansions,  Estates,  and  Small  Villages  and  Farms,  for  the  Use 
of  Engineers,  Estate  Agents,  and  Owners  of  Countrv  Property.  Bv 
F.  No(Jl  Taylor.  D.  Van  Nostrand  Co.,  New  York;'B.  T.  Batsford, 
London. 

Poor's  Manual  of  Public  Utilities:  Street  Railway,  Gas,  Electric, 
Water,  Power,  Telephone  and  Telegraph  Companies,  1918.  Poor's 
Railroad  Manual  Co.,  New  York. 

The  Official  Good  Roads  Year  Book  of  the  United  States.  American 
Highway  Association,  Washington,  D.  ('..  1913. 

Locomotive  and  Carriage  Superintendents'  Committee  Affiliated 
with  the  Indian  Railway  Conference  Association.  Proceedings  during 
1912  and  at  the  Coonoor  Meeting,  Dec.  2d,  1912.  Alfred  E.  Williams", 
Secy.,  Paiel,  Bombay,  India. 

Der  Schornsteinbau.  Von  Gustav  Lang.  Viertes  Heft:  Sockel, 
Grundbau,  Fuchs  und  Einsteigoffnungeii,  Bekampfung  der  Ranch-  und 
Russplage.     Ilelwingsche  Verlagsbuciihandlung,  Hannover,  1911. 

Royal  Commission  on  Coast  Erosion:  First,  Second  and  Third 
Reports.  3  Vol.  Wyman  and  Sons,  Limited,  London  ;  Oliver  and 
Boyd,  Edinburgh;  and  E.  Ponsonby,  Dublin,  1907-11. 

The  Practical  Railway  Spiral,  with  Short  "W^orking  Formulas  and 
Full  Tabk-s  of  Detlection  Angles  :  Complete  Notes  of  Illustrative 
E.xamples.     By  L.  C.  Jordan.     I).  Van  Nostrand  Co.,  New  York,  1913. 
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Schubwiderstand  und  Verbund  in  Elsenbetonbalken  auf  firuiul  von 

A'crsuch  und  Kilalii  iiiiLr.     \'()ii  K.  Sali^cr.     .Julius  Spriuucr,  Berlin,  IDl;}. 

Reports  of  Decisions  of  the  Public  Service  Commission,  First 
District  of  tlie  State  ot  New  York  ;  Vol.  8,  Jan.  Ist,  l!»12.  to  Jan.  1st, 
1!)1;{.     Puhlislu'd  by  the  Commission,  New  York,  1913. 

A  Text-Book  on  Trade  Waste  Waters;  Tlu'ir  Xature  and  I)is))()sal. 
Uy  II.  Muekun  Wilson  autl  11.  T.  Calvert.  J.  B.  Lippincott  Co..  Phila- 
delphia;  Charles  Gritlin  &  Company,  Limited,  London,  1913. 

Modern  Pumping  and  Hydraulic  Machinery  as  Applied  to  all 
Purposes,  with  Kxplanation  of  the  Theoretical  Principles  Involved, 
Construction.  "VVorkiuLC  and  Relative  Advantages  ;  Being  a  Practical 
Handbook  for  Engineers.  Designers  and  (Others.  By  Edward  Butler. 
J.  B.  Lipjiincott  Co..  Philadelidiia  ;  Charles  Griffin  and  Company,  Lim- 
ited, London,  1913. 

Electrical  Machine  Design :  The  Design  and  Specification  of  Direct 
and  Alternating  Current  Machinery.  By  Alexander  Gray.  McGraw- 
Hill  Book  Co.,  Xew  York  and  I^fuidon,  1913. 

Liquid  Steel:  Its  Manufacture  and  Cost.  By  David  Carnegie, 
Assisted  by  Sidney  C.  Gladwyn.  Longmans,  Green  and  Co.,  New  Y'ork 
and  London,  1913. 

Mitteilungen  ijber  Forschungsarbeiten  auf  dem  Gebiete  des  Inge- 
uieurwesens.  iiisliesondere  aus  den  I.al)oratorien  der  techni.schen  Iloch- 
schuleu.  Ilerausgegeben  von  Verein  Deutscher  Tngenieure.  Hefte  133- 
134.     Julius  Springer.  Berlin,  1913. 

Deutscher  Ausschuss  fur  Eisenbeton.     Hefte  23-2().    Wilhelm  Ernst 

iS;  Solm.  Berlin.  I'.il;;. 

Die  Wasserkrafte,  ilir  .\usbau  und  ihre  wirtschaftliche  Ausnutzung: 
Ein  techniscb-wirtschaftliches  Lehr  und  Ilaiulbueli.  Xou  Adolf  T>udin. 
2  Xol.     Julius  Springer.  Berlin.  191."). 

The  Britannica  Year-Book,  1913:  .\.  Survey  of  the  World's  Progress 
Since  the  Completion  in  1910  of  the  Encyclopiiedia  Britannica.  Eleventh 
Edition.  Edited  Viy  Hugh  Chisholm.  The  Encyclopredia  Britannica 
Coinjiauy.  New  York  and  London.  1913. 

Analytical  Chemistry.  Bv  F.  P.  Treadwell.  Authorized  Transla- 
tion by  William  T.  Hall.  Vol.  1 .  (^lalitative  Analy.sis.  Third  EngHsh 
from  the  Fifth  (Jernian  Edition.  John  Wilev  t*y:  Sous.  New  Y^ork;  Chap- 
man c'v:  Hall.  Ltd..  London,  191.'!. 

Cassell's  Reinforced  Concrete:  .\  Complete  Treatise  on  the  Practise 
and  Theoiy  of  Mo(hrn  Construction  in  Concrete-Steel.  Edited  liy 
Bernard  K.  Jones.  Cassell  and  Coinpany.  I.iniited.  Xew  York.  London. 
Toronto  and  Mell)0urne.  1913. 

Steel  Rails:  Their  History.  Properties,  vStrength  and  Manufacture, 
with  Notes  on  the  Principles  of  Rolling  Stofk  and  Track  Design.  By 
William  H.  Sellew.  D.  Van  Nostrand  Co..  New  Yoik:  Constable  & 
Co..  Ltd..  London.  1913. 
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National  Association  of  Railway  Commissioners.  Proceedino-s  of 
tlu^  Tweiitv-rourtli  Annual  Convention  Held  at  Washin<;ton,  I).  C, 
November  ■li)-22,  li)12.      AVusliin^ton,  V.)i:\. 

Report  on  the  Necessity  and  Practicability  of  Establishing  a  System 

of  Impounding  Keservoirs  at  the  Headwaters  of  the  Alleghany, 
Monongahela,  and  Ohio  Rivers  and  Their  Tributaries.  United  States- 
Corps  of  Engineers.  (62d  Congress,  3d  Session,  Document  No.  1289.) 
Government  Printing  Office,  Washington.  1013. 

Report  on  Survey  of  Ohio  River,  Ohio  and  West  Virginia,  with  a 

View  to  the  Selection  of  Sites  for  the  Additional  Locks  and  Dams 
Between  Lock  No.  (S  and  Lock  No.  29,  Including  the  Last-Named  Lock, 
and  for  the  Preparation  of  Plans  and  Estimates.  United  States-Corps 
of  Engineers.  (G2d  Congress,  3d  Session.  Document  No.  1159.) 
Government  Printing  Office,  Washington,  1913. 

Tables  of  Cases  and  Opinions  of  the  Interstate  Commerce  Com= 
mission:  Decisions,  under  Act  of  190b,  from  August,  1900,  to  June. 
1912,  Vols.  XII  to  XXIII,  Inclusive.  Government  Printing  Office, 
Washington,  1912. 

The  Biographical  Directory  of  the  Railway  Officials   of  America, 

1913  Edition.  Edited  and  Compiled  by  Harold  Francis  Lane.  McGraw- 
Hill  Book  Co.,  New  York  and  London. 

Thermodynamik  der  Turbomaschinen:  Thermodynamische  Bewert- 
iing  und  Bcrechnung  der  Dampfsturl)inen,  Turbo-Kom^jressoren,  Turbo- 
Kaltemaschinen  und  Gasturl)inen  unter  besonderer  Berucksichtigung 
graphischer  Verfahren.  Von  Guido  Zerkowitz.  R.  Oldenbourg.  Miin- 
chen  und  Berlin.  1913. 

Computations  for  Marine  Engines.  By  C.  H.  Peabody.  -John 
Wiley  &  Sons,  New  York  ;  Chapman  &  Hall,  Limited,  London,  191.3. 

Refractories  and  Furnaces  :  Properties,  Preparation,  and  Application 
ol'  Materials  Used  in  the  Construction  and  Operation  of  Furnaces.  By 
F.  T.  Havard.  McGraw-Hill  Book  Company,  New  York  and  London, 
1912. 

Handbuch  der  Ingenieurwissenschaften :  Drifter  Teil.  Der  Was- 
serbau:  Stauwerke.  Von  P.  Gerhardt,  K.  E.  Hilgard,  E.  Mattern,  und 
Th.  Rhebock.  Zweiter  Band,  Vierte,  vermehrte  Autlage.  Wilhelm 
Engelmann,  Leipzig,  l!)10. 


SUMMARY  OF  ACCESSIONS 

(From    May    5th  to   July    31st,    1913) 

Donations  (including  O."!  du])licates) 892 

By  purchase 38 

Total 930 
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MEMBERSHIP 

ADDITIONS 

(From  Miiy  !)th  to  Augu.st  Ttli,  191;]) 

MEMBERS 

AiJ>PORT.   James  Hohart.     Cons.   Engr.   and   Pics.,   Clinch- 
field    Coal    Corporation,    Barnesboro,    Pa 

Ambirx,    William    Wesley.     Engr.    in    Chg.,  "^ 

Croat    Falls    &    Teton    County    Ry.    in    !    Assoc.  M. 
Montana,   205   East  8Gth    St.,   Portland,    f  M. 
Oic J 

Barnako,   \\iLFKEn   Keeper,     obi   North    \'ega    |  Assoc.  M. 
St..    Alhanibra,   Cal [  M. 

Barton,   \\alter  Chew.     .Junior   Engr.,  U.   S. 


Engr.   Dept:,   Metropolitan    Bank   Bldg., 


Assoc.  M. 
M. 


New  Orleans,  La 

Bayles,  George  Harmon.     Engr.  in  Chg.  of  Constr..  Stony 

River    Dam,    Dobbin,    W.    Va 

Beer.  Pail.     ^Igr..  Barber  As])lialt  Paving  Co..  )    Assoc.  M. 

Des    Moines,    Iowa f  M. 

BLAtK.     GuRDON     GiLMORE.     Eugr.     in     Chg.,  S 

Supply    and    Purifying   Div.,    St.    Louis   !   Assoc.  M. 

Water   Dept..    34    East   Grand    Ave.,    St.    (  M. 

Louis.    Mo J 

BoATRiTE.  Ja.mes   Edwix.     Gen.  Mgr.,  Guerbcr   / 
Eng.    Co..     Bethlehem,    Pa 1 

Bowermax,  Horatio  Bevan.  Chf.  Const.  Engr.,  Bureau 
of  Lighthouses.    15   West  29th   St..   Baltimore,   Md .  . 

Cheney,  Sherwood  Alfred.  Maj.,  Corps  of  Engrs., 
U.  S.  A.;  Secy.,  California  Debris  Coniiii..  405  Custom 
House,    San    Francisco,    Cal 

Clark,  Wayne  Almon.  Chf.  Engr.,  The  Duluth  &  Iron 
Range  R.  R.,  510  Wolvin  Bldg.,  Duluth.  Minn 

Clement,  Sheldon  Byrne.  Chf.  Engr.  and  Supt.  of  Main- 
tenance, Temiskaming  &  North.  Ont.  Ry..  North 
Bay,    Ont..    Canada 

CoLRY.   Elmer   Ellsworih.     Chf.   Engr.,   St.   L..   Oklahoma 

&  Pacific  R.  R.,  Chickasha,  Okla 

Cole,    Edward    Ssfith.     Hydr.    Engr.;     Mgr.    ,    . 

/  Assoc    AT 
and  Cons.  Engr.,  The  Pitometer  Co.,  220    '      ' 

Broadway,  New  York  City 

Conrad,  Lowell  Edwin.     Prof,  of  Civ.   Eng., 

State  Agricultural  Coll..  317  North  17th 

St.,    Manhattan.    Kans 

Cruise,  Edgar  DrDij;Y'.    Asst.  Engr.,  Ore.  Short  Line  R.  R., 

Ashton.     Idaho 


Date  of 
Membership. 

July  2,  1913 

Sept.  2.  1908 

June  4,  1913 

Nov.  8,  1909 

July  2,  1913 

July  1.  1908 

April  2.  1913 

June  4,  1913 

Oct.  4,  1905 

July  2,  1913 

Oct.  5.  1909 

July  2,  1913 


Jun. 

Feb. 

5,  1895 

Assoc.  M. 

Nov. 

3.  1897 

M. 

May 

7.  1913 

M. 

Assoc,  ^r. 
M. 


June  4.    1913 

July  2.    1913 

July  2.   1913 

:\ray  7.    1913 

Jan.  7.   1913 

Sept.  7.   1904 

June  4.   1913 

Oct.  3.   1906 

July  2.   1913 

June  4.   1913 
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MEMBERS    ( Continued ) 

CuLYER,  Thurston  Carlyle.  Asst.  Engr.,  Dept.  of  \\  ater 
Supply,  Gas  and  Electricity,  New  York  City,  Purdy 
Station,    N.    Y 

DoTEN,    Leonard     Smith.     Civ.     Engr.,     War 


Dept.    (Res.,   410  A   St.,   N.   E.),   Wash- 


Assoc.  M. 
M. 


ington,    D.    C 

Drane,     Brent     Skinner.     1205     Commercial    )  Assoc.  M. 

Bank    Bldg.,    Charlotte,    N.    C ("  M. 

DuDER,    John.     Prin.    Asst.    City    Engr.,    125    i  Assoc.  M. 

M.  St.,   Salt  Lake   City.   Utah [  M. 

Durham,  Leicester.     Asst.  Engr.,  Board  of  Water  Supply, 

City  of  New  York,  Box  26,  New  Paltz,  N.  Y 

Frommer,    Charles.     Asst.    Engr.,    Sewer    Design,    Bureau 

of  Surveys,  2610  North  29th  St.,  Philadelphia,  Pa.. 
Gales.    Robert    Richard.     Engr.    in    Chf.,    Lower    Ganges 

Bridge,    Paksey,   Bengal,    India 

Gravell,  William  Henry.      (Franklin  &  Co.),    )  Assoc.  M. 

1420  Chestnut  St.,  Philadelphia,   Pa...    [  M. 
Hall,     Louis     Wells.     1302     Wancoma     St.,    i  Assoc.  M. 

Birmingham,  Ala f  M. 

Harrison,   Christopher.     City  Engr.,   City  Hall.   Everett, 

Mass 

Hays,   John   Coffee.      Cons.    Elec.    Engr.,   Vi-   |  Assoc. 

salia,     Cal ("  M. 

Hess,   Edwin   Wesley.     Kratzer   Bldg.,   Clearfield,   Pa.... 
Howard.    Ralph    Hills.     Gen.    Mgr.,    New    Orleans    Great 

North.    R.    R.,    Jackson.    Miss 

Howie,   Howard    Benson    Wilberforce.     Chf.    ]  Jun. 

Engr.,    West   Constr.    Co.,    Chattanooga,    I  Assoc.  M. 

Tenn (  M. 

Howland,    Lewis    Abner.     Gen.    Supt.,    Queens    Borough 

Gas  &  Elec.  Co.,  Far  Rockaway,  N.  Y 

Hurd,  Hurd  Clarence.     Care,  Riegos  y  Fuerza  del   Ebro, 

S.  A..  Tremp,  Lerida,   Spain 

Insley,     William     Henry.     Pres.     and     Gen. 


Date  of 
Membership. 


June  4,   1913 

July  9,   1913 

June  4,  1913 

July  10,  1907 

May  7,   1913 

Nov.  8,  1909 

June  4.   1913 

May  7,   1913 

June  4,   1913 

Mar.  4,   1913 

April  4,   1911 

July  2,   1913 

Oct.  1,  1902 

July  2,   1913 

May  7,   1913 

May  4,   1U09 

June  4,   1913 

May  7,   1913 

July  2,   1913 

Mar.  6,   1906 

Dec.  6,   1910 

June  4,   1913 


July 


1913 


Mgr..     Insley     Mfg.     Co.,     Indianapolis, 


Ind. 


Assoc.  M. 
M. 


July      2,   1913 

Aug.     31,   1909 
June      4.   1913 


Jenkins,  Charles  Edwin.     Engr.  of  Ways,  Easton  Transit 

Co..  431  Clinton  St..  Easton,  Pa 

JoHXSON.    George    Arthur.     Hydr.    and    San. 


Mav 


7.   1913 


Engl-.    (Johnson   &   Fuller),    150   Nassau 


Assoc.  M. 
M. 


St.,  ,  New    York    City 

Jones,  Owen  Meriwether.  Asst.  Engr.,  Michigan  Lake 
Superior  Power  Co.,  306  Barbean  St.,  Sault  Ste. 
Marie,    Mich 


Feb.       6,   1907 
July       2,   1913 


April 


1913 
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MEMBERS    (Continued)  .    ,,^^J^'^  ^,^. 

Membership. 

Keli.eu,  WiM.iAM  SiMi'soN.     State  Highway  Enjujr.,  Capitol. 

Montgomery.    Ala -Inly       2.   1913 

Lathrop.  Jay  Cowiiex.     Civ.  and  Meoli.  Engr.,    )    .  ivr      /^  ^        .i    mn- 

"        /  Assoc.  M.     Oct.        2,   190( 
Northern  Ohio  Power  Co.,  220  Hamilton    V  ^  F  h        4    IQIS 

BUIg.,   Akron,   Ohio ) 

Leahy,  JLwrice  Joseph.    South  Hadley  Falls,    f    Assoc.  M.     Dec.       4,  1907 
Mass f  M.  June      4,1913 

Lewis.  Edward  Kowland.  Asst.  to  (Jen.  Mgr.,  Duhith, 
SdDth  Shore  &  Atlantic  Ry.,  904  Fidelity  Bldg., 
Duluth.    Minn May       7,   1913 

McCausland,  Charles  Patterson.     Locating   j  ^^^^^    ^^      j^^^        g    ^^^^ 
Engr..   The   West.   Md.   Ry.,    P.    0.    Box    J.  ^^  j^^j^.       ^    jg^^ 

465,  Hagerstown,   Md ) 

McRae,  John   Bell.     Cons.  Engr.,  Citizen   Bldg.,   Ottawa, 

Ont.,   Canada    May       7,   1913 

Miller.  Washington  J.     Archt.  and  Structural  Engr.,  45 

Kearny    St.,    San    Francisco,    Cal Jan.       7,   1913 

Mills,   George   Clark.     402    Livingston   Bldg.,   Rochester, 

N.    Y June      4.   1913 

MiTCHAM,     George     Nathan.       City      Engr.,  "^ 

Opelika    and    Auburn;     State    Highway    (^  Assoc.  M.     Nov.       8.   1909 
Conunr.;    Prof,    of    Civ.    Eng.,    Alabama    f  M.  June      4.  1913 

Polytechnic  Inst..  Auburn,  Ala J 

MoNSARRAT,  Charles  Nicholas.  Chairman  and  Chf.  Engr., 
Board  of  Engrs.,  Quebec  Bridge,  709  New  Birks  Bldg., 
:Montreal,    Que.,    Canada Mar.      4,   1913 

NoRCROSS,  Paxil  Howes.     Civ.,  Structural  and    \    .  . 

Hydr.    Engr.     ( Solomon-Norcross     Co.),    (.^^        '  *  '     ^^^^^        ^'   ^^^^ 
1022  Candler  Bldg.,  Atlanta,  Ga )       "  '.  '     • 

Paget,  John   Portman.     Engr.  and   Contr.    (Paget  &   Bir- 

kett),  Casilla   733,   Guayaquil,   Ecuador April     2.   1913 

Parker,  Dorsey  Julian.  Gen.  Supt.  and  Chf.  Engr., 
Am.  Coal  Corporation,  1312  Glen  Iris  Ave.,  Birming- 
ham, Ala July      2,   1913 

Pearse,  Langdon.    Div.  Engr.,  in  Chg.,  Sewage    \  Jun.  Jan.       6,  1903 

Disposal.    San.    Dist.    of    Chicago.    Kar-    (.  Assoc.  M.     Oct.        7,   1908 
pen    Bldg.,    Chicago,    111 )  M.  July       2,   1913 

Phillips,     Howard     Crathorne.       Valuation    \  Jun.  April     5.  1892 

Engr.,    A.,    T.    &    S.    F.    System,    1033    t  Assoc.  M.     Sept.      6,  1899 
Ry.    Exchange,    Chicago,    HI )  M.  June      4,  1913 

Phillips,  Jasper  Marion.     Scott  City,  Kans July      2.  1913 

Prack,  Bernard  Herman.  Archt.  and  Engr.  (Brack  & 
Perrinc),  36  James  St.,  South.  Hamilton,  Ont., 
Canada May       7.   1913 

Real  y  Gaillard,  Juan  D.     Chf.   Engr.,   Dept.  of  Public 

Works,  Province  of  Oriente,  Santiago  de  Cuba,  Cuba.     June      4.   1913 
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MEMBERS    (Continued)  Date  of 

Membership. 

Redfield,  Charles  Montieth.     Chf.  Engr.,  Central  Oregon 

Irrig.  Co.,  Deschutes,  Ore June      4,   1!)13 

Reinke,  Frederick  Jarrett.  Asst.  Chf.  Engr.,  St.  L., 
Troy  &  East.  R.  R.  and  St.  L.,  Columbia  &  Waterloo 

Ry.,   726   Bayard   Ave.,   St.   Louis,   Mo July       2,   1913 

Salmon,    John    McClure.     Asst.    Bridge    Engr.,    L.    &    N. 

R.  R.,  4G38  South   First  St.,  Louisville,  Ky June      4.  1913 

ScHLUMPF,  Oscar  Leonard.  Chf.  Draftsman  and  Asst. 
Engr.,  Chester  &  Fleming,  Union  Bank  Bldg.,  Pitts- 
burgh   (Res.,  625  Broad  St.,  Sewiekley),  Pa May       7.   1913 

Schneider,       Anton.     Supt.,       Amalgamated    )  Assoc.  M.  May       4,  1898 

Phosphate  Co.,  Brewster,  Fla \  M.  July       2,  1913 

Seabury,  George  Tilley.     Asst.  Engr.,  Board    j  Jun.  Mar.    31.   1903 

of   Water    Supply,    13    Lake    St.,    White    V  Assoc.  M.  Dec.        1.   1908 

Plains,    N.    Y )  M.  May       7.1913 

Simpson,   John    Thomas.     Cons.    Engr.    and    Archt.,    1224 

Essex    Bldg.,    Newark,    N.    J July       2,   1013 

Solomon,   Gabriel  Roberts.     Civ.,   Structural   )    .  ,_  ^  ^        „    ,„^., 

'       ,^    ,        „  ,„  ,  ^^  /  Assoc.  M.  Oct.        2.   1907 

and     Hydr.     Engr.      ( Solomon-Norcross   V 

Co.),  1622  Candler  Bldg.,  Atlanta,  Ga..    \       '  '  •'         /,   i^io 

Stegner,  Clifford  Milton.     Archt.  and  Engr.    j 

(Stegner,  Hughes  &Alves),   1014  Com-    Cj^;      "       '  j^^^      2'  1913 

mercial  Tribune  Bldg.,  Cincinnati,  Ohio.     )  "'^         ' 

Struckmann,    Holger.    Chf.    Engr.    and    Gen.  "^ 

Mgr.,    lola    Portland    Cement    Co.,    815    1   Assoc.  Nov.     20,   1900 

Commerce    Bldg.      (Res.,    1618    Linwood    I  M.  May       7.  1913 

Boulevard) ,    Kansas    City,    Mo J 

Sullivan,  Murray.     Office   Engr.,   Ore.    Short   ^  ^^^^^    ^^  ^  ^    ^^^^ 

Line  R.  R.,  606  Deseret  News  Bldg.,  Salt   (.  ^  ^^        ^'   ^^^^ 

Lake   City,   Utah \ 

TiDD,  Arthur  Warren.     Senior  Section  Engr.,  "^ 

New  York  City  Board  of  Water  Supply,    I    Assoc.  M.  June      3.   1903 

Hill  View  Div.,  Yonkers    (Res.,  10  Oak-    f  M.  May       7,   1913 

wood  Ave.,  White  Plains),  N.  Y J 

Tilden,  Charles  Joseph.     Prof,  and  Head  of"^  j^^^^  -^^         g^    jg^^ 

Dept.  of  Eng.  Mechanics,  Univ.  of  Mich-    I    ^^^^^    ^^  j,^^        ^    ^^^2 

igan,   1619   Cambridge   Rd.,   Ann  Arbor,    f^  j^^^^      ^'   ^^^3 

Mich J 

Tilt,  Garret  Edward.     Chf.  Engr.,  Structural    )  ht  t  t     innn 

'  ^  I  Assoc.  M.  June       1,   1909 

Dept.,   John  Monks   &   Sons,    82   Beaver    I  M  7    1913 

St.,  New  York  City )      '  ^^ 

TuRNEAURE,  FREDERICK  EuGENE.     Cons.  Engr.;   -j  Assoc.  Aug.     31,  1897 

Dean,    Coll.    of    Mechanics     and     Eng.,    i  Assoc.  M.  June      4,   1902 

Univ.   of  Wisconsin,   Madison,    Wis )  M.  July       2,   1913 

VosHELL,  James  Theodore.     Senior  Highway   Engr.,  Office 

of   Public  Rds..   Washington,   D.   C July       2.  1913 


August.  ]!)i:?.l 


:mi:.mi!1 


ADDll-lOXS 
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MEAIBEKS    {Continued) 

Wai.i.kk.  Osmar  Lysa.mieu.  Prof,  of  Matli.  iiiid  Civ.  Eng., 
State  Coll.   of   Wa.shington,   Pullinau,   Wa.sli 

Walls,  John  Abbet.  Cons.  Engr..  Sliawinigan  Water  & 
Power  Co.  and  Clif.  Engr.,  Pennsylvania  Water  & 
Power  Co.  at  Holtwood,  Pa.;  Room  39,  U.  S.  Fidelity 
&   Guaranty  Bldg.,   Baltimore,  Md 

Waiirex.  Philip  Ridsdale.  Chf.  Engr.,  Norton  Griffiths  & 
Co..  Ltd..  308  Dominion  Express  Bldg.,  Montreal, 
Qjie.,    Canada 

\^■ATSO^^  William  Craven.  Bridge  Designer,  N.  Y.,  X.  H. 
&  H.  R.  R.,  45  Smith   St.,  West  Haven,  Conn 

Weakland.  Francis  Lee.  Asst.  Chf.  Engr.,  Bolivia  Cen- 
tral Ry.,  Casing  100,  La  Paz,  Bolivia 

Wells.  George  Henry.     11  East  24th  St.,  New  York  City. 

Wheeler,  Walter  Scoit.  Prin.  Asst.  Engr.  to  Chf.  of 
Irrig.,  Peruvian  Govt.,  Apartado  889,  Lima,   Peru.. 

Wi(;gixs.  William  D.  A'aluation  Engr..  Penn. 
Lines  W.  of  Pitts..  Ponnsylv;niia  Sta- 
tion,   Pittsburgh,    Pa 

Wild.  Herbert  Joseph.  Prof,  of  Eng..  Penn- 
sylvania Military  Coll.,  Chester,  Pa ...  . 

Williams,  Cyril,  Jr.  Civ.  and  Hydr.  Engr. 
St.,    San   Francisco,    Cal 


Date  of 
Membership. 

July       2,   1913 


June  4,  1913 

July  2,  1913 

May  7.  1913 

Mar.  4,  1913 

IVIay  7,  1913 

Dec.  3,  1912 


/  Assoc.  M. 

Oct. 

2, 

1901 

fM. 

July 

2 

1913 

j  Jun. 

Mar. 

31. 

1903 

I  Assoc.  M. 

April 

6. 

1904 

)  M. 

June 

4, 

1913 

1015   Scott 

ASSOCIATE    members 

Agnew,  Augustus  W'aterous.  (Ritchie,  Agnew  &  Co.), 
Agnew   Blk.,   Prince  Rupert,   B.   C,   Canada 

Albert,  Daniel  Wesley.  Care,  Great  \\'estcrn  Power  Co., 
Keddie,    Cal 

AuTEN,  Claude  Isaac.     Res.  Engr..  Bates  ^Ifg.    f   J>in. 

Co..  Lewiston,  Me [  Assoc.  M. 

Bagby,  L'liANCis  Cyrus.  Mgr.,  St.  Louis  Dist.  Office,  Cor- 
rugated Bar  Co.  of  Buffalo.  N.  Y..  1409  National 
Bank   of   Commerce   Bldg.,   St.    Louis.   Mo 

Bailey,  Albert  Ross.  Instr.  in  Ry.  Eng.  and  Surveying, 
Univ.  of  Michigan,  914  Lincoln  Ave..  Ann  Arbor, 
Mich 

Bennett,  Wii.>liam  Bryant.  Civ.  and  Public  Service 
Engr.,  422  West  Wilson  St.,  Madison.  Wis 

BERN.STEIN,  Lester.  Asst.  Superv.  of  Station 
Service,  B.  &  O.  R.  R.,  Care,  Third  Vice- 
Pres.,  B.  &  O.  R.  R.,  Baltimore,  Md .  .  . 

Black,  Clarence  Neellv.  Chf.  Engr.,  Gulf  Pipe  Line  Co. 
and  J.  M.  Guffy  IVtroleuni  Co.,  1418  North  St.. 
Beauniont.     Te.x 


June      4.    1913 


July  2,  1913 

June  4.  1913 

Sei)t.  1.  1908 

June  4,  1913 


July       2,  1913 


July       2,   1913 


Mav 


1913 


Jun. 
Assoc.  ^I. 


Fel).     28,   1905 
Mav       7.   1913 


June      4.   1913 
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ASSOCIATE   MEMBERS    (Continued) 

Black,  John  Cecil.     4011  North  3oth  St.,  Tacoma,  Wash.  . 

Black.  Rorert  Alexander.  Div.  Engr.,  Transcontinental 
Ry.,    QTiebec,    Que..    Canada 

Blair,  Alexander.    City  Engr.,  Summit,  N.  J 

Boardman,  William  Harris.    71  Mapes  Ave.,  Newark,  N.  J. 

Boyajohn,  Haig  Milton.  Cons.  Engr.  and  Contr.  (Boya- 
john-Arnold  Co.),  907  Wilcox  Bldg.,  Portland,  Ore... 

Braslow,  Barnett.  Engr.,  Bureau  of  Mtinicipal  Research, 
2975   Valentine   Ave.,   New    York    City 

Bbennan,  James  Gregory.  Asst.  Engr.,  State  Comm.  of 
Highways,  2.51  Western  Ave.,  Albany,  N.  Y 

Bright,  Ditdley  Seymour.  812  Diamond  Bank  Bldg.,  Pitts- 
burgh,   Pa 

Britton,  George  Chester.  Supt.  for  Barrally  &  Ingersoll, 
Hemlock,    N.    Y 

Brooking,  Joseph  Hugh.  Asst.  Engr.,  Office  of  Chf.  Engr. 
of  Operation,  St.  L.  &  S.  F.  R.  R.,  Frisco  Bldg., 
Springfield,    Mo 

Brooks,  Clarence  Morrison.  Div.  Engr.,  State  Highway 
Dept..   P.   0.   Box  2G0,   Keene,   N.   H 

Brown,  Elmer  Hovey.    Hempstead,  N.  Y 

Brown.  John  Maughs.  In  Chg..  Dept.  of  Civ.  Eng.. 
Univ.  of  South  Dakota,  103  North  Univ.  St.,  Ver- 
milion,   S.    Dak 

BuNDY,  Oscar  Harold.  Chf.  Engr.,  Washington  &  Old 
Dominion  Ry.,  1517  H  St.,  N.  W'.,  Washington,  D.  C. 

Burr,  Myron   Carlos.      Civ.,   Hydr.   and   Min.    )  Jun. 

Engr,,  Fort  George,  B.  C,  Canada \   Assoc.  M. 

Cahill,  John  Richard.     Structural  Engr.  and 


Date  of 
Membership. 

July  2,   1913 

Jvily  2 

May  7 

June  4 

June  4 

June  4 

June  4 

April  2 

Feb.  4 

May  7 

July  2 

Dec.  3 

June  4 


July 
May 
Jan, 


Contr,,  460  Montgomery  St,,   San  Fran- 


Jun, 
Assoc.  M. 


cisco,    Cal 

Christian,   Charles   Stephen.     Engr.,   Morgan    Eng.    Co., 

Texarkana,  Ark 

Cohen,  Abraham  Burton.    Asst.  Engr.  in  Chg.  of  Concrete 

Constr.,  D.,  L,  &  W.  R.  R.,  Room  315,  U.  S.  Express 

Bldg.,    Hoboken,    N.    J 

Cooksey,  Robert  Mavin.     Prin.  Asst.  Engr.,  Paving  Comm., 

207  City  Hall,  Baltimore,  Md 

Culver,  Arthur.     Oficina  del  Subterraneo,  Estacion  Once, 

Ferro   Carril   Oeste   de    Buenos   Aires,    Ltd.,    Buenos 

Aires,   Argentine    Republic 

Cunningham,  Pinkney  Edward,     Insp.,  U.  S.   \ 

ITtT  T^  ^  T,  ^  T.  .^,  \x.      ,  f      Jun. 


War     Dept.,     P.     O.     Box     421,     Vicks- 


1    Assoc.  M. 


burg,  Miss i 

Cutting,  Robert  Curtis.     Junior  Engr.,  Engr.  Dept.,  U.  S. 
A.,  Hogsett,   W.   Va 


April  30 
June      4 


Jan.        7 

July       2 
Julv       2 


May       7 

July       1 
June      4 


April     2,   1913 
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ASSOCIATE  MEMBERS   (Continued)  Date  of 

Membership. 

Daudx,  Ralph  Brueke.     Chf.  Engr.,  A.  Bentley  &  Sons  Co., 

Toledo,  Ohio May       7,   1913 

Davidson,  Thomas  Merfdith.  Asst.  Western  Mgr.,  Con- 
crete Steel  Co.,   1106  Monadnock  Bldg.,  Chicago,  111.      Jan.       7,   191:5 

Davis.    Phiup    Ciiapix.     858    Howard    Ave.,    Bridgeport, 

Conn June      4,   1913 

Del^ry.  Eugene  Frank.  Draftsman,  Sewerage  and  Water 
Board  of  New  Orleans,  2007  Laharpe  St.,  New  Or- 
leans, La May       7,   1913 

Doolittle.  Frederick  William.    Asst.  Prof,  of  "^ 

Mechanics,  Coll.  of  Eng.,  Univ.  of  Wis-    1    Jun.  April     5,   1910 

consin;  With  R.  R.  Comm.  of  Wisconsin,    [Assoc.  U.     July       2,   1913 
939  University  Ave.,  Madison,  Wis J 

Doyen,  George  Evelyn.     1950  Bogart  Ave.,  New  York  City.     July      2,  1913 

Drager,  Walter  Louis.     Asst.  City  Engr.,  34    )  Jun.  May       3,  1910 

Elm  St.,  Schenectady,  N.  Y j"  Assoc.  M.     May       7,   1913 

Dunham.     Fred    Calvin.       1514     West    Providence    Ave., 

Spokane,    Wash May       7,  1913 

Earle,  Warren  Clifford.  Chf.  Engr.,  Railroad  Comm.  of 
the  State  of  California,  833  Market  St.,  San  Fran- 
cisco, Cal Feb.       4,1913 

Edy,  John  North.     Asst   City  Engr.,  Box  881,    |  Jun.  Oct.     31,  1911 

Billings,    Mont \  Assoc.  M.     April     2,   1913 

Epps,  Frederick  William.     934  Armstrong  Ave.,  Kansas 

City,    Kans May       7,   1913 

Ferguson,  John  Ashley.  Engr.,  Bureau  of  Bldg.  Inspec- 
tion, Dept.  of  Public  Safety,  Public  Safety  Bldg., 
Pittsburgh,  Pa May       7,   1913 

Flick,  John   Kiiamer.     Res.  Engr.,  Baltimore    |   Jun.  Jan.     31,   1911 

City  Water  Dept.,  Loch  Raven,  Md .  .  .  .    f  Assoc.  M.     July       2,   1913 

FOlling,   Bjarne  Nicolas.     Chf.    Engr.,   Southern    States 

Steel  Co.,  1411  Praetorian  Bldg.,  Dallas,  Tex July      2,   1913 

Fowler,  Charles  Worthington.  With  Snare  &  Triest, 
Engr.  on  Constr.,  Pier  5,  P.  0.  Bo.v  1197.  San  Juan, 
Porto    Rico July       2,   1913 

Fowler,  Frank  Hoyt.     4755  Eleventh  Ave.,  N.  E.,  Seattle, 

Wash May       7,   1913 

Frost,  Harry  Henry.  Gen.  Supt.  and  Engr.,  City  Water- 
Works,  584  East  Buchtel  Ave.,  Akron,  Ohio June      4,  1913 

Gailor,   Chester   Francis.     Roadmaster,   The  Connecticut 

Co.,   Di-awer   31.   Hartford,    Conn June      4,   1913 

Gallagher,    Joseph.     Myers,    N.    Y Jan.       7,  1913 

Garvin.    Edgerton    Chester.     Junior     Engr.,    )   Jun.  Dec.       3,  1907 


U.  S.  Engr.  Dept.,  Savannah,  Ga (  Assoc.  M.     June      4,  1913 
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ASSOCIATE  MEMBERS    [Continued) 
Gould,  Chester  Mason.     Section  Engr.,  Board 


Juii. 
soc. 


M. 


of    Water    Supply,    City    of   New    York,    \. 
Cold   Spring,   N.   Y ) 

Graves,  George  Augustus.  Member  of  Firm,  Trenton  Eng. 
Co.,  Room  210,  Commonwealth  Bldg.,  Trenton,  N.  J. 

Halsey,  Milo  Clinton.     Structural  Engr.,  M.  ^ 

of    W.    Dept.,    Pacific    Elec.    Ry.,    239    1    Jun. 
North     Canyon     Boulevard,     Monrovia,    1    Assoc.  M. 
Cal J 

Handley,  Harvey  Lockhart.  Chf.  Engr.,  New  Mexico- 
Colorado  Coal  &  Min.  Co.,  Yankee,  N.  Mex 

Hanique,  Jules  Edmond.  2271  East  19th  St.,  Oakland, 
Cal 

Harding,     Sidney     Twichell.     Irrig.     Engr.,  ~^ 

OfTice    of    Experiment    Stations,    U.    S.    I    Jun. 
Dept.  of  Agri.,  3216  Third  Ave.,  North,    f  Assoc.  M. 
Billings,    Mont J 

Harlan,  Clarence  Haller.  Structural  Engr.,  McClintic- 
Marshall  Constr.  Co.,  426  Sample  St.,  Millvale,  Pa.  . 

Hayne,  Daniel  Carlos.  Constr.  Engr.  and  Supt.,  Cleary- 
Kuert  Co.,  Inc.,  802  Hume-Mansur  Bldg.,  Indian- 
apolis,   Ind 

Heidel,  Benjamin  Franklin.  Senioi-  Highway  Engr., 
Office  of  Public  Rds.,  U.  S.  Dept.  of  Agri..  605 
Iroquois   Apartments,   Washington,   D.    C 

Hendrie,  John  Gibson.  Engr.  and  Supt.  of 
Constr.,  The  New  Trinidad  Lake  Asphalt 
Co.,   Ltd.,    Brighton,    Trinidad 

Hess,  John  Strider.  Designing  Engr.,  Dur- 
yea,  Haehl  &  Gilman,  1318  Humboldt 
Bank   Bldg.,   San  Francisco,   Cal 

Hoi,loway,  Roger  Tifft.     50  Church  St.,  New 

York    City \  Assoc. 

Howard,  Joel  Manning.  First  Asst.  Engr.,  State  High 
way  Dept.,  Cleveland  Bldg.,  Watertown,  N.  Y^ 

Howe,  Clarence  Decatur.  Chf.  Engr.,  Grain 
Comm.  of  Canada,  Fort  William,  Out., 
Canada 

Howes,  Donald  Winthrop.  Su))t.,  Carpciiter 
&  Boxley  &  Herrick,  375  Ovingtou  Ave., 
Brooklyn,   N.   Y 

HoYT,  William  Glenn.  Dist.  Engr.,  Water  Resources 
Branch,  U.  S.  Geological  Survey,  Old  Capitol  Bldg., 
St.   Paul,   Minn 


Date  of 
Membership. 

April     6,   1909 
June      4,   1913 


June      4,   1913 

June    30,   1910 
June      4,   1913 


July  2,   1913 

June  4,    1913 

Sept.  5,  1905 

May  7,   1913 

June  4,   1913 

May  7,   1913 

June  4.   1913 


/  Jun. 

Sept. 

5, 

1911 

r  Assoc.  M. 

April 

2 

1913 

/    Jun. 

Oct. 

5. 

1909 

r  Assoc.  M. 

Julv 

2 

1913 

Jun. 


M. 


/  Jun. 

r  Assoc.  M. 

Jun. 
Assoc.  M. 


May  31,  1910 

May  7,  1913 

June  4,  1913 

Oct.  5.  1909 

May  7.  1913 

April  4.  1905 

Julv  2,  1913 


July       2,   1913 


Au-,Mist.  1!)  1:5.1 
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ASSOCIATE    MEMI5EKS     (Cuilt  IHUcd) 

IkciiiEs.  William  Rkhakd.  Ju.     812  Coal  St.,   1  Juii. 

\\  ilkinsburg,     Pa (  Assoc.  M. 

Jacobs,  Jacoh  J.oiis.  Engr.  in  Chg.,  Etliciency  Div., 
Chicago  Civ.  Service  Conini.,  5651  Diexel  Ave., 
Chicago,  111 

James,  Edwin  W'ahlev.  U.  S.  Chf.  Insp.  of  Public  lids., 
7205  Blair  Rd.,  Wasliington,  D.  C 

Jennings,  Percy  John.  Inspecting  Engr.,  Dominion 
Govt.,  Irrig.  Branch,  Dept.  of  the  Interior,  P.  O. 
Drawer  V,   Calgary,   Alberta,   Canada 

Johnson,  Davu)  Clayton.     Asst.  Engr.  to  H.  "^ 

de  B.  Parsons,  Cons.  Engr.,  22  William    1     Jun. 
St.,   New   York   City    (Res.,    245   Hewes    f  Assoc.  M. 
St.,  Brooklyn,  N.  Y.) J 

Johnston,  Thomas  Stewart.  Chf.  Engi-.,  The  L.  E.  Myers 
Co.,    1117    Monadnock    Bldg.,    Chicago,    111 

Jones,  Lee  Morgan.  City  Engr.,  Port  Arthur,  Ont., 
Canada 

Keixogg,  Frances  ^^■ILLIAM.  Stony  Kivt-r  Dam,  Dobbin, 
W.   Va 

Klein,   Roy   Alton.     Garden   Home,    Ore 

Kohl,  Ernest  William,  Jr.  Chf.  Engr.,  The  Spanish  Am. 
Iron   Co.,   Santiago   de   Cuba,   Cuba 

Kromer,  Clarence  Herbert.  Asst.  Structural  Engr.,  Cal- 
ifornia State  Dept.  of  Eng.,   Sacramento,   Cal 

Larsen,  Henry.  Engr.,  Doyle,  Patterson  &  Beach,  401  Wor- 
cester Bldg.,   Portland,   Ore 

Lee,  Ernest  Eugene.  Supt.,  Erection  of  Machinery  and 
Elec.  Equipment,  Isthmian  Canal  Comni.,  Culebra, 
Canal    Zone,   Panama 

Lyman,  James  Duncan  Knapp.  Asst.  Engr.,  The  Mt.  Ver- 
non Bridge  Co.,  508  East  Chestnut  St.,  Mt.  Vernon, 
Ohio 

Lynch,   Alexander    Sydney.     57    Holmes   St.,    1    Jun. 

West  Haven,   Conn i   Assoc.  M. 

McClelland,  Carl  Armor.  Hydrographer,  Twin  Falls 
Land  &  Water  Co.,  Milner,  Idaho 

McRae,  Henry  Clinton.  Div.  Engr.,  Baltimore  Sewerage 
Comm.,    Colgate,    Md 

Maiione,  William,  Jr.     Asst.  Res.  Engr.,  Nor-    i  Jun. 

folk  &  South.  R.  R.,  Norwood,  N.  C j  Assoc.  M. 

]\Iarch,  George  Miles.  Chf.  Engr.,  Bictt  Eng.  &  Contr. 
Co.,  Wilson,  N.  C 

Merrick,  Horace  Guy.  U.  S.  Junior  Engr.,  La  Crosse, 
Wis 


Date  of 
Membership. 

June      1,  1909 

May       7,   1913 


June  4,  1913 

July  2,  1913 

June  4,  1!)13 

Sept.  1,  1908 

May  7.  1913 

May  7,  1913 

July  2,  1913 

May  7,  1913 

June  4,  1913 

July  2,  1913 

May  7,  1913 

April  2,  1913 

Uar.  4,  1913 

June  4,  1913 

Dec.  0,  1910 

June  4,  1913 

July  2,  1913 

May  7,  1913 

Ai)ril  5,  1910 

July  2,  1913 

May  7.  1913 

Mav  7,  1913 
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ASSOCIATE  MEMBERS    (Continued) 

MouuE.  Walter  Smyth.     Engr.,  M.  of  W.,  L.    \   Juii. 

&  A.  R.   R.,   Versailles,  Ky \  Assoc.  M. 

MooKEFiELD,    Chaki>es    Henry.     Highway    Engr.,    Oifice    of 

Public  Rds.,  U.  S.  Dept.  of  Agri.,  Washington,  D.  C. 
Morris,  Edwin  Thaddeus  Albinus.     2183  Broadway,  New 

York  City    

Murphy,  James  Joseph.     Civ.  Engr.  to  Commr.  of  Parks 

and   Boulevards,   199   Cherry  St.,  Detroit,  Mich 

Nimmo.   William   Hogarth   Robertson.     Care,    F.   Fricke, 

Esq.,    Victorian    Govt.    Representative,    687    Market 

St.,  San  Francisco,  Cal 

Palmer,  Wallace  Cromwell  Allen.     Asst.  Engr.  in  Chg. 

of  Constr.,   Gas  Mains,   in  City  of  Manila,   Dept.   of 

Eng.  and  Public  Works,  Manila,  Philippine  Islands .  . 
Patterson,  Charles  Lawson.     Asst.  Engr.,  Arkansas  Val. 

Ditch  Assoc,  421   Broadway,  Pueblo,  Colo 

Phillips,    Richard    Edward.      Engr.,    Barge    Canal    Office, 

Lyon  Bldg.,  Albany,   N.   Y 

Pommereb,  Robert  W^illiam.   With  Board  of  W^ater  Supply, 

City  of  New  York,  343  West  29th  St.,  New  York  City. 

Pratt,  Carey  Simon.    City  Civ.  Engr.,  Urbana,  Ohio 

Reid,  Cecil  Latta.    Res.  Engr.,   in  Chg.  of  Constr.,  Fred- 
ericksburg Power  Co.,  P.  0.  Box  144,  Fredericksburg, 

Va 

Rhodes,   Glenn   Vernon.    Asst.   Engr.,    South    j  Jun. 

San  Joaquin  Irrig.  Dist.,  Manteca,  Cal.  |'  Assoc.  M. 
Risley',   Warner   Ibelan.     City   Engr.,    Somers    Point    and 

Ventnor  City,  648  Bartlett  Bldg.,  Atlantic  City,  N.  J. 
Robinson,    Harry.     Engr.    and    Supt.,    Atlantic    Constr.    & 

Supply  Co.,  135  St.  James  PL,  Atlantic  City,  N.  J.. 
Ross,  Robert  John.    Asst.  Engr.,   Dept.  of   Eng.  of  Hart- 
ford, 84  Whitmore  St.,  Hartford,   Conn 

Russell,  Verney  Warren.    Asst.  Engr.,  U.  S.  Reclamation 

Service,    Cody,    Wyo 

Schobinger,     George.     Asst.     Engr.,     U.     S.    j   Jun. 

Reclamation  Service,  Yuma,  Ariz ("  Assoc.  M. 

Shank,  Lyman  Chambers.     4sst.  Gen.  Mgr.  and  Chf.  Engr., 

The   International   Steel   Tie  Co.,  Hippodrome    Bldg. 

(Res.,  8219  Brookline  Ave.,  N.  E.),  Cleveland,  Ohio. 
Shaw,  Percy  Augustus.  511  Hand  Ave.,  Lancaster,  Pa.. 
Smith,  Herbert  James.     Prin.  Asst.  Engr.,  East  Haddani 

Bridge  Comm.,  East  Haddam,   Conn 

Smith,   Jonathan    Rhodes.     Ch'f.    Draftsman,    ^     . 

The    Jobson    Giflford    Co.,    30    East    42d    V  ,  ^^°^'  .^ 

I  Assoc.  M. 
St.,   New  York   City ) 


Date  of 
Membership. 

Dec.  6,   I9I0 

July  2,   1913 

May  7,  1913 

June  4,   1913 

July  2,   1913 

April  2,   1913 

May  7,   1913 

July  2,   1913 

May  7,  1913 

July  2,   1913 

June  4,   19 13 

July  2,   1913 

May  3,   1910 

May  7,   1913 

June  4,   1913 

May  7,   1913 

May  7,   1913 

July  2,   1913 

Oct.  5,   1909 

July  2,  1913 


June  4,  1913 

May  7,   1913 

June  4,   1913 

Dec.  5,   1911 

May  7,   1913 
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SovEKKiG.N.    1Iai!uy    Evan.s.      10(i(i    President    St.,    Brooklyn, 

X.     V April     2,   1913 

SrtuitY.  Loi  i.s  Nkwto.n.     Tupper  Liike,  X.  Y May       7,   1913 

Steve.nson.  Joii.N  Dickson.  Asst.  Engr..  Div.  of  Bridges. 
Bureau  of  Constr..  Dept.  of  Public  Works,  12;?1 
Monterey  St.,  X.  S.,  Pittsburgh,  Pa July       2,   1913 

Stii.son,  Jay  Alvord.     Street  Engr..  City  Engr.'s  Office.  S^^ 

Willis  Ave.,  West.  Detroit.   Mich May       7.   1913 

Sru.NE.    Geouge    Bukrill.     518    Vermont    Bldg..    Salt    Lake 

City,    Utah May       7,   1913 

SroTT.  Samuel  Edwin.     Structural  Engr.,  Swift  &  Co..  34 

Xorth   Market  St..   Boston.   Mass May       7.   1913 

STi!iN(ii  Ki.i.ow .  Harris  Mautyx.  Civ.  Engr..  Mexico  Tram- 
ways Co.  and  Me.xican  Light  &  Power  Co..  Apartado 
124   Bis,   City  of   Mexico,   Mexico Mar.      4,   1913 

SwAinz.   Fhedeuick   Peter.     Dist.   Engr..  St.  L.  &   S.  F.  R. 

K..  d3G  South  St.,  Springfield,  Mo May       7.   1913 

Symo.nds,  George  Roscoe  Blaine.     Asst.  Engr.,  Bureau  of 

Public  Works,  Manila,   Philippine   Islands Mar,      4.  1913 

Taylor,  Xelson.     624  South  Burlington   Ave.    |  Jun.  Sept.      5.  1911 

Los    Angeles.    Cal \  Assoc.  M.     July       2.   1913 

Tii.i.ocK.  Hubert  Southwick.  Asst.  Secy,  and  Treas.. 
in  Chg.  of  Highway  Dept..  The  Mo.  Val.  Bridge  & 
Iron   Co..    Leavenworth.    Kans June      4.    1913 

Vandervoort.    Benjamin    Franklin.     Alt  mar.    )  Jun.  Mar.      2,  1909 

N.     Y j   Assoc.  M.     July       2,1913 

Van  Hook.  Franklin  James.     Asst.  Engr.,  Dept.  of  Public 

Service.   304  Odd  Fellows   Temple,  Cincinnati,   Ohio.      May       7,  1913 

VON  Geldern,  Edward.     Engr.  of  Reclamation    )   _  tvt  r-    inrvo 

"^        ^  ,.   ,       f  Jun.  Mav  5,   1908 

Dist.   Xo.    777   of    Sutter   County,    \uba    v    .  ^r       t   i"  o    ini.> 

r  Assoc.  M.     Julv  2,   19  Li 

City,  Cal ) 

Waddell,     Xeedham     Everett.      Res.     Engr..    \    ^  o     j.       i     mno 

'  ,  .  /   Jun.  Sept.      1,   1908 

Waddell   &   Harrington,    1012   Ba  timore    '  ^ 


C  Assoc.  M.     May       7,   1913 


Ave.,  Kansas  City,  Mo 

Wardlaw.  James  Thompson.  In  Chg.  of  Constr.  Dept., 
Lockwood,  Greene  &  Co.,  616  Rhodes  Bldg.,  At- 
lanta,  Ga June      4,  1913 

Webb.  William  Tibbitts.  Engr.  for  (,)uartormaster,  U.  S. 
Military  Academy.  West  Point.  44  LcHoy  PL.  New- 
burgh.    X.    V May       7,   1913 

Wkir.  Walter  Wallace.  Drainage  Engr.,  Office  of  Ex- 
periment Stations,  I".  S.  Dept.  of  Agri.,  310  Federal 
Bldg.,  North  Yakima.  Wash May       7.   1913 

Weiss,   Herman   Otto.     Asst.    i:ngr.,   Atlantic    Coast    Line 

Appraisal,  Lock  Box  183.  Wilmington,  N.  C July       2,  1913 
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ASSOCIATE  MEMBERS    (Continued) 
Weli^,  Herbert  Cassidy.     Supt.  of  Rd.  Constr.,  U.  S.  Dept. 

of  Agri.,  Office  of  Public  Rds.,  Washington,  D.  C 

White,  Robert  Culin.     Asst.  Engr.,  Mo.  Pac.  R.  R.,  Room 

209,  Union  Dejjot,  Little  Rock,  Ark .„  .,, .... . 

WiiXABD,  William   Clyde.    Asst.  Engr.,  Pan-  "^ 

ama-Pacific      International      Exposition,    I    Jun. 

San  Francisco    (Res.,   .5680   Ocean   View    [Assoc 

Drive,  Oakland ) ,   Cal J 

Woods,  Habland  Clark.     Asst.   Prof,   of   Civ. 

Eng.,      Robert      Coll.,      Constantinople, 

Turkey 

Wyse,    Fbederick    Calhoun.     Engr.    and    Supt 

age  and  Water  Depts.,   Columbia,   S.  C 

Yost,  Howard  McClymonds.   Chf.  Engr.,  Dept.    \ 

of  Public  Service,  City  Hall,  Massillon,    y  . 

„,  .  .        J  >  f  Assoc.  M. 

Ohio \ 

Young,  Charles  Asa  Dilts.    U.   S.   Engr.   Office,   Seattle, 

Wash 


M. 


Jun. 
Assoc.  M. 

of    Sewer- 


Date  of 
Membership. 

Mar.      4,   1913 
June      4,   1913 

Feb.       4,  1908 
June      4,   1913 

Feb.     28,   1911 
May       7,  1913 

July      2,   1913 

June      C,   1911 
May       7,   1913 

Jan.       7,   1913 


associates 

DouTY,    Daniel    Ellis.     Gen.    Mgr.,    U.    S.    Conditioning 

&  Testing  Co.,  340  Hudson  St.,  New  York  City May       7,   1913 

Finch,  Stanley  Phister.     Instr.  in  Civ.  Eng.,     )    Jun.  Oct.    30,  1906 

Univ.   of  Texas,   Austin,   Tex ("Assoc.  May       7,   1913 

RocKWOOD,  Nathan  Chamberlain.  Asst.  Editor,  Engineer- 
ing News,  505  Pearl  St.,  New  York  City  (Res.,  255 
Marlborough  Rd.,   Brooklyn,  N.  Y) .......     July      2,   1913 

Russell,  Alexander  Allen  Mac  Vicar.   2712    ^  Jun.  May       5,  1908 

Stuart   St.,   Berkeley,   Cal j    Assoc.  Feb.       4,   1913 

juniors 

Allan,  William   Selby.     648  Cornelia  Ave.,  Chicago,   111.      June      4,   1913 

Brush,  Charles  Benjamin.     113  West  69th  St.,  New  York 

City June      4,1913 

Gebhardt,  Johan  Friedrich  Wilhelm.  Asst.  to  Economic 
Engr.,  Stone  &  Webster  Eng.  Corporation.  P.  0.  Box 
293,    Keokuk,    Iowa Feb.       4,  1913 

Gray,    Ralph    Moses.     1418    Thirteenth    St.,    Sacramento, 

Cal July       2,  1913 

Grlswold,    Harold    Wiley.     Care,    Eng.    Dept.,    Board    of 

Water  Comnirs.,  Pilgard   Bldg.,   Hartford,   Conn May       7,   1913 

Hamilton,  Peter  Davidson  Gunn.     Needham,  Mass Feb.       4,  1913 

Haswell,  John  Robert.  Drainage  Engr.,  Office  of  Experi- 
ment Stations,  U.  S.  Dept.  of  Agri.,  Box  A,  Easton, 
Md June      4,1913 

Haydock,  Chables.     922  Arcade  Bldg.,  Philadelphia,   Pa..      June      4,   1913 
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Heidel,  Charles  Sumner.  Hydrographer,  State  Engr.'s  Of- 
fice.   Helena.    ]\Iont July       2,  1913 

Hlie.  Irving  Van  Arnam.  Senior  Draftsman  and  Asst. 
Engr.,  F.  A.  Molitor,  223  East  31st  St..  New  York 
City May       7,  1913 

•  loHNSON,  Arcadius  Lars   Peter.     Asst.  Designer,   Carrere 

&  Hastings,  211  East  35th  St.,  New  York  City June      4.   1913 

Kkacii.   Freo  Roy.     With  U.  S.  Engr.  Office.  Rock   Island, 

111 July       2.1913 

l.AMU,  Sydney  Bishop.     2652  Lafayette  St.,  Denver,  Colo.     Jan.       7,  1913 

Lighten  stein,  Harry.  Asst.  Engr.,  Board  of  Water  Supply, 
City  of  New  York.  1102  Washington  Ave.,  New  York 
City May       7,  1913 

.Magor,  Stuart  Fabian.       1715  Hope  St.,  South  Pasadena, 

Cal Jan.       7,   1913 

MiCHENER,   Howard   Perry'.     451    George    St.    New   Haven, 

Conn May       7,   1913 

Monroe,  Robert  Ansley.     245  Buchanan  St..  San  Francisco, 

Cal April     2,   1913 

OsTROM,  Charles  Douglas  Yelverton.  Asst.  Insp..  Board 
of  Stat*  Harbor  Commrs.,  2949  Steiner  St.,  San 
Francisco,    Cal July      2,  1913 

Porter,    Howard    Samuel.     Chf.     Engr.,     State    Highway 

Dept..  State  Capitol,  Hartford,  Conn May       7,  1913 

Rakestraw,    Charles    Lysander.     Chf.    of    Party    No.    2, 

Div.  4,  California  Highway  Comm.,  Berkeley,  Cal...      Juno      4.   1913 

Redlien,  William   Henry.    23   Lexington   Ave.,  Richmond 

Hill,  N.  Y May       7,  1913 

Reilly,  Charles  Gilbert.  With  Pittsburgh  Rys.  Co.,  Cas- 
tle Shannon  Div.,  5th  Ave.  and  Darragh  St.,  Pitts- 
burgh,   Pa May       7.   1913 

Rose,    Alston   Orange.    Asst.    Engr.,    Hawaii    Loan    Fund 

Comm.,  Kamuela,  Hawaii    July       2,   1913 

Rose,  Joseph.     With   Gustav  Lindenthal,   Cons.   Engr.,   68 

William  St.,  New  York  City July      2,  1913 

RossiG,  Edgar  William.    69  Hauxhurst  Ave.,  Weehawken, 

N.  J May       7,  1913 

{{owe.  Donald  Hefley.     With  Waddell  &  Harrington,  380 

East  14th   St.,  North,  Portland,  Ore May       7,  1913 

Sandelands,  P'dward  Burchard.    Insp.,  U.  S.  Engr.  Dept., 

Quintana,  Tex May       7,   1913 

Truesdell,  Archie  Merle.    Brilliant,  B.  C,  Canada June      4,  1913 

Van   Etten,  Percy  Hixon.    Asst.  Res.   Engr.,   South   San 

Joaquin  Irrig.  Dist.,  Box  125,  Manteca,  Cal Feb.       4,   1913 
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Waring,   Frederick    Holm  an.    With   Metcalf   &    FAdy,    14 

Beacon  St.,  Boston,  Mass May       7,   1913 

Waekley,  John  Croswell.    777  Adams  St.,  Gary,  Ind....      Dec.       3,   1912 
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Abbot,  Frederic  Vaughan.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Army  Bldg., 

New  York  City. 
Adam,  Robert.     40  Gayton  Rd.,  Harrow,  Middlesex,  England. 
Alden,   Herbert   Clarendon.    Asst.   Engr.,   Bureau  of   Sewers,   Borough   of 

the  Bronx.  Municipal  Bldg.,  177th  St.  and  Third  Ave.,  New  York  City. 
Andersen,  Christian.   460  Tenth  St.,  Portland,  Ore. 
Armstrong,  Walter  Root.    Asst.  Gen.  Mgr.,  Salt  Lake  &  Utah  R.  R.,  Room 

704,  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 
Arnold,  William  Harry.     470  West  22d  St.,  New  York  City. 
Arthur,  Howard  Elmer.     Big  Hollow,  N.  Y. 
Asserson,   Henry   Raymond.     With    Civil    Service    Comni.,   495    Sixth    St., 

Brooklyn,   N.   Y. 
Baldwin,    Thomas    Williams.     41    Hawthorne    St.,    Cambridge.    Mass. 
Barnes,   Thomas   Howard.     Civ.   and   Municipal    Engr.,   LTnited    Fruit   Co., 

Puerto  Barrios,  Guatemala. 
Barnes,  William  Thomas.    Member  of  Firm,  Metcalf  &  Eddy,  1824  Harris 

Trust  Bldg.,  Chicago,  111. 
Beckwitii,    Frank.     Engr.-in-Chf.,    Am.    Section    of    the    Hu    Knang    Rys., 

Ichang,  China. 
Beeman,  Thomas  Rupe.     Dist.  Engr..  C,  M.  &  St.  P.  Ry.,  (517  Wliite  Bldg.. 

Seattle,  Wash. 
Binkley,  George  Holland.     Mesa,  Ariz. 
Bishop,  Hubert  Keeney.     Chf.  Engr.,  Waiahole  Water  Co.,  Ltd..  Hackfeld 

Bldg..  Honolulu,  Hawaii. 
BoGEN,   Louis   Edward.      Chf.   Elec.   Estimating   Engr.,   The   Allis-Chalmers 

Co.   (Res.,  3324  State  St.),  Milwaukee,  Wis. 
Bradley,  Daniel  Edward.     1021  Asylum  Ave.,  Hartford,  Conn. 
Breithaupt,  William  Henry.     Cons.   Engr..  243  Confederation  Life  Bldg., 

Toronto,  Ont.,  Canada. 
Brown,  Perry  Fisher.     Key  Route  Inn.  Oakland,  Cal. 
Browne,  William  Lyon.     1380  Greene  Ave.,  Westmount,  Que.,  Canada. 
Brownell,  Ernest  Henry.     Civ.  Engr.,  U.  S.  N.,  Naval  Station.  Key  West, 

Fla. 
Burrowes,   Harry   Gilbert.     Cons.   Engr..   Care,   Engineers'  Club,   32   West 

40th  St.,  New  York  City. 
Campen,   George  Linden.     Cons.   Engr..   8o8   Omaha   National   Bank   Bldg.. 

Omaha,  Nebr. 
Carr,  Walter  Frank.     Care.  Ry.  Dept..  Parrott  &  Co..  320  California  St.. 

San  Francisco.  Cal 
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Clauk,    Ernest   Alue.n.     100   North   La    Salle   St..    Room    10     Chicago.    111. 

Clement,  Frank  Hudson.  Engr.  and  Contr.,  Land  Title  Bldg..  Phila- 
delphia.  Pa.    (Res..  Hempstead,  N.  Y.) 

CotxJNS.  Roderick  Greene,  Jr.  Contr.  Engr.,  1108  Woodward  BUlg.,  Wash- 
ington, D.  C. 

COMSTOCK,  Charles  Worthington.  514  First  National  Bank  Bldg.,  Den- 
ver, Colo. 

Cornish,  Lorenzo  Dana.    15  West  108th  St.,  New  York  City. 

CuMMiNGS,  Robert  Augustus.  Cons.  Engr.,  1607  Machesney  Bldg.,  Pitts- 
burgh, Pa. 

Cunningham,  Andrew  Chase.  Civ.  Engr.,  U.  S.  N.;  Insp.  of  Public  Works, 
Navy  Yard,  Portsmouth,  N.  H. 

Curtis,  Walter  WiIxU-ey.  Pres.,  The  Curtis  Coal  Min.  Co.  and  Tlie  Rapson 
Coal  Min.  Co.,  1015  North  Nevada  Ave..  Colorado  Springs,  Colo. 

Cushman,  William  Herbert.    Box  134,  Scotia,  N.  Y. 

Davis,  Charles  Henry.    South  Yarmouth,  Mass. 

Dennis.  William  Franklin.  Cons.  Engr.;  Vice-Pres.,  Rinehart  &  Dennis 
Co..  2201  Massachusetts  Ave.,  N.  W.,  Washington,  D.  C. 

Doty,  .Tohn  Williams.  With  The  Foundation  Co.,  Ltd.,  Bank  of  Ottawa 
Bldg..  Montreal,  Que.,  Canada. 

Drury.  Edmund  Hazen.    Sherbrooke,  Que..  Canada. 

Elliott,  .  Charles  Gleason.  Cons.  Drainage  Engr.,  503  McLachlen  Bldg., 
Washington,  D.  C. 

Ellis,  George  Ezra.    302  East  43d  St.,  Kansas  City,  Mo. 

Farley,  Godfrey  Pearson.  Care,  L.  I.  R.  R.,  Jamaica  Terminal  Station, 
Room   502    (Res.,  The  Franklin,   Hardenbrook  Ave.),   Jamaica,   N.  Y. 

Felt.  Charles  Frederick  Wilson.  Chf.  Engr.,  A.,  T.  &  S.  F.  Ry.  System, 
Ry.  Exchange  Bldg.,  Chicago,  111. 

Fenkell,  George  Harrison.  Commr.  of  Public  Works  (Res.,  207  Seyburn 
Ave.),  Detroit,  Midi. 

Fisher,  Francis  Davis.   60  Wall  St.,  Room  2207,  New  York  City. 

I'l.AD.  Edward.  Cons,  and  Const.  Engr.  (Edward  Flad  &  Co.),  De  Menil 
Bldg.,  St.  Louis,  Mo. 

Goodwin,  .James  Bowman.  Supt.  of  Constr..  ^lidland  Constr.  Co..  6  Algon- 
quin Ave.,  Toronto,  Ont.,  Canada. 

(ioi  LD,  Wn.LiA.M    I'n.LoT.soN.     R.  F.  D.  No.  5.  Easton,  Pa. 

Gray,  John  Henry.    Vice-Pres.,  Roanoke  Bridge  Co.,  Inc.,  Roanoke,  Va. 

Green,  Hubert  Edward.  Chf.  Engr.,  Compania  Construetora  Richardson. 
S.  A.,  1030  I.  N.  Van  Nuys  Bldg.,  Los  Angeles,  Cal. 

<;reene,  Robert  Ma.xson.    Structural  Engr.,  Peabody,  Kans. 

(!RE(iORY.  Li.TiiKR  Elwood.  Civ.  Engr.,  U.  S.  N.,  U.  S.  Navy  Yard.  Puget 
Sound.  Bremerton,  Wasli. 

GuTMAN,  David.  Chf.  Engr.  with  Jolin  (i.  lirown.  U  itliorsixxju  P>ldg..  Phila- 
delphia, Pa. 

Haines,  Henry   Stevens.    Care,   Crivelli  &   Co.,   I.ucerne,  Switzerland. 
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Hammer,  Johannes  Mabcelius.  Care,  Frank  Kneeland  Machine  Co.,  54th 
St.  and  Allegheny  Val.  R.  R.,  Pittsburgh,  Pa. 

Hawxhurst,  Robert,  Jr.  Cons.  Engr.,  Care,  International  Bank,  60  Wall 
St.,  New  York  City. 

Hayden,  John  Bruce.    430  Texas  St.,  San  Francisco,  Cal. 

Healy,  John  Francis.  Cons.  Min.  Engr.,  Room  1201,  Union  Bldg.,  Charles- 
ton, W.  Va. 

Hill,  Curtis.    City  Engr.,  44  East  Concord  Ave.,  Kansas  City,  Mo. 

Hogue,  Chester  James.    618  Oregonian  Bldg.,  Portland,  Ore. 

HoHL,  Leonhabd  John.  Cons.  Engr.,  Room  601,  Underwood  Bldg..  San  Fran- 
cisco, Cal. 

HoLMAN,  MiNARD  Lafever.  Cons.  Eng.  (Holman  &  Laird),  1.324  Chemical 
Bldg.,  St.  Louis,  Mo. 

Hotchkiss,  Louis  Jenison.     4144  Kenmore  Ave.,  Chicago,  111. 

Houston,  Gavin  Nelson.  Irrig.  Office,  Dept.  of  The  Interior,  Calgary, 
Alberta,  Canada. 

HoxiE,  Richard  Leveridge.    Brig.-Gen.,  U.  S.  A.   [Retired),  Iowa  City,  Iowa. 

Hunt,  William  Henry.  Cons.  Engr.,  2  Rector  St.,  Room  1022,  New  York 
City. 

Janes,  Frederick  Spencer.  Care,  Abitibi  Pulp  &  Paper  Co.,  Ltd.,  Iroquois 
Falls,  Ont.,  Canada. 

Jaques,  William  Henry.  Counselling  Engr. ;  Pres.,  Hampton  Water- Works 
Co.,  Little  Boar's  Head,  N.  H. 

Kafka,  Frederick  Percival.  Pres.  and  Mgr.,  The  Fireproof  Products  Co., 
Inc.,  257  East  133d  St.,  New  York  City  (Res.,  49  W^ishington  Ave., 
New  Rochelle,  N.  Y.). 

KiBBE,  Augustus  Sayre.    Cons.  Engr.,  2385  Oregon  St.,  Berkeley,  Cal. 

Kimball,  Joseph  Harris.  Cons.  Civ.,  Hydr.,  and  San.  Engr.,  414  Louis- 
ville Trust  Bldg.,  Louisville,   Ky. 

King,  Paul  Sourin,    1012  Washington  St.,  Wilmington,  Del. 

Kluegel,  Charles  Henry.    1507  Alexander  St.,  Honolulu,  Hawaii. 

Kondo,  Sentaro.    27  Tatsuokacho,  Hongo,  Tokyo,  Japan. 

LeBaron,  John  Francis.    Cons.  Engr.,  Conomo  Point,  Essex,  Mass. 

Leighton,  Marshall  Ora.  Cons.  Engr.,  502  McLachlin  Bldg.  (Res.,  4200 
Sixteenth  St.,  N.  W.),  Washington,  D.  C. 

Leland,  W'arren  Allston.  Pres.,  Tennessee  Eastern  Elec.  Co.,  Johnson 
City,  Tenn. 

Lipsey,  Thomas  Eugene  Leard.    15  West  108th  St.,  New  York  City. 

Loree,  Leonob  Fresnel.  Pres.,  Delaware  &  Hudson  Co.;  Chairman  of 
Board  and  Executive  Committee,  Kansas  City  South.  Ry.,  32  Nassau 
St.,  New  York  City  (Res.,  Bowood,  West  Orange,  N.  J.). 

McCarthy,  George  Arnold.  219  Prince  Arthur  St.,  West,  Montreal,  Que., 
Canada. 

McKim,  James  Arthur.     (Wilcox-McKim  Co.),  Saginaw,  Mich. 
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McXn/rY.    George   AYasiiinuton.     Care,    Enprs.'    ('luh.    .'{2    West   40th    St., 

New  York  City. 
McKeynolds.  Orval  Omar.     Pies..  l?oar(l  of  Pulilii-  Utilities.  218  City  Hall 

Annex,  Los  Angeles,  Cal. 
Marshall.    Robert   Albertsen.     Structural    Engr..    Westinghouse,    Church, 

Kerr  &  Co.,  37  Wall  St..  Room  010,  New  York  City. 
Mathewsox,    Thomas    Knight.     Apartado    1830,    City    of    Mexico,    D.    F., 

Mexico. 
Means,  Tho.mas  Herbert.    Agri.  Engr.    (Symmes,  Means  &  Chandler),  419 

Holbrook  Bldg.,  San  Francisco.  Cal. 
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I'MtiiiGiN.   Frank  Snow.      Pres..  The  Am.   \\y.  Su])ply  Co..  ;?37  Juni])er   St., 

Atlanta,  Ga. 
Par.sons.  Augustus  Taber.     Care,  Universal  Oil  Co..  \^■asco.  Cal. 
Pearse,  William  Worth.     First  Vice-Pres.  and  Engr.,  Radley  Steel  Constr. 

Co..  Vernon  Ave.,  Pierce  Ave.,  and  East  River,  Long  Island  City,  N.  Y. 
Pease.  William  Elwood.     23o  West  Superior  Ave..  Cleveland,  Ohio. 
Peck.   Charles   Franklin.     Structural   and   Superv.   Engr..   Allegan.  Mich. 
Pekiung,   Henry    Garfield.     Cons.    Engr..    811    Heard    Bldg..    Jacksonville, 

Fla. 
Peterson,  Otto  Wallace.     Care.  Pacific  Gas  &  Elec.  Co.,  Drum.  Cal. 
Phei.ps.   Tracy   Tkwin.     .\sst.    Engr..   U.   S.   Reclamati<m    Service.   Glasgow, 

Mont. 
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^Pierce,  Thomas  Day.     Fairhaven,  Pa. 

Prime,  Alfred  Coxe.     Engr.,  P.  Pv.  P.,  44  South  Tallahassee  St.,  Atlantic 

City,  N.  J. 
Proctor,    Ralph    Fenno.     Chf.    Engr..    Bonding   Dept.,    Maryland    Casualty 

Co.,  Baltimore,  Md. 
Randolph,  Orrin.     Chf.  Engr.,  Palm   Beach   Farms  Co.,  Lake   Worth.   Fla. 
Reid,  Homer  Austin.     95  Grand  Ave.,  Jamaica,  N.  Y. 
Rogers,  Augustus  Webster.     8  Wellesley  St.,  Rochester,  N.  Y. 
Rogers,  Joseph  Warren.     Shokan,  N.  Y. 

Rosenthal,   Joseph   Jacob.     1800   Golden   Gate   Ave.,    San   Francisco,   Cal. 
Ruggles,  Arthur  Valentine.     W'ith  Public  Service  Comm.,  154  Nassau  St., 

New  York  City. 
Ruth,  Abraham  John.     With  Arizona  Copper  Co.,  Ltd.,  Box  241,  Morenci. 

Ariz. 
Ryan,   Michael   Healey.     Asst.   Div.    Engr.,   Public    Service   Comm.,    First 

Dist.,  105  Hudson  St.,  New  York  City. 
Sargent,  Joseph  Andrews.     Chf.  Engr.,  The  Ebro  Irrig.  &  Power  Co..  Ltd., 

Apartado  491,  Barcelona,  Spain. 
Sauerman,    Henry    Burger.     Engr.     (Sauerman    Bros.),    6451    Ellis    Ave., 

Chicago,  111. 
Sawhney,  Asa  Nand.     Engr.,  Kashmere  State,  Bhimbar,  via  Gujrat,  Pun- 
jab.  India. 
Sheley,  Horace  West.     Cons.  Engr.,  304  Dooly  Bldg.,  Salt  Lake  City,  Utah. 
Shepardson,  John  Eaton.     Peoples  Bldg.,  Charleston,  S.  C. 
Shertzer,  Tyrrell  Bradbury.     100  Hamilton  PL,  New  York  City. 
Sims,  Stuart.     Civ.  and  Hydr.  Engr..  2606  East  49th  St.,  Portland.  Ore. 
SiNNiCKSON.   George   Rosengarten.     Supt.,   Eastern   Penn.   Div..   P.    R.    R.. 

Reading,  Pa. 
Skinner,  Frederick  Gardiner.     116  West  Canfield  Ave.,  Detroit,  Mich. 
Smith,  Harold  Garfield.     167  McClelland  St.,  Salt  Lake  City,  Utah. 
Snell,  Joseph  Emmett.     247  North  6th  St.,  Newark,  N.  J. 
Snell,    Roy    Martin.     Project    Engr.,    U.    S.    Reclamation    Service,    ^lalta. 

Mont. 
Snyder,   Hunter   Imboden.     Structural    Engr.,    1317    Heard   National    Bank 

Bldg.,  Jacksonville,  Fla. 
Spielman,  John  Godfrey.    117  West  First  St.,  Long  Beach.  Cal. 
Stein,  Milton  Frederick.    6753  Lafayette  Ave.,  Chicago,  111. 
Stoney,  William  Edmund.    2  Weims  Covirt,  Charleston,  S.  C. 
Storer,  Stacy  Steward.    1952  Elm  Ave.,  Norwood,  Ohio. 
Strawn,  Thomas  Corwin.    Altmar,  N.  Y. 
SwiCKARD,  ANDRE\^^    Res.   Engr.,   Soiith   San  Joaquin   Irrig.  Dist..   Box   147, 

Maiiteca,  Cal. 
Taylor,    John.     Supt.    of    Constr.,    Ottawa    Contrs.,    Ltd.,    Hamilton,    Ont., 

Canada. 
Thomas,  \^illiam  Edward.    45  First  Ave.,  Rockaway  Park,  N.  Y. 
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TooKER,   Francis  Westervelt.    16   South  Maple  Ave.,  East  Oran<?e,  N.  J. 

TuBNER,  Franklin  Pierce.    Care,  Hotel  Ponce  de  Leon,  Poanoke,  Va. 

V'liegenthart,  Johannes  Cornelis.    82  Rotterdamsehe  weg,  Delft,  Holland. 

Walker.  Fred  Bacon.  Care,  C,  M.  &  St.  P.  Ry.,  1259  Ry.  Exchange,  Chi- 
cago, 111. 

Ware,  Norton.  With  Hanimon  Eng.  Co.,  311  California  St.,  San  Fran- 
cisco, Cal. 

Washington,  William  ue  Hertburne.  Cons.  Engr.  to  Highway  Dept., 
State  of  New  York,  39  West  32d  St.  (Res.,  207  Fifth  Ave.),  New 
York  City. 

Watanabe,  Eitaro.    Imperial  Taiwan  Rys.,  Taipeh,  Formosa,  Japan. 

Webster,  Royal  Sylvester.  Asst.  Engr.,  Havana  Central  R.  R.,  P.  0. 
Box  970,  Arsenal,  Havana,  Cuba. 

West,  Judson  Ray.  Asst.  Engr.,  Port  of  Seattle,  in  Chg.  of  Design,  843 
Central  Bldg.,  Seattle,  Wash. 

Weston,  Frederick  Sampson.  Res.  Engr.,  Jacksonville  Terminal  Co.,  Jack- 
sonville, Fla. 

Whitman,  Nathan  Davis.    1718  Harris  Trust  Bldg.,  Chicago,  111. 

Wickline,  George  Grover.  Bridge  Engr.,  Southern  Traction  Co.,  1316  Com- 
merce St.,  Dallas,  Tex. 

Willis,  Albert  .Tones.  Prof,  of  Civ.  Eng.,  South  Dakota  State  Coll.,  Brook- 
ings, S.  Dak. 

Wood,  Winthrop  Barrett.  Plant  Engr.,  Joseph  Bancroft  &  Sons  Co.,  Wil- 
mington, Del. 

Woodward,  Frank  Coy.   104  John  St.,  Utica,  N.  Y. 

Wright,  Otis  Hord.    1310  Yesler  Way,  Seattle,  Wash. 

Wright,  Thomas  Judson,  Jr.  Asst.  in  OtTiee  of  Chf.  Engr.,  Piedmont  & 
North.  Lines,  Churchland,  Va. 

Zimmerman,  Oscar  Ambrose.  Asst.  Engr.,  The  ^vlissouri  Val.  Bridge  & 
Iron  Co..  Woodland,  W.  Va. 

associate.s 

Belznek,  Theodore.  Insi).-in-Chg..  Reinforcing  of  End  Spans,  Williams- 
burgh  Bridge,  Dept.  of  Bridges,  City  of  New  '^'ork,  400  Kent  Ave., 
Brooklyn,  N.  Y.  (Res.,  Mehrhof  Mansion,  Pine  and  Cedar  Sts.,  Ridge 
field  Park,  N.  J. ) . 

Connor,  Edward  James.  Care,  Dcnivollo  H.  C.  S.  Co.,  609  West  55th  St., 
New  York  City. 

Constance,  Edward  Cartwiuc. hi.  Junior  Engr.,  U.  S.  Engr.  Ollice,  428 
Custom  House,  P.  0.  Drawer  1450,  Central  Station,  St.  Louis,  Mo. 

County,  Albert  .John.  Special  Asst.  to  Pres.,  P.  R.  K..  225  P.rond  St. 
Station,  Philadelphia,  Pa. 

Jacoby,  Henry  Sylvester.  Prof,  of  Bridge  Eng.,  Cornell  I  niv..  ()l;i  Tluns- 
ton  Ave.,  Ithaca,  N.  V.  / 

KoRNFELD,  Alfred  Ephkaim.    114  Hnst  7 1st  St.:  New  York 'Gi,ty..  ,,  ; 
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PuLLAB,  Harold  Beggs.  Eng.  Chemist  (Pullar  &  Enzeiiroth),  378  Wood- 
ward Ave..  Detroit.  Mich. 

Ryan,  LaurExXCE  Patrick.  Contr.  (Tlie  Ryan  Co.),  1239  Arthur  Ave., 
Chicago,   111. 

Snare,  Frederick.  Pres.,  Tlie  Snare  &  Triest  Co.,  Contr.  Engrs.,  Woolworth 
BIdg.,  New  York  Citv. 


Appel,  Harris  Arkush.    Care,  Tela  R.  R.,  Tela,  Honduras. 

Arakawa,  Santaro.  Care.  Komuka,  Bureau  of  Public  Work,  Government- 
General  of  Chosen,  Seoul,  Korea. 

Bailey,  Russel  Thomas.  Res.  Engr.,  Anibursen  Hydr.  Constr.  Co.,  Kent, 
Ohio. 

Baker,  Harold  Wallace.    101  West  Oth  St.,  Oswego,  N.  Y. 

Barnes,  Harry  Everett.     129  Davis  St.,  Syracuse,  N.  Y. 

Barnes,  Henry  Wilfrid.  Asst.  Engr.,  Para  Drainage  Main  Tunnel,  Care, 
J.  G.  White  &  Co.,  Ltd.,  Caixa  no  Correio  No.  30,  Para,  Brazil. 

Beebe,  John  Cleaveland.  Asst.  Engr.,  Butte  Elec.  &  Power  Co.,  Havre, 
Mont. 

Bluhm,  Herman  William.    328  Lincoln  Ave..  Richmond  Hill,  N.  Y. 

Bowman,  Ralph  McLane.  Bridge  Designer.  C.  &  0.  Ry.,  Care,  Chf.  Engr., 
Richmond,  Va. 

Breitzke,  Charles  Frederick.  Care,  Jersey  City  Water-Works,  Boonton, 
N.  J. 

Brennan,  Joseph  Lawrence.    223  West  167th  St.,  New  York  City. 

Bronson.  Howard  Franklin.    141  Seneca  St.,  Hornell,  N.  Y. 

Brooks.  John  Nixon.    100  William  St.,  New  Y'ork  City. 

Burr,  George  Lindsley.    818  Austin  St.,  Houston,  Te.x. 

Bushell,  Arthur  William.     (517  Hope  St.,  Providence,   R.  I. 

Calder,  John  Webster.    64  Wilder  Ave.,  Hoosick  Falls,  N.  Y. 

Cantwell,  Herbert  Herluin.   76  Glenwood  Ave.,  Y'onkers,  N.  Y^. 

Chase,  Clement  Edwards.  With  Modjeski  &  Angier,  607  Arrott  Bldg., 
Pittsburgh.  Pa. 

Clausnitzer.  John.    272  Third  Ave.,  New  Y'ork  City. 

CoLGAN,  Robert  Joseph.    P.  0.  Box  21,  Berwyn,  Pa. 

Crandall.  Lynn.    Box  972,  Salt  Lake  City,  Utah. 

Cutler.  Stanley  Gardner.  Care,  O.  J.  Dean  &  Co.,  Association  Bldg.,  Chi- 
cago. 111. 

Dimmler,  Charles  Louis.    626  Thirty-first  St.,  Oakland,  Cal. 

Donle,  Earl  Raymond.    138  Leinster  St.,  Saint  John,  N.  B.,  Canada. 

DuBUis,  John.  With  Pacific  Power  &  Light  Co.,  23  Ainsworth  Bldg., 
Portland,  Ore. 

DuNAN,  George  Edmund.    Box  381.    DeFuniak  Springs,  Fla. 

EsTES,  Lewis  Alden.  Res.  Engr.,  Trussed  Concrete  Steel  Co.,  Care,  Am. 
Trading  Co..  Cai.xa  Postal  1343.  Rio  de  Janeiro.  Brazil. 
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(Jill,  Hakuu)  Eaulk.    P.  0.  Box  348,  Closter,  N.  J. 

Goodrich,   Thomas   MacLenathen.    Chf.   Engr.,    Canadian    Staudanl    Con 

creto  Stool  Co.,  304  Konnedy  Bldg.,  Winnipeg,  Man.,  Canada. 
GuissiNGKK.    .loiiN    Adam.     Care,    C.    A.    liryan    &   Co.,   First   National    hank 

l?Idg.,  Houston,  Tex. 
Haskins,  Joh.n  Christopher.   Asst.  Engr..  L.  &  N.  R.  R.,  Care.  Chf.  Engr.'s 

Otlico,  L.  &   X.  R.  R.,  !)th   St.  and    Broadway,  Louisviilo.  Ky. 
Hathaway,  Clifford  Murray.    Box  89,  Jamestown,  R.  I. 
Hayes,  Harry  Riddel.   43  Cottage  PI.,  Utiea,  N.  Y. 
Helling,  Harry  Albertxjs.     Box  764,  Liberty,  N.  Y. 
liui.iiKOOK,   Arthur  Raymond.     Care,   Board   of   Water   Supply.    10.1   Broad 

way.  New  York  City. 
Hokwege.    Alvin    Arthur.     Eng.    Insp.,    State    Board    of    Harbor    Commrs.. 

2312  Stuart.  Berkeley,  Cal. 
Hi  hhakd.  Daniel.     Oficina  Construocion,  Bolivia  Ry..  Uyuni.  Bolivia. 
•Tones.  Charles  Hyland.     Res.  Engr.,  Erie  R.  R..  Narrowsburg.  N.  Y. 
Kellersberger,  Arnold  Charles.     Wharton,  Tex. 
Khachadoorian,  Harootun  Hovhannes.     Res.  Engr..  N.  T.  Ry..  St.  Elen- 

there.  Que.,  Canada. 
KiENLE.  John   Aspin.     San.  Engr..  Electro  Bleaching  C4as  Co..  2.5   Madison 

Ave.,  New  York  City. 
1,'Amoureaux,   Harold   Dane.      Care,   C.    P.   R.   R.    Survey.    Puslinch.   Out.. 

Canada. 
Lee,  Chester  Sherman.     1123  Woodycrost  Ave..  New  York  City. 
Letton,  Harry  Pike.     San.  Engr.,  U.  S.  Public  Health  Service,  1315  Clifton 

St.,  N.  W.,  Washington,  D.  C. 
Lewis,    Chester    Brooks.     Supt..    \Villiani    E.    Rust.    Conovor    BIdg..    Day- 
ton, Ohio. 
McClure.  Hltnter.     Y.  M.  C.  A.,  Richmond,  Va. 
Manzanilla  y  Carbonell,  .Tos6  Justo.     Asst.  Engr.,  T.  L.  Huston  Contr. 

Co.,   Habana   88,  Havana,  Cuba. 
Morrison,  William  Harrlson,  Jr.     288  Hawthorne  Ave..  Ludlow.  N.  Y. 
Packard.  .Tohn  Cunningham.     P.  O.  Box  747,   Wheeling.  W.  Va. 
Parsons,  Maurice  Giesy.     910  South  Madison  Ave.,  Pasadena.  Cal. 
Partridge,  -John  Frederick.     Brown's  Valley,  Cal. 
Paul,  Theodore  Lochart.     14   Pleasant  St.,  Dorchester.  Mass. 
Perrin,  Lester  William.     Care.   Chf.   Engr.'s  Office,  C.   P.   Ry.,  Montreal. 

Que.,  Canada. 
Phalan,  John  Joseph  Francis.     211  Paul  Bldg.,  Utica,  N.  Y. 
PicKFORD,    Edmund    John.      Asst.    Constr.    Engr..    Wade    &    Dorman.    Ltd.. 

V.  O.  Box  4242,  Johannesburg,  Transvaal.  South  Africa. 
Pi.i  MP.  Erich  Moore.     Care,  Missouri  State  Capitol  Comni..  .Teft'erson  City. 

Mo. 
Rasmussen,  Alvin  Christian.     Asst.  Engr.,  Insley  Mfg.  Co..  2209  Central 

Ave..  Indianapolis.  Ind. 
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Regester,   Henry    Slicer,   Jr.   Asst.    Engr.,    Sewerage   Comui..    606    Phcenix 

Bldg.,   Baltimore,  Md. 
Richards,  Arthur.     773  State  St.,  Schenectady,  N.  Y. 
Sackett,  Arthur  Johnson.     Engr.,   Mason   &  Hanger   Co.,   Van   Cortlandt 

Park,  New  York  City. 
SCHEDLER,   Carl  William,  Jr.     Care,   The   Foundation   Co..   Ltd..   Box   215, 

Ottawa,  Out.,  Canada. 
ScuDDER,  Charles  Morrison.     Care,  Knoxville  Power  Co.,  Alcoa,  Tenn. 
See,  Russell  Alva.     New  Florence,  Mo. 
Seltzer,    Hymen    Aaron.      With    Am.    Bridge    Co.,    5133    Cates    Ave.,    St. 

Louis,  Mo. 
Serra,  Julius  Herschel.     539  East  4th  St.,  Brooklyn,  N.  Y. 
Shaw,  Walter  Farnsby.     Care,  Dept.  of  State  Engr.  and  Surv.,  Barneveld, 

N.  Y. 
Shea,  Ciielius  Hazel.     Care,  Morgan  Eng.  Co.,  City  National  Bank  Bldg., 

Dayton,  Ohio. 
Shields,  James  Ralph.     Asst.  in  Testing  Laboratory,  Univ.  of  California, 

1830  Francisco  St.,  Berkeley,  Cal. 
Smith,  Robert  Hall,  Jr.     Asst.  Roadmaster,  N.  &  W.  Ry.,  Pulaski.  Va. 
Smith,  Roy  Elmeb.     954  North  Main  St.,  Pocatello,  Idaho. 
Smith,    Shaleb    GIordon.      Care,    Rockford    Gas    Light    &    Coke    Co.,    Gas 

Works,  Avon  St.,  Rockford,  111. 
Snyder,  Hubert  Eabl.     Engr.  of  Constr.,  Logan  Min.  Co.,  Logan,  W.  Va. 
Soo-Hoo,  Peter.     Asst.  Engr.,  Kwong  Yueh-Han  Ry.,  in  Chg.,   Section  No. 

16,  Care,  Yueh-Han  Ry.,  Canton,  China. 
Starr,  William  H.     Care,  "Under  the  Maples",  Pottersville,  N.  Y. 
Stearns,  Fred  LeRoy.     173  Hicks  St.,  Brooklyn,  N.  Y. 
Stieve,  William  Matthew.     41  Phelps  St.,  Lyons,  N.  Y. 
Stobey,   Frank   Burns.     Junior   Engr..  U.   S.   Geological   Survey,   406   Fed- 
eral Bldg.,  Tacoma,  Wash. 
Strain,  Benjamin.     Wallaceton,  Va. 

Stbandberg,  George  Robert.     1736  West  63d  St.,  Seattle.  Wash. 
Tatum,  Robert  Lee.     U.  S.  Junior  Engr.,  Lock  and  Dam  No.  3,  Riverton, 

La. 
Thackwell,  Henry  Lawrence.     Asst.  Engr.,  The   Gray  Donald   Gen.   Eng. 

Co.,  Ltd.,  409  Belmont  House,  Victoria,  B.  C,  Canada. 
Thompson,  James  Arthur.     Transitman.   I.  R.  T.  Co.,  50  Park  PI.,  New 

York  City. 
Timberlake,  Seth  Martin.     74  First  PL,  Brooklyn,  N.  Y. 
Tufts,   William.     Care,    Walsh's    Holyoke    Steam    Boiler   Works,    Holyoke. 

Mass. 
Tyler,  Richard  Gaines.     Care,  City  Engr.'s  Office,  Austin,  Tex. 
Vanneman,  Arthur  Vosbury.     Care,  Tyrone  Gas  &  Water  Co.,  Tyrone,  Pa. 
Veatch,  Nathan  Thomas,  Jr.     Care,  Worley  &  Black,  301  Reliance  Bldg., 

Kansas  City,  Mo. 
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Wachtel,  hoi  i.s.     Asst.  Engr.,  State  Highway  Conun.,  Wliite  Lake  Corners, 

N.  Y. 
WiNTON,    \\altei{    Feuuell.      Lieut.,    First    U.    S.    Field    Artillery,    Camp 

Stottienburg,  Panii)aiiga,  Diilippine  Islands. 
Zabriskie,  Aaron  J.     116  Nassau  St.,  New  York  City    (Res.,   245   Wliiton 

St.,  Jersey  City,  N.  J.). 


RESIGNATION 

J  U  N lOK 


Dale  of 
Resignation. 
Maynard.    IIe.nky    \Varner May       7,  1913 


DEATHS 

BoGART,   Samuel  Stockton.     Elected  Associate.  April   7th,   188G;   died  May 

29th,  1913. 
BoNZANO,   Adolpiius.     Elected   Member,   August   7th,    1872;    died  May   5th, 

1913. 
Cooper,    Samuel  Lispenaru.      Elected   Member,    February    lith,    1881);    died 

May  8th,  1913. 
Daxforth.  Frederic.     Elegted  Member.  September  2d,  1891 ;  died  .June  6tli, 

1913. 
Francis,    George   Blinn.     Elected   Junior.    September   otli,    1883;    Member, 

November  7th,  1888;   died  June  9th,   1913. 
Harris,  Henry  Alexander.     Elected  Junior,  October  31st,  1899;   Associate 

Member,  June  7th,  1905;  died  January  9th,  1913. 
Haigh,  James  Charles.     Elected  Member,   February  2d,    1909;    died  .July 

6th,  1913. 
Herrick,  Horace  Theophilus.     Elected  Member,  October  29th.   1912;    died 

May  26th,  1913. 
Janvrin,    Ned    Herbert.     Elected    Junior,    October    5tli.     1897;     Associate 

Member,  June  5th,   1901;   Member,  April   4th,    1911:    died   July   17th, 

1913. 
MoSMAN,  Alonzo  Tyler.     Elected  Member,  July   1st,    1885;   died  .June  9th, 

1913. 
Radenhurst,  William  Napier.     Elected  Junior,  July   7tli.    1875;   Member, 

July  7th,  1880;  date  of  death  unknown. 
Raymond,  Charles  Walker.     Elected  Member.  June   1st,   1892:    died  May 

3d,  1913. 
Sayles,  Robert  Wilson.     Elected  Associate  Member,  April  5th.  1905:  Mem- 
ber, May  5th,  1908;  date  of  death  unknown. 
Tisdale,  Charles  Harry.     Elected  Associate  Member,   October  31st,   1911; 

died  April  30th,  1913. 

Total  Membership  of  the  Society,  August  7th,  1913, 
7  074. 
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MONTHLY    LIST   OF    RECENT   ENGINEERING    ARTICLES    OF 

INTEREST 

(May  5th  to  July  30th,  1913) 

Note. — This  list  is  published  for  the  -purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which,  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  suhjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list : 
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Journal,  Assoc.  Eng.  Soc,  Boston, 
Mass.,   30c. 

Proceedings,  Engrs.  Club  of  Pbila., 
Philadelphia,    Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,   111.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,    Que.,    Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheits  Jngenicnr.  Miinehen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken.   N.   J..   50c. 

Enaineering  Magazine,  New  York 
City,    25c. 

Cassier's  Magazine,  New  York  City, 
25c. 

Engineering  (London),  W.  H. 
Wiley,   New   York   City,    25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,    35c. 

Engineering  News,  New  York  City, 
15c. 

Ennineerinq  Record,  New  York 
City,    10c. 

Railway  Age  Gazette,  New  York 
City,   15c. 

Engineering  and  Mining  Journal, 
New  York  City,   15c. 

Electric  Railway  Journal,  New 
York   City,    10c. 

Railwaii  and  Engineering  Review, 
Chicago,    111.,    l'5c. 

Scientific  Atnerican  Supplement. 
New  York  City,   10c. 

Iron   Age,   New    York   City,    20c. 

Railway  Engineer,  London,  Eng- 
land,'   Is.    2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don,   England,    6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York   City,   10c. 

Railway  Age  Gazette,  Mechanical 
Edition,   New  York  City,   20c. 

Electrical  Review,  London,  Eng- 
land.  4d. 

Electrical  World,  New  York  City, 
10c. 


(28)  Journal,       New       England       Water- 

Works  Assoc,    Boston,   Mass.,   $1. 

(29)  Jourjial,     Royal     Society     of     Arts, 

London,    England,   6d. 

(30)  Annates     des     Travaux    Publics     de 

hclgiquc.  Brussels,  Belgium,  4  fr. 

(31)  Annates   de  I'Assoc.   des   Ing.    Sortis 

des     Ecoles     Speciales     de     Gand, 
Brussels,   Belgium.  4   fr. 

(32)  Memoires     et     Compte     Rendu     des 

Ti-avaux,      Soc.       Ing.       Civ.      de 
France,    Paris,    France. 

(33)  Le  Genie  Civil,  Paris,   France,   1  fr. 

(34)  Portefeuille    Economiques    des    Ma- 

chines,   Paris,    Prance. 

(35)  Nouvelles   Annales   de    la   Construc- 

tion, Paris,  France. 

(36)  Cornell  Cii^il  Engineer.  Ithaca.  N.  Y. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revtie     Generale     des     Chemins     de 

Per     et     des     Traniicays,     Paris, 
France. 

(39)  Tcchnisches    Genicindcblatt,    Berlin 

Germany,   0,    70m. 

(40)  Zentralhlatt      der      Bauverwaltung , 

Berlin,  Germany,  60  pfg. 

(41)  Elektrotcchnische    Zcitschrift,    Ber- 

lin,  Germany. 

(42)  Procccdinas,  Am.  Inst.  Elec.  Engrs., 

New   York  City.  $1. 

(43)  Annates    des    Ponts     et     Chaussces, 

Paris,  France. 

(44)  Journal,    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,   50c. 

(45)  Colliery  Engineer,  Scranton,  Pa..  25c. 

(46)  Scientific  American,  New  York  City, 

15c. 

(47)  Mechanical     Enaineer,     Manchester, 

England,   3d.  ^ 

(48)  Zcitschrift,     Verein     Deutscher     In- 

genieure,      Berlin,      Germany,      1. 
60m. 

(49)  Zcitschrift     fiir    Bauwesen,     Berlin, 

Germany. 

(50)  Stahl    und    Eisen,    Diisseldorf,    Ger- 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie-Zeitung.     Riga, 

Russia.    25    kop. 

(53)  Zcitschrift,      Oesterreichischer      In- 

genieur   und    Architekten    Verein, 
Vienna,  Austria,  70h 

(54)  Transactions,   Am.    Soc.    C.   E.,    New 

York  City,  $12. 
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(55)  Transnclions,   Am.  Soc.   M.   E.,   New 

York  City.  $10. 

(56)  Ti-ansartions.       Am.        Inst.        Miu. 

Engrs.,    New    York    City,    $6. 

(57)  CoUicri/     Guardian.     London,     Eng- 

iand.    5d. 

(58)  Proceed  ill  OS,    Engr.s.'    Soc.    W.    Pa., 

803      Fulton      Bidg.,      Pittsburgh, 
Pa.,    50c. 

(59)  Procccdintjs.        American        Water- 


Works  Assoc,   Troy,  N.  Y. 


Indian- 


Railway 
Chicago, 


(60)  ^funu■ipa^        Engineering, 

apolis,    Ind.,   25c. 

(61)  Proceedinqs,         Western 

Club,   225   Dearborn  St 
111.,    25c. 

(61)    Industrial     World.     59     Ninth     St., 
Pittsburgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.   C.   E., 

London,    England. 

(64)  Power,    New    York    City,    5c. 

(65)  Official      Proceedings.      New      York 

Railroad    Club,    IJrooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England.  6d. 

(67)  Cement      and      Engineering      Neios, 

Chicago,    111.,   25c. 

(68)  Minino    Journal.    London,    England, 

6d. " 

(69)  Der  Eisenbau,   Leipzig,   Germany. 

(71)  Journal,   Iron  and   Steel   Inst.,   Lon- 

don,   England. 
(71a)    Carnegie       Scholarship       Memoirs. 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist,      New      York 

City,  15c. 

(73)  Electi-ician,   London,    England,    18c. 

(74)  Tran.iactions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings.   Inst,    of   Mech.    Engrs., 

London,    England. 

(76)  Brick.  Chicago,  III.,   10c. 

(77)  Journal,     Inst.     Elec.    Engrs.,     Lon- 

don,   England,    5s. 

(78)  Beton    und    Eisen,    Vienna,    Austria. 

1,  50m. 

(79)  Forscherarbeiten,  Vienna,   Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieuricesen,     Wiesbaden,     Ger- 
many. 

(82)  Minino     and     Enqineerino      World. 

Chicago,   III.,  l()c. 


83)  Gas  Age,  New  York  City,  15c. 

84)  Le   Cimcnt,   Paris,   France. 

85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

86)  Enoineering-Contractino.       Chicago, 

111.,    10c. 

87)  Railway    Engineering    and    Mainte- 

nance of  Way,  Chicago,  111.,  10c. 

88)  Bulletin    of    the    International    Ry. 

Congress     Assoc,     Brussels,     Bel- 
gium. 

89)  Proceedinos,    Am.    Soc.    for    Testing 

Materia'ls,   Philadelphia,  Pa..  $5. 

90)  Transactions,        Inst.        of        Naval 

Archts.,   London,    England. 

91)  Transactions,     Soc.     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

92)  Bulletin,        Soc.        d'Encouragement 

pour  I'lndustrie  Nationale,  Paris, 
France. 

93)  Revue       de       Metallurgie,        Paris, 

France,    4    fr.    50. 

94)  The  Boiler  Maker,   New  York   City, 

10c 

95)  International     Marine     Engineering, 

New  York   City,   20c 

96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    10c. 

98)  Journal,    Engrs.    Soc.    Pa.,    Harris- 

burg,  Pa..   30c. 

99)  Proceedings,   Am.   Soc.   of  Municipal 

Improvements,     New    York    City, 
$2. 

100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C.    50c. 

101)  Metal  Worker.  New  York  City,  10c. 

102)  Organ     fiir     die     Fortschritte     des 

f<:iscnhahnwcsens.  Wiesbaden, 

Germany. 

103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,   10c. 

104)  The    Surveyor    and    Municipal    and 

County    Engineer,    London,    Eng- 
land, 6d. 

105)  Metallurgical     and     Chemical    En- 

gineering, New  York  City,  25c 

106)  Transactions,   Inst,   of   Min.   Engrs., 

London,  England,  6s. 
\01 )  Schiocizerische  Bauseitung.  Zurich, 

Switzerland. 
108)  Southern   Machinery.   Atlanta,    Ga., 

10c. 


LIST  OF  ARTICLES 
Bridges. 

Points  in  the  Design  of  Arches  in  Ferro-Concrete.*  R.  N.  Stroyer,  M.  Copen- 
hagen Inst,  of  Engrs.      (II)      Apr.  25. 

Why  Some  Bridges  Fail.*      (60)      May. 

Design  of  an  Arch  System  by  the  Method  of  the  Ellipse  of  Elasticity.*  A.  C.  Janni. 
(41)       May. 

A  Comparative  Study  of  Limiting  Span.  Maximum  Span,  and  Economic  Span  for 
Suspension  Bridges  and  Cantilever  Bridges.*  D.  B.  Steinman.  (Paper  read 
before  the  Congress  of  Eng.  and  Scientific  Societies.)  (86)  May  7:  (14) 
May  17. 

Tests  of  Grouting  Gravel  in  River  Beds.     H.  H.  Cartwright.      (13)      May  8. 

Erecting  the  St.  Lawrence  River  Bridge.*      (IS)      May  9. 

Ferro-Concrete  Bridge  Over  the  River  Lagan.*      (12)      May  9. 

Erecting  the  Boucanne  River  Viaduct.      (14)      May  10. 

*Illustrated. 


August,  1"J13.1  CL'HREXT  EXGIXEERINO   LITEILVTURE  507 

Bridges    (Continued). 

Now    Tvpc    of    Kail    Joint    for    Bascule   and    Vertical    Lift    liridges.*       (18)    May    10; 

(SO)    May   2S. 
The  City  Waterway  Bridge,  Taconia,  Washington.*      (13)      May  15. 
Girder  Bridges  in  India.      (23)      May  Kj. 
Reinforied  Concrete  Bridge  at  Home.*      (12)      May  16. 
Atherton    Avenue   Highway    Bridge,    Pittsburgh.*       (14)      May    17. 
Replacing  Sumner  Street   Bridge,  Toledo.*      (14)      May  17. 
Test-Loading    Until    Breaking    Point    of    a    100-Foot    Arch    Bridge.*      V.    .1.    Elmont. 

(96)      .May   22. 
Some   Construction   Features    of   the   Substructure  of   the    Cumberland    River    Bridge, 

L.  &  N.  Ry.*     Howard  M.  Jones.      (13)      May  22. 
Replacing  Lower  Chord  of  a  Drawspan  While  in  Service.*      (14)      May  24. 
Colorado    Street    Bridge    Over    Arroyo    Seco,    Concrete    Arch    Structure    with    Curved 

Alignment  at   Pasadena.  Cal.*      E.   E.  Howard.      (14)    May   24:    (13)    July  24. 
Method    of    Fteplacing   a    Five-Span    Through    Truss    Bridge    with    Declc    Plate   Girder 

Spans.  Chicago  it-  Alton  Railway.*      (86)      May  28. 
The  Yardlev   Bridge  Across  the  Delaware  River,  Philadelphia  &  Reading  Ry.*      (13) 

May   29. 
The  Layout  of  a  Small  River  Crossing.*     C.  D.  Norton.      (96)      May  29. 
Moving  the  Union  Pacific  Kaw  River  Bridge.*      (14)      May  31. 
The    Largest    Reinforced    Concrete    Bridge    in    America  :    A    Viaduct    with    a    Clear 

Span  of  Over  300  Feet.*     Franlc  C.  Perlcins.      (19)      May  31. 
Concrete  Bridge   for  a   Rural  Community.*      (14)      May   31. 
Reinforced  Concrete  Piles  on  the  Chicago,   Rock  Island  and  Pacific  Railway.*      (14) 

May   31. 
A    Small    Bascule    Highway    Draw    Span.*      L.    E.    Moore.       (Paper    read    before    the 

Boston  Soc.  of  Civ.  Engrs.)      (1)      June. 
Overhead  Highway  Arch  of  Artistic  Design.*     A.  M.  Wolf.      (87)      June. 
Traversing    Bridges.      Henry    Grattan    Tyrrell.       (86)       June    4. 
Concrete   Culverts.*      F.  H.  McKechnie.      (96)      Serial  beginning  June  5. 
Direct-Lift  Drawbridges  Without  Cables.*      (13)    June  5. 
A  Vertical-Lift  Drawbridge  Without  Cables.*      (13)      June  5. 
St.  Lawrence  Bridge  Company's  New  Shop.*      (14)      June  7. 
General  Method  for  Drawing  Influence  Lines  for  Stress  in  Simple  Trusses.*     Malverd 

A.   Howe.      (13)      June  12. 
A  Wooden  Trestle  Bridge  Carried  on  Timber  Beams.*      (13)      June  12. 
Waterman    Avenue    Culvert.    Over    River    des    Peres,    St.    Louis,    Mo.*       Charles    W. 

Martin.      (13)      June   12. 
Erecting  a  Plate-CJirdcr  Bridge  with  a  Gantry  Traveler.*      (14)      June  14. 
Renewing  Two  Swing  Spans  Under  Traffic*      (15)      June  20. 
Some  of  the  More  Recent  Municipal  Works  of  Rochdale.*      S.  S.  Piatt.      (Paper  read 

before  the  Institution  of  Min.  and  County  Engrs.)      (104)      June  20. 
Plate  Girder  Bridges  in   Railway  Construction.*      C.   H.  Marrs.      (96)      Serial  begin- 
ning  June   26. 
Foundation  Work  on  the  Pitt  River  Bridge.*      (14)    June  28;    (96)    June  19. 
Bush  and  Gunpowder  River  Bridges.*      (87)      July. 

A  Plate  Girder  Railroad  Bridge  Protected  with  Concrete.*      (67)      July. 
Lift  Bridges  of  Milwaukee.*      Henry  G.  Tyrrell.      (60)      July. 
A   Comparison   of   the  Different   Types   of  Wearing   Surfaces   Used   for   the   Roadways 

of    Bridges.      Henry    B.    Drowne.       (Paper    read    before    the    Third    Inter.    Road 

Congress.)       (86)       July    9. 
Skeleton    Abutment    of    Reinforced    Concrete    for    a    Street    Bridge    at    South    Lorain, 

Ohio.*      T.   L.   Gibson.      (86)      July  9. 
A    Four-Span    Reinforced    Concrete    Deck    Plate    Girder    Bridge,    Typifying    Illinois 

Highway  Commission  Practice.*      (86)      July  9. 
Emergency  Bridge  Reconstruction:   Baltimore  &  Ohio  R.  R.*      (13)      July  10. 
Sydney   Harbour   Bridge.*       (104)       July    11. 
Novel   Bridge   Repair  Job.*      Edward   Stingel.      (14)      July    12. 
A  Double-Deck  Bascule  Bridge.*      (13)      July  17. 
New  Highway  Bridge  at  Lytton.  B.  C*      (96)      July  17. 
Bridges.    Viaducts   and    Embankment   Work   of  the  New   York    Connecting    Railroad.* 

(14)      July   19. 
Reinforcing  the  Manistee  River  Viaduct.      (14)      July  19. 
A    Low-Cost    Drawbridge.*      (14)      July   19. 

Washington  Street  Bridge  in  Norwalk,  Connecticut.*      (14)      July  26. 
Pont  St.-George.s  sur  la  Lys  a  Gand.*     L.   Bonnet.      (31)      Pt.  1,  1913. 
Les  Grands  Fonts  Mobiles.*      D.   Bouckaert.      (31)      Pt.   1,   1913. 
La  Ligne  de  Mlramas  k  I'Estaque;   Le  Viaduc  de  Caronte.*      Canat.      (43)      May. 
Sur  la  Stabilite   des   Systdmes   Elastiques  :   .Vpplication   d'une   Nouvelle   Methode  k   la 

Recherche     de     la     Stabilite     de     certaines     Parties     Constitutives     des     Fonts.* 

S.  Timochenko.      (43)      May. 
Note    sur    les    Travaux    de    Reconstruction    du    Pont    Charles-Albert.*      Houel.      (43) 

May. 
Pont  Suspendu   Fixe  Systfime  Gisclard   sur  la  Luzgge    (CorrSze).*      G.   Lcinekugel   Le 

Cocq.      (33)      Serial  beginning  May  31. 
Note  sur  un  Nouveau  Type  de  Pont  en  Magonnerie.*     Moreau.      (35)      July. 
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Bridges— (Continued). 

1  le  recti  nil  iiK    di-s    ZweigelenkboRens    und    des    gelenklosen    Bogeiis    aut    Zeii^hnerischem 

Wege  untor  Verwendung  des  Castiglianosohen  Satzes  fiir  beliebige  Belastungen.* 

Hans  Barkhausen.      (81)      Serial  beginning  Pt.  3. 
Der     Ersatz     des     Eisernen     Uberbaues     der     Obern     Limmatbriicke     bei     Wettingen 

(Schweiz).*      E.  Zingg.      (69)      Apr. 
La      Uoche-Bernard-Strassenbrucke      iiber      die      Vilaine      (Prankreich)  .*        Theodor 

Gestesebi.      (69)      Apr. 
Hisiiiarckbriicke  in  Saarbriicken.*      (80)      Serial  beginning  Apr.   19. 
I>ie  Statisohe  Berechnung  der  Briicken  in  Gleiskrunimungen.*      Siegmund  Schwatzer. 

(69)      Mav. 
Zuni    Streit   urn   das   geistige   Bigentum   an   dem    preisgekronten   Entwurf   im    zweiten 

engeren   Wettbewerb  um  eine  Khein-Strassenbriicke  in  Koln.*      Mehrtens.      (51) 

Serial   beginning  May   3. 
Zur    Begrenzung    der    Zugspannungen    des    Betons    in    Eisenbahnbriicken    aus    Eisen- 

beton.*      I.  A.  Petry.      (78)      May  7. 
Die  Auswechslung  von  Bruckentragwerken  ohne  Verwendung  von  Gerusten.*      Robert 

Schonhijfer.      (53)      Mav  9. 
Zur    Begrenzung    der    Zug.^pannungen    des    Betons    in    Eisenbahnbrucken    aus    Eisen- 

beton.*      E.  Probst.      (40)      May  17. 
Ueber    den    Spannungszustand    im    Eisenbetonbalken     infolge    Beanspruchung    durch 

eine  Querkraft.*     .1.  Lahrs.      (78)      May  28. 
Ueber     Briickenauswcohslungen     mit     Besonderer     Beriicksichtigung     Schweizerischer 

Verhaltnisse.     Adolf  Buhler.      (69)      Serial  beginning  June. 
Der    Zweite   Engere   Wettbewerb    uin    den    Bau    einer    Rbeinstrassenbrucke    in    Koln.* 

Georg  Chr.   Mehrtens   und   Fricdrieh    Bleicli.      (69)      Serial  beginning  June. 
Brueke   iiber   die   Lahn   bei    Graveneck.*      D.    Schluckebier.      (78)      June   12. 
Strassenbriicke  in    Siegcn    (Westf.)*      H.    J.    Kraus.      (78)       July   1. 
Zum    Bau    der   Walehebriicke    in    Ziirich.*      Fritz    Locher.       (107)       July    5. 

Electrical. 

A    Single-Phase    Motor    with    Pole-Changing    Windings.*       J.    S.    Nicholson    and    B. 

Parker    Haigh.      (77)      Apr. 
The    Aims    and    Work    of    the    International    Electrotechnical    Commission.      bilvanus 

P.    Thompson.    (77)      Apr. 
The   Design    of   Apparatus   for   Improving   the    Power   Factor   of   Alternating   Current 

Svstems.*      Miles    Walker.       (77)       Apr. 
The  Use  of  a   Large  Lighting   Battery    in   Connection   with    Central   Station   Supply.* 

F.   H.   Whysall.      (77)      Apr. 
Electrical    Precipitation    of    Suspended    Particles.      Linn    Bradley.      (58)      Apr. 
The    Change    of    Energy    Loss    with    Speed    in    Continuous-Current    Machines.*       W. 

M.  Thornton.      (77)      Apr. 
The     Desirability     of     Revising     the     Rating     and     Methods     of     Testing     Electrical 

Apparatus.     Benjamin  G.  Lanime.      (4)      Apr. 
Half-Frosted    Incandescent    Lamps.*       A.    J.    Makower    and    V.    A.    Oschwald.       (73) 

Apr.    25. 
Some    Factors    in    the    Parallel    Operation    of    Alternators.*       A.    R.    Everest.      (77) 

May. 
The    Fourth    Kelvin    Lecture,    the    Ohm.    the    Ampere    and    the    Volt:    A    Memory    of 

Fiftv  Years.   1802-1912.*      R.   T.  Glazebrook.      (77)      May. 
Recent    Developments    in    the    Street    Lighting    of    Manchester.*      S.    L.    Pearce    and 

H.    A.    Ratcliffe       (77)       May. 
Some     Problems    in     Traction     Development    Tramway    Feeding    Networks.*       J.     G. 

Ciinliffe   and    R.    G.    Cunliffe.       (77)       May. 
The    •Knight"    Public    Fire-Alarm    System.       E.    E.    Moore.       (77)       May. 
The    Nature    of    Dielectric    Fatigue.*      W.    Holttum.       (77)       May. 
Mining  Loads  for  Central  Stations.*     Wilfred  Sykes  and  Graham  Bright.      (42)      May. 
Experiments    with    Furnace    Electrodes.       F.    A.    J.    FitzGerald    and    A.    T.    Hinckley. 

'Paper   read  before  the   Am.    Electrochemical    Soc.)       (105)      May. 
Automatic    Substations.*       H.     R.    Summcrhayes.       (42)       June. 
The   Industrial   Use   of   Synchronous   Motors   by   Central    Stations.*      John   C.    Parker. 

(42)       May. 
Gas  and   Oil   Engines  for  Electric   Supply  Stations.      A.  N.    Rye.      (26)      May   2. 
Resistance   Coils   for   Alternating   Current   Work.      H.   L.    Curtis    and    F.    W.    Grover. 

(Abstract   from   Bulletin.  U.   S.    Bureau  of   Standards.)      (73)      May   2. 
Automatic  Voltage  Regulation.     W.  J.  Belsey.      (Paper  read  before  the  Assoc,  of  Min. 

Elec.    Engrs.)       (22)      May   2. 
The    Vickers    Single-Battery    Train-Lighting    System.*      (23)      May    9. 
The     Uses     of     Artificial     Insulating     Materials     in     the     Construction     of     Electrical 

Apparatus.       H.     Passavant.        (Abstract    of     paper     read     before     the     Blectro- 

technische  Verein.)       (73)      May  9. 
Mockfjard   Hydroelectric   Development,    20  000   Horsepower   Plant    in    Sweden.*      (14) 

May   10. 
Subterranean    Swedish    Generating    Plant.*       (27)       May    10, 
Developments   of   a    New    Quartz-Tube    Mercury    Arc    Lamp.*      E.    Weintraub.       (27) 

May  10. 

'   •Illustrated. 
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McCalls  Ferry   Hvdro-Electric  Plant.*      Charles  H.   Bromley.      (64)      May   13. 

Power  Supply  on  the  Rand.*      A.  E.  Hadley.  M.  I.  E.  E.      (96)    May  15;    (77)   June. 

The   Hysteresis    Loop    and    Index.*      W.    M.    Thornton.       (73)      May    16. 

The  Goldschmidt  High-Power  Wireless  Station  at  Hanover.*      (73)      May   16. 

Prices  Charged  for  Electric  Power.     S.  Simpson.      (73)      May  16. 

Standardization     Rules     for    Electrical     Machinery.       (Report    of    British    Elec.    and 

Allied   Manufacturers'  Assoc.)       (73)    May   16;    (26)    May  30;    (47)    May  23. 
The  Electrical  Industry  in  France.*     Georges  Dary.      (26)      Serial  beginning  May  16. 
The   Itetulander  Automatic  Telephone  System.*      (26)      May  16. 
New     Works     of     the     Cie.     Parisienne     de     Distribution     d'Electricite.*       From     La 

Technique   Modenie.)       (26)      May   16. 
Hydroelectric  Plant  for  Sawmill  Use  at  Hartland,  Vt.*     M.  A.  Hicks.      (27)      May  17. 
Municipal   Power  Plant  of  Eugene,  Ore.*      (27)      May  17. 
The  Hvdro-Electric   Development  of  the  Braden   Copper  Co.*      C.   G.    Newton.      (13) 

May  22. 
Automatic   Device  for  Rating  Current  Meters.*      George  L.   Stroebe.      (13)      May   22. 
On   the   Use  of  Transformers  with   Mesh-Connected   Secondaries   for   Earthing   Three- 

Phase  Systems.*      G.   W.   O.   Howe.      (73)      May  23. 
Hvdro-Electric    Plant   at   Worcester.*       (11)      May   23. 

Electrical   Equipment  of  Industrial   Plants.*      Harry   C.   Spillman.      (27)      May  24. 
The  Theoretical   Basis  of  the  Multiple-Rate  System.*      Hugo   E.   Eisenmenger.      (27) 

Mav  24. 
High-Frequency    Generator    for    Wireless    Telegraphy    and    Telephony.*       E.    F.    W. 

Alexanderson.      (19)      May    24. 
An  Essex  Asylum   Installation.*      (26)      May  30. 
Rays    of    Positive    Electricity.*       J.    J.    Thompson.       (Paper    read    before    the    Royal 

Soc.)       (11)      May   30. 
Slinging   and    Handling    Material.*       (With    Electric    Cranes.)       John    Riddell.       (Ab- 
stract from  General  Electric  Revieic.)      (16)   May  31;    (47)   Apr.  25. 
Electric   Service   in    Chicago.*    (27)    May   31;    (27)    June   7. 
Unified  Public  Utilities  in   Central   Illinois.*      (27)      May   31. 
The  World's  Largest  Water-Power  Plant  at  Keokuk.*      (27)      May  31. 
Receiving  Substation   at  St.  Louis.*      (27)      May  31. 

Electricity   Direct   from   Coal.*      Emil   Baur.      (From   P7-omef?ieMS.)       (19)      May   31. 
The  Commercial  Aspect  of  Electric  Cooking  and  Heating.*     T.  P.  Wilmshurst.    (77) 

June. 
Economies   in   the  Use  of  Electric   Power.*      W.   E.   Milns.      (77)      June. 
The    Formation    of    Deposits    in    Oil-Cooled    Transformers.       A.     C.     Michie.      (77) 

June. 
Some    Recent   Improvements    in    Continuous-Current   Meters.*      W.    E.    Cooke.      (77) 

June. 
Air-Cooled    Jacketing    in    Hollow    Walls    by    Electric    Fans.      J.    W.    Meares.       (77) 

June. 
Self-Synchronizing    Machines.*      E.    Rosenberg.       (77)       June. 
Seattle,  Wash.,  Municipal  Light  and  Power  Plant.*     J.  D.  Ro.ss.      (60)      June. 
The    Behavior    of    Synchronous    Motors    During    Starting.*       F.    D.    Newbury.      (42) 

June. 
Test  of  an  Artificial  Aerial  Telephone  Line  at  a  Frequency  of  750  Cycles  per  Second. 

A.   E.  Kennelly  and  F.  W.  Lieberknecht.      (42)      June. 
The   Positive  and  the   Negative  Corona  and   Electrical   Precipitation.     W.   W.   Strong. 

(42)      June. 
The   Electric   Strength  of  Air.*     J.    B.   Whitehead  and  T.    T.   Fitch.      (42)      June. 
Law  of   Corona   and   Dielectric   Strength   of   Air.*     F.   W.    Peek,   Jr.     (42)      June. 
Constant  Voltage  Transmission.*      H.   B.   Dwight.      (42)      June. 
Theory  of  the  Non-Elastic  and   Elastic   Catenary   as  Applied   to  Transmission   Lines. 

C.   A.    Pierce,   F.   J.   Adams   and   G.    I.   Gilchrest.      (42)      June. 
Automatic  Methods  in  Long  Distance  Telephone  Operation.     H.  M.  Friendly  and  A.  E. 

Burns.      (42)      June. 
An  Oscillograph  Study  of  Corona.*     Edward   Bennett.      (42)      June. 
The    Production    and    Distribution    of    Energy.*     Samuel    Insull.      (3)      June. 
Pasadena    Municipal    Lighting    Plant.      (60)      June. 

Wireless  Telephone  for  Pit  Use.*     O.  Dobbelstein.      (From  GluckaufJ      (22)      June  6. 
A  Theory  of  the  Glow  Discharge  from   Wires.    J.    S.  Townsend.      (73)      June  6. 
Condenser   Telephones.*       Karl    Ort    and    Josef   Rieger.       (Abstract    from    Archiv    fiir 

Elektrotechnik.)      (73)      June  6. 
Hydro-Electric    Power  at    Mason   Valley,    Nev.*    Warren   Aikens.      (82)      June   7. 
Commercial  Development  Under  Group  Control,  Illinois  Northern  Utilities  Company.* 

(27)      June  7. 
Cost  of  Erecting  110  000  Volt  Transmission  Lines.*      (27)      June  7. 
Aluminum    Electrical   Cables.      (11)      June   13. 

Modern    Converting    Machinery.*      (12)      Serial    beginning    June    13. 
Electricity    Supply   in   London.*      (73)      June   13. 

A   Note  on   High   Frequency    Wave   Filters.*      G.    M.    B.    Shepherd.      (73)      June   13. 
Substation    of   Stockholm   Municipal   System.*     E.   Andreason.      (27)      June  14. 

•Illustrated. 
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Library   Illumination.*     F.   A.   Vaughn.      (27 1      June  14. 

Gas   V.   Electricity   for  the  Lighting  of   Huikiings.      (24)      June   16. 

Electric  Power  for  Quarries.  Gravel  Plants  and  Contract  Work.  (Report  of  Com- 
mittee.  National   Elec.   Light   Assoc.)       (13)      June  19. 

Sectionalizing  Devices  for  Central  Stations.*  F.  Heppenstall.  (73)  Serial  be- 
ginning June  20. 

Some  Methods  of  Detecting  Leakages  on  Alternating  and  Continuous-Current  Sys- 
tems.*     U.   D.  Gifford.      (26)      June  20. 

Quantitative  Results  of  Recent  Radio-Telegraphic  Tests  Between  Arlington,  Va., 
and   U.    S.   S.   Saletn*      John   L.    Hogan,   Jr.      (27)      June  21. 

Hydro-Electric  Systems.  (Abstract  from  Report  of  Committee  of  the  National 
Elec.    Light   Assoc.)       (64)      June   24. 

Recent  Developments  at  Stuart  Street  Station,  Manchester.*  (26)  Serial  be- 
ginning June   27. 

Wiring   of  the   Bankers'   Trust   Building.*      (27)      June   28. 

Electrit'al  Rehabilitation  of  the  Rock  Island  Railroad  Shops  in  Chicago.*  (27) 
June   28. 

The    Compensating    Quadrant    Crane.*       Harry     W.     Broady.      (95)      July. 

Notes   on    Electric    Field    Distribution.*      W.    S.    Franklin.      (3)      July. 

Electrolvtic  Corrosion  of  Iron  in  Soils.*  Burton  McCollum  and  K.  H.  Logan. 
(42)      July. 

Operation    of   Frequency    Changers.*      N.    E.    Funk.      (42)      July. 

Converting  Substations  in  Basements  and  Sub-Basements.*  B.  G.  Jamieson. 
(42)      July. 

Commutating-Pole  Saturation  in  D.-C.   Machines.     Harold  E.  Stokes.      (42)      July. 

Suggested  Specifications  for  Testing  High-Voltage  Insulators.  F.  W.  Peek,  Jr., 
J.  A.  Sandford,  .Jr..  and  Percy  H.  Thomas.      (42)      July. 

Some  Experiments  on  Brush  Contact  Resistance.*  Alfred  Hay,  M.  H.  Bhatt  and 
J.    M.    Parikh.      (73)      July   4. 

The  Laying  of  Alternate  Current  Mains  in  Iron  Pipes.*  L.  Bloch.  (Abstract  of 
paper    read    before    the    Elektrotechnische    Verein.)       (73)      July    4. 

A  New  Method  of  Hermetically  Sealing  Electrical  Conductors  Through  Glass  and 
Other   Vitreous    Substances.      George    B.    Burnside.      (73)      July    4. 

Hydro-Electric    Power    for    B.    C.    Mines.*      Jared    Thompson.      (82)      July    5. 

Electrical   Equipment   in   Lytton   Building,   Chicago.*      (27)      July   5. 

Phase    Compensation.*      Val.    A.    Fynn.      (27)      Serial    beginning    July    5. 

Preservative  Treatment  of  Poles.  Russell  A.  Griffln.  (Abstract  of  paper  read 
before   the   National    Elec.   Light   Assoc.)       (13)      July    10. 

A  Swiss  Hvdro-Electric  Station  Using  Water  Under  2  800  Ft.  Head.*  (13)  July 
10:    (27)   July  12. 

The  Generation  of  Electrical  Energy  for  Smaller  Towns.  M.  M.  Inglis.  (96) 
July    10. 

A    Siberian    Wireless    Station.*      (26)      July    11. 

Submarine    Power   Transmission    in    the    Baltic*      (26)       July    11. 

The    Siemens    Automatic    Fast-Speed     Printing    Telegraph.*      (73)      July     11. 

Carbon    Electrodes    for    Electrolytic    Cells.      Joh.    Harden.      (73)      July    11. 

Safeguarding   the    Induction    Motor.*      (62)      July    14. 

Installation  and  Care  of  Storage  Batteries.  H.  M.  Nichols.  (64)  Serial  be- 
ginning  July    15. 

Mercury    Vapour    Converters.*       Maurice    Leblanc,    Jr.      (73)      July    18. 

Transmission  Experiments  with  Earth  Antenn;p. *  F.  Kiebitz.  (From  Jahrbuch 
(Icr  drahttoscn    Telegraphic.)       (73)      July    18. 

Fundamental  Principles  of  Head-Lamp  Illumination.*  L.  C.  Porter  and  K.  W. 
Mackall.      (27)      July    19. 

Electric  Wiring  and  Illumination  of  the  Continental  and  Commercial  Bank  Build- 
ing. Chicago.*      (27)      July  26. 

Central-Station    Practice   at   Waterloo,    Iowa.*      (27)      July   26. 

Savannah   Electric  Co.'s   New   Power  Plant.*     Warren   O.   Rogers.      (64)      July   29. 

T.a  Telegraphic  sans  Fil.*     E.  Girardeau.      (32)      Mar. 

Appareil   de  Changement   de   Vitesse  Electrique  :    Syst6me  Breslauer.      (33)      June  7. 

L'Extension  du  Reseau  Telephonique  de  Paris.*    G.  Viard.      (33)      July  12. 

Hochspannungskabel,  Fabrikation,  Eigenschaften  und  Priifung.*  Leon  Lichenstein. 
(41)      May    1. 

Kreisdiagramme  fiir  Kaskadenschaltungen  von  Mehrphasen-Induktionsmotoren  mit 
Kollektorniaschinen.*      H.  Meyer-Delius.      (41)      May  1. 

Postnebenstellen  und  Fernsprechanlagen  nach  dem  Parallelsystem.*  C.  Beckmann. 
(41)      .May    8. 

Schiitzensteuerungen  zum  selbsttatigen  Anlassen  von  Motoren.*  H.  Cruse.  (48) 
May   10. 

Die  Bedcutung  der  Metalldrahtlampe  in  der  neuzeitlichen  Beleuchtungstechnik.* 
M.    V.    Pirani.      (40)      May    14. 

Elektrische  Kransteuerungen.*      R.   Loder.      (41)      May  15. 

Hemerkungen  zum  Entwurf  elektrischer  Maschinen  fiir  gerauschlosen  Gang.*  G. 
Pontecorvo.      (41)      May  15. 
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Ueber   oine    Hoi-hspannungsbatterie    zur   Messung   sehr    hoher    Isolationswiderstiiiide.* 

Alfred    Wertheimer.      (41)      May    15. 
Die    Elektrizitiitsvcrsorgung   von    Gross-nerlin.*      Bruno   Thierbach.      (41)      May    22. 
I'eber  die  olTentliche  Boleuchtung  der  Stadt   Dresden.*      A.   Strauss.      (41)      May  22. 
Ein    neues    Verteilersystem    mit    zentraler    Stromver.sorgung.*      Victor    J.    Baumann. 

(41)      May   22. 
Der    Wirkung.-^grad    de.s    Elektromagneten.*      L.    Schiller.      (41)  Serial    beginning 

May  20. 
Ueber      Priizisionswiderstande      fur      hochfre(iucnten      Wechselstrom.         Karl     Willy 

Wagner  und  Alfred  Wertheimer.      (41)      Serial  beginning  May  29. 
Die  neueren  elektrisehen   Lichtquellen.      Berthold   Monasch.      (41)      June   5. 
Koronaerseheinungeu    an    Leitungen.*      Weidig    und    Jaensch.      (41)      Serial    begin- 
ning  June   5. 
Die     Verwendung    des    Elektrolyteisens     im     Elektromaschinenbau.      Max     Breslauer. 

(41)      Serial  beginning  June  12. 
Einiges     aus     grossen     Hochspannungs-Freileitungsnetzen.        August     Petri.        (41) 

June    19. 
Verteilung     elektrischer     Energie     iiber     grosse     Gebiete.*      G.     Klingenberg.      (41) 

Serial  beginning  June  19. 
Ueber   einen    neuen    Torsionsmes.ser   zur    Bestimmung   des   Drehmomentes    rotierender 

Wellen.      H.    Gorges  und   P.   Weidig.      (41)      Serial  beginning  June  19. 
Der  "Leistungsfaktor  von   Drehstrommotoren   mit   ungleicher   Phasenbelastung."*      P. 

Sauvage.      (41)      June  19. 
Wert  der   Elektrisehen   Anlagen    in   Wurttemberg.      H.   Klaiber.      (41)      July   10. 
Hoch.'^Iiunnungs-Ausfjenenstallation    der    Central    Georgia    Transmission    Co.*      L.    A. 

.Magraw.      (41)      Serial  beginning  July  12. 

Marine. 

Engineering   Applications   of  the   Gyroscope.*      Elmer   A.    Sperry.      (3)      May. 

Arrangement  of  Boilers  on  Board  Ship.      J.  Carson.      (94)      May. 

Quadruple   Screw   Turbine-Driven    Allan    Liner   L'alqarian.      (47)      May    2. 

Geared  Turbine  Steamers  for  the  South  Indian  Railway.*      (12)   May  2;   (23)   May  9. 

Spanish    Tran.satlantic    Liner    Infanta    Isabel    ile    Borbon.       (11)       Serial    beginning 

May  2. 
Life-Saving  at  Sea.*     Axel  Welin.      (29)     May  9. 
The   French   Atlantic   Liner  Lutetia.*      (12)      May   9. 

The   First   Triple-Turreted    Warship.*      Perdval    A.    Hislam.      (46)      May    10. 
Hydraulic   A.sh-Expeller   for   Ships.*      (11)      May    16. 
The  Japanese  Battle-Cruiser  Kongo.*      (11)      May  23. 
The  French  Battleships  Provence  and  Bretagnc*      (12)      May  23. 
The   Pendulum   Propeller   Rudder.*      H.    C.    Vogt.       (Abstract    from    The   Steamship.) 

(19)      May  24. 
Manipulation  of  Cvlinder  Towers  on  a  Drill  Boat.*      (14)      May  31. 
Why  Not  Channel  Trolleys?*     F.  W.  Fitzpatrick.      (10)      June. 

Some    Special    Applications   of    Electricity    on    Warships.      A.    P.    Pyne.      (77)      June. 
Empirical   Method  of   Screw   Propeller  Design.      Peter  Doig.      (95)      Serial   beginning 

June. 
Power  Lifeboats,  the  Lundin  Decked  Type.*      (95)      June. 
Side-Wheel  Passenger  Steamer  See-and-Bcc*      (95)      June. 

German-Built   Motor   Ship  Hermann   Krabb.*      Alfred   Gradenwitz.      (95)      June. 
First  American-Built  Marine  Diesel  Engines.*      (64)      June  3. 
S.   S.  James  Carruthers.*      (96)      June  .'i. 
The  Sperry  Gyro  Compass.*      (26)      June  G. 

H.   M.   Torpedo-Boat   Destroyers  Shark,  Sparrowhaick   and   Spitfire.*      (11)      June   6. 
Tests  on   a    10  000   Horse-power   Fottinger  Transformer,    Hydraulic   Gear   for   Marine 

Turbines.*      Alfred   Gradenwitz.      (46)      June   14. 
The  French  Destroyer  Mac/on.*      (12)      June  20. 
20  Horse-power  Marine  Oil   Engine.*      (12)      June  20. 
Armoured   River  Monitors  for  Brazil.*      (12)      June  20. 
The    Hamburg-Amerika    Liner    hnperator.*      (12)      June    20;     (11)    June    20;     (46) 

June    21;      (64)      July    8;      (13)      July    10. 
Thirty-six   Hours    Under  Water,   A   Submarine   Propelled  by  Gasoline   Engines  While 

Submerged.*      Charlton    Lawrence    Edholm.      (46)      June    21. 
The  French   Dreadnought  Jean  Bart.*      (12)      June  27. 
The  Isle  of  .Man  Geared-Turbine  Steamer  King  Orry.*      (11)      June  27. 
The  Electrical   Propulsion  of  Ships.      W.   L.   R.   Emmet.      (3)      July. 
Hudson   River  Steamer    Washintiton  Irving.*      (95)      July. 
New   Pacific  Coastwise  Steamship  Congress.*      (95)      July. 
A    New    Mail    and   Passenger   Steamship    for   Newfoundland.*      F.    C.    Coleman.      (95) 

July. 
A   New  Type  of  Submarine  Boat.      (95)      July. 
Boats  and  Davits  for  Saving  Life  at  Sea.*      (11)   July  11. 
The   Tetrahedron    Ship    Model.*      (12)      July    18. 
The  Motor  Ship  Ch7-istinn  X.     George  Erichsen.      (12)      July  18. 
The   Greek   Torpedo-Boat   Destroyers    of   the   Lion   Class.      (12)      July    18. 
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The     Salvage     and     Repair     of     the     Steamship     Royal     George.*       R.     G.     Skerrett. 

(40)      July  26. 
Les  N'avires  Mouiileurs  de  Mines  Sous-Marines  Pluton  et  Cerbire.*      Gouriet.      (^3i) 

Apr.  26. 
Note  sur  les  Resultats  d'Essais  Falls   au  Sujet  de  la  Construction  des   Remorqueurs 

et    Chalands,    Destines    aux    Chantiers    du    Port    de    Bordeaux.       Lefort.       (43) 

May. 
Lancement  du  Paquebot  Anglais  Aquitania  et  du  Paquebot  AUemand  Vaterland*   (ii) 

May  3. 
Sonde    a    Signal    et    Appareil    Suidois    pour    Decouvrir    les    Bas-Fonds    et    les    Mines 

Sous-Marines.*     Emile  Smith,      (ii)      May  17. 
L'Evolution    des    Navires   du    Type   Croiseur.*      (ii)      May    31. 
R^ducteur  Hydraulique  de  Vitesse   pour  Turbine  de   10  000   Chevaux,   Systj^me  Foet- 

tinger.*      (H)      July  12. 
Das    Tankschiff    Hagen    erbaut    von    Fried.     Krupp    A.-G.     Germaniawerft.*      (48) 

Apr.   5. 
Die  neueste  Ausfiihrung  des  Fottinger-Transformators.*     Wilhelm   Spannhake.     (48) 

Serial   beginning  May  10. 

Mechanical. 

Agglomeration   of  Fine  Materials.      Walter   S.   Landis.      (56)      Vol.  43. 

Sintering  and  Briquetting  of  Flue-Dust.     Felix  A.  Vogel.      (56)      Vol.  43. 

The  Schumacher   Briquetting  Process.*      Joseph   W.   Richards.      (56)      Vol.   43. 

The   Briquetting  of   Iron-Ores.*      N.    V.   Hansell.      (56)      Vol.    43. 

The    Rational    Valuation    and    Quality-Efficiency    of    Furnace    Stock.     John    Jermain 

Porter.      (56)      Vol.    43. 
Progress   in   Roll-Crushing.*      C.   Q.   Payne.      (56)      Vol.  43. 
Flameless   Combustion.*      Carleton    Ellis.      (56)      Vol.   43. 
Vapour-Compression    Refrigerating  Machines.*      J.   Wemyss   Anderson.      (75)      Nov., 

1912. 
A    Contribution    to    the    Theory    of    Refrigerating    Machines.*      John    H.    Grindley. 

(75)      Nov.,    1912. 
Woodall-Duckham  Verticals  at  the  Poole  "Works.*      (66)      Apr.   29. 
Chimnev    Draught    and    Its    Influence    on    Producer    Working.*      Frederick    Shewring. 

(66)      Apr.    29. 
Notes    on    the    Recent    Reconstruction    of    a    Retort-House    at    Beckton.*     Thomas 

Goulden.      (Paper    read    before    the    Eastern    Counties    Gas    Managers'    Assoc.) 

(66)      Apr.    29. 
The    Technics    of    the    Ascension-Pipe.       Edward    G.    Stewart.       (Paper    read    before 

the  London  and  Southern  District  Junior  Gas  Assoc.)       (66)      Apr.  29. 
Standardization   of   Method   for   Determining   and    Comparing   Power   Costs    in    Steam 

Plants.      H.   G.    Stott   and   W.    S.   Gorsuch.      (42)      May. 
Numerical   and   Graphical   Methods   in    Designing   Involute   Spur   Gears.*      A.    Schlen. 

(108)      May. 
The     Industrial     Application     of     Producer     Gas     to    Brass     Melting.      B.     M.     Herr. 

(Paper   read   before  the   National   Gas   Engine   Assoc.)       (108)      May. 
Essentials    in    the    Making    of    the    Finer    Steel    Sheets.      John    G.    Homan.      (105) 

May. 
The  Heat  Balance  of  the  Open  Hearth,  an  Account  of  an  Elaborate  Heat-Efflciency 

Test    Made    on    Two    60-Ton    Open    Hearth   Furnaces.      Sidney    Connell.      (105) 

May. 
The   Manufacture  of   Petroleum   Products.*      F.    C.   Robinson.      (58)      May. 
Fuel    Saving   and    Smoke   Prevention   Thru   the  Use   of   a    Smokeless   Firebox    Boiler. 

Robert   W.    Hunt.      (60)      May. 
The  Measurement  of  the  True  Static  Pressure  in  a  Moving  Fluid,   Application  to  an 

Aeroplane  Barograph.      A.  F.  Zahn.      (3)      May. 
Motor    Truck    Efficiency.*       (60)      May. 
Motor   Tire    Wear    in    Various    Cities.      (60)      May. 
Cost   of  Operating  Motor  Trucks.     R.   W.   Hutchinson,   Jr.      (From   Power   Wtigon.) 

(60)      May. 
The   Sand   and   Gravel    Plant   of   the   Ohio   Co.*      (67)      May. 
Condensing  Plant  for  Steam  Turbines.     J.  A.  McLay.      (Paper  read  before  the  Assoc. 

of    Min.    Elec.    Engrs.)       (22)      May    2. 
Advantages    of    the     Direct     .Method    of    Ammonia    Recovery.*       C.     Heck.        (From 

GlUrkauf.)       (57)      May    2. 
Coal    Washery    and     By-Product    Coke-Oven    Installation    at    Holmewood    Colliery.* 

(22)      May    2. 
.\   French    Diesel   Engine.*      (12)      May   2. 
The    Bonecourt    Process    of    Surface    Combustion.*       C.    D.    McCourt.       (73)       Serial 

beginning    May    2. 
Prime   Movers   and   Condensing   Apparatus.*      Geo.   E.   Eldwards.      (82)      May   3. 
Boiler  Troubles,   Their   Causes,   and   Their   Prevention.      Albert   N.    Dunlap.       (Paper 

read    before   the   National    Assoc,    of    Steam    Engrs.)       (62)      May    5. 
Results  of  Concentration  of  Works.     A.   B.   Walker.      (Paper   read   before   the   North 

of   England   Gas    Managers'    Assoc.)       (66)       May    6. 

•Illustrated. 
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East    Hull    Carbonizing    Plant    Extensions    with    Notes    on    Working    Results.     R. 

Nelson.       (Paper    read    before    the    North    of    England    Gas    Managers'    Assoc.) 

(66)      May   6. 
Jacksonville   Municipal   Power   Plant.*      C.   C.   Austin.      (64)      May   6. 
Testing   Oil    for   Sulphur.      William   Pattern.      (64)      May   6. 
Power   Matters   lu    Textile   Mills.      F.    W.    Dean.      (Paper    read   before   the    National 

Assoc,    of   Cotton   Manufacturers.)       (64)      May    6. 
Cost    of    Pulling    Small    Trees    with    a    Traction    Engine.       F.    Hutchinson.      (86) 

May   7. 
Building  an  Automobile  Every  40  Seconds.*     Fred  H.  Colvln.      (72)      May  S. 
Inspection  Gages  for  Remington  Gun  Parts.*      E.  A.   Suverkrop.      (72)      May  8. 
The  Smoke  Problem  From  an  Economic  Standpoint.     Charles  W.  Fulton.      (Abstract 

of  paper  read  before  the  Textile  Inst.)      (47)      May  9. 
On    the    Kinetic    Theory    of    Gases.*      Henry    Cunyngham.       (57)       Serial    beginning 

May  9. 
The  Manufacture  of  Motor  Car  Parts  in  America.*     James  Mcintosh.      (12)      May  9. 
Scale,   Pitting  and   Corrosion   in   Steam   Boilers ;   Their   Cause,   Effect   and   Remedy.* 

(22)      May  9. 
The  Deformation  by  Centrifugal  Stress  of  Turbine- Wheels.*      (11)      May  9. 
Automatic  Weaving  Machinery.*      (11)      May  9. 
Some  Stationary  British  Diesel  Engines.*      (12)   May  9. 
The    Railroad    Man's    Side    of    the    Smoke    Abatement    Problems.     G.    M.    Carpenter. 

(Paper  read  before  the  Cincinnati  Ry.   Club.)      (62)      May   12. 
Recent     Improvements     in     Methods     of     Gas     Analysis.      Leonard     A.     Levy.      (66) 

Serial  beginning  Mav  13. 
The   LeBlond   Heavy   Duty   Miller.*      (72)      May   15. 

Strength   of    C-Shaped    Cast-Iron    Frames.*      A.    Lewis   Jenkins.      (72)      May    15. 
The  Manufacture  of  White-Metal  Die  Castings.*      (72)      May  15. 
Air  as   a  Stimulator  of  Corrosion   in   Refrigerating  Systems.*     M.    B.    Smith.      (13) 

May   15. 
Tar   and   Its   By-Products.*      S.    R.    Church.      (Paper   read  before  the   Southern   Gas 

Assoc.)      (83)      May  15;      (24)      May  26 ;      (66)      May  27. 
A  New  Manometer.*      (12)      May  16. 
Benzol    From    Coal    Gas.      (11)      May    16. 
The  Yarrow  Boiler.*      (11)      May  16. 
A  New  Boiler  Furnace.*     Charles  W.  Fulton.      (From  Paper  "Smoke  Prevention  in 

Steam  Boilers,"  read  before  the  Textile  Inst.)       (12)      May  16. 
Steam    Turbines    with    Special    Reference    to    Mining    Installations.*      A.    L.    Ohlson. 

(Paper  read  before  the  Assoc,  of  Min.  Elec.  Bngrs.)      (22)      May  16. 
The  Comparative  Efficiencv  of  Eiffel  Surfaces,  Studies  in  Aeroplane  Design.     Robert 

D.  Andrews.      (19)      May  17. 
The    New    Era    in    Machine   Tool    Designs.      E.    P.    Bullard,    Jr.      (Abstract   of    paper 

read  before  the  Cleveland  Eng.   Soc.)      (62)      May  19. 
The  First  American  Locomobile.*      F.   R.   Low.      (64)      May  20. 
Heine  Boiler  Tests  at  Terminal  Station.*      (64)      May  20. 
Low-Temperature  Carbonization.*      (66)      May  20. 
The   Effects   of   Low   Temperatures   on   Coal    Gas   and   Air  Gas.     C.    Aschof.      (From 

Zeitschrift  fiir  Beleuchtungswesen.)      (66)      May  20. 
Liquefied    Products    from    Natural    Gas.      Irving    C.    Allen    and    George    A.    Burrell. 

(From   Technical  Paper  No.    10,   U.    S.    Bureau   of   Mines.)       (66)      May   20. 
Diagram  for  Flow  of  Air  in  Pipes.*     C.   R.  Richards.      (From  Bulletin,  Eng.  Exper. 

Station,  Univ.  of  Illinois.)       (86)      May  21. 
Plant  of  Henry  Vogt  Machine  Company.*      G.   D.  Grain,  Jr.      (20)      May  22. 
An  Economical  Sand  and   Gravel   Plant.*      (13)      May  22. 

Steel  Ca.stings  and  the  Substitutes  for  Them.*     Henry  Souther.      (20)      May  22. 
Machining  the  Ford  Cylinders.*      Fred  H.  Colvin.      (72)      Serial  beginning  May  22. 
Punching  and  Shearing  Values  for  Steel.*      Gardner  C.  Anthony.      (72)      May  22. 
A  Pump  Building  Plant  in  California.*      F.  A.  Stanley.      (72)      May  22. 
Rollings   Mills   for   Scrap   Docks.     G.   G.   Allen.      (Paper  read   before  the   Ry.    Store- 
keepers' Assoc.)      (15)  May  23;  (18)  May  24. 
Storage    and    Handling    of    Ice.      G.    T.    Dunn,    Clarence    Foster    and    D.    C.    Curtis. 

(Papers  read  before  the  Ry.  Storekeepers'  Assoc.)      (15)   May  23;    (18)   May  24. 
Scientific    Instruments:      Their    Design    and    Use    in    Aeronautics.*      Horace    Darwin. 

(Paper  read  before  the  Aeronautical  Soc.  of  Great  Britain.)      (11)     Serial  begin- 
ning  May   23;      (12)      June   13;      (29)      July   4. 
A  Visit  to   Lincoln   Engineering  Works.*      (12)      May   23. 
Petrol  and  Alcohol  Internal  Combustion  Engines.      (11)      May  23. 
Liquid  Fuel.      Vivian   B.  Lewes.      (29)      Serial  beginning  May  23. 
The  Ostwald  Process  for  Making  Nitric  Acid  from  Ammonia.*      (22)      May   23. 
The  "Notanos"  Coal  Washer.*      (22)      May  23. 
Horizontal  Tubular-Boiler  Setting.*      (27)      May  24. 
Reducing    the    Boiler    Fuel    in    Water    Gas    Manufacturing.     T.    B.    Genay.      (Paper 

read    before   the    Iowa    District    Gas    Assoc.)       (24)      May    26;      (83)      July    15. 
The   Automatic   Lighting   and   Extinguishing   of   Street   Gas   Lamps.*     J.   A.    Seager. 

(24)      May  26. 
New  Power  Plant  at  Weber  Wagon  Works.*     A.  R.  Maujer.      (64)      May  27. 

*  Illustrated. 
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Results  of  Tests  of  Spiro  Turbines.*     Herbert  Coward.      (64)      May  27. 

The   Illmer  Two-Stroke-Cycle  Gas  EnRine.*      (64)      May  27. 

Cooling    Tower   for   Small    Refrigerating    Plant.*      R.    L.    Mossman.      (64)      May    27. 

Description  of  the  Wandsworth  Gas  Works.*      (66)      May  27. 

Performance  of  a  450-H.   P.   Boiler  with  Oil  Fuel.*      A.  L.   Menzin.      (13)      May  29. 

A    .New   Hydraulic   Transmission   Gear.*      (20)      May   29. 

Steel   Castings  from  the  Electric  Furnace.*      Edwin  F.   Cone.      (20)      May  29. 

The  Gas  Engine  in  the  Steel  Industry.     Heinrich  J.  Freyn.      (Paper  read  before  the 

Am.  Iron  and  Steel  Inst.)      (20)   May  29;    (47)   June  1.3;    (22)   June  27. 
Experience  with  the  Single  Gas-Driven   Blower.      Arthur  West.      (Paper  read  before 

the  Am.   Iron   and  Steel   Inst.)       (20)      May  29. 
The    Pendulameter :      A    New    Shop    Instrument.*      (72)      May    29. 
Automatic    Control    of    Machine    Drives.*      H.    F.    Stratton.      (72)      May    29. 
Heat   Accumulators   and   Their   Use    in    Exhaust   Steam   Turbine   Plants.*      A.    Alison. 

(Abstract  of  paper   read  before  the  Junior   Inst,   of   Engrs.)       (47)      May   30. 
Application    and    Production    of    Die    Castings    for    Automobiles.*      Walter    Betterton. 

(Paper   read    before   the   Inst,    of    Automobile    Engrs.)       (47)       Serial   beginning 

May  30. 
Case-Hardening.      David    Keachie.      (Abstract    of    paper    read    before    the    Scientific 

Soc,    Royal   Technical    College.)      (47)      May   30. 
Production     of     Coal     from     Cellulose     at     High     Temperatures     and     Pressures.     F. 

Bergins.      (Paper  read  before  the  Soc.  of  Chemical   Industry.)      (22)      May  30. 
Small   Steam  Turbines.*      (12)      May   30. 
The  Shuman-Haines  Steam  Engine.*      (12)      May  30. 
A    Portable   Coal   and   Coke   Handling   Machine.*      (22)      May    30. 
1000  Horse-power  Four-Cylinder  "Premier"  Gas  Engine.      (11)      May  30. 
Recent  Activity  in  the  Explosive  Pump   Art.*      (46)      May  31. 

Safety,    Relief.    Sanitation    and    Welfare    in    a   Great    Corporation    (U.    S.    Steel    Cor- 
poration.)*     (98)      June. 
The    Production    of    Sound    Steel    Ingots.*      (Simonds    Mfg.    Co.)       (105)      June. 
Comparative  Notes  on  Independent  Steam  Condensing  Plants.*     W.  A.  Dexter.      (77) 

June. 
The   Great    Economies    Produced   by    Continuous    Foundry    Installations.      George    K. 

Hooper.      (Paper  read  before  the  Am.   Foundrymen's  Assoc.)       (108)      June. 
Sub-Bituminous    and    Lignitic   Coal.*      Samuel    B.    Flagg.       (Abstract   of   paper    read 

before  the  Ry.   Fuel  Assoc.)      (25)    June;    (47)    June  27;    (15)    May  30;    (13) 

June   12  :    (18)    June    7. 
Stress  Considerations  in  Aeroplane  Design.      A.  F.  Zalim.      (3)      June. 
Langerfeld    Coal    and    Slate   Separator.*      Arthur   Langerfeld.      (45)      June. 
Best  Methods  of  Welding  Superheating  Tubes  and  Tools  Used  for  Same.*      (Abstract 

of   Report  of  Committee,   Master   Boiler   Makers'   Assoc.)       (94)      June. 
The   Advantages    and    Disadvantages   of   Using    Oxy-Acetylene   and    Electric    Welding 

Process  for  Boiler  Maintenance  and  Repairs.      (Abstract  of  Report  of  Committee, 

Master   Boiler  Makers'  Assoc.)       (94)      June. 
Is  There  Any  Limit  to  the  Length  of  a  Tube  in  a  Boiler  Without  a  Support  Midway 

of    Boiler,    Etc.?       (Abstract    of    Report    of    Committee,    Master    Boiler    Makers' 

Assoc.)       (94)      June. 
Methods    for    Investigating    and    Recording    Atmospheric    Impurities.    Including    the 

Soot   and   Dust   Suspended    in   the   Atmosphere.*      John    B.    C.    Kershaw.      (105) 

June. 
The    Problem    of    Smoke    Abatement.*     William    A.    Hoffman.      (Paper    read    before 

the  Engrs'.   Club  of  St.  Louis.)       (1)      June. 
Burns   30  000    Bricks   in    24   Hours.*       (Buhrer    Shortened    Continuous   Kiln.)       (76) 

June  1. 
The  Control   of  Fire  Clay.*      (76)      June  1. 

Standard   Boiler   and   Fire   Box    Requirements   of    Cleveland    Smoke    Inspection    Divi- 
sion.*     (62)      June    2. 
Some    Notes   on    the   Chemistry    of   Gas    Coal.     E.    P.    Wilson.      (Paper    read    before 

the   New  England   Assoc,   of  Gas   Engrs.)       (24)      Serial   beginning   June   2. 
Gas   Engines    and   Their   Applications.*      William  H.   Edmondson.      (Paper   read   be- 
fore the   N.    C.    G.   A.)       (83)      June   2. 
Experiments  on   EfBcient  Boiler  Operation.      B.   W.   Rogowski.      (64)      June  3. 
Coal   and  Ash   Handling  at  Lake   Shore  Plant.*      A.    D.   Williams.      (64)      June   3. 
A  German  Soot  and  Cinder  Arrester.*     Otto  E.  Trautman.      (64)      June  3. 
Some   Notes   on    Carbonization.      Ernest    A.    Franks.      (Paper   read   before   the   Wales 

and  Monmouthshire  District  Institution  of  Gas  Engrs.)       (66)      June   3. 
The   Packard   Motor  Car  Company,    Detroit.*      (20)      Serial   beginning   June   5. 
Making  Cylinders  on   Semiautomatic   Machines.*      (72)      June   5. 
Operation   of   Balance    Indicating   Machine.*      (72)      June   5. 
Design    of    Structural    Steel    Plant.*      E.    H.    Darling,    A.    M.    Can.    Soc.    C.    E.      (96) 

Serial   beginning   June   5. 
Lang's   Lathe   Works    at   Johnstone.*      (11)      June   6. 
A   .Modern   Sheet   Metal   Shop   and   Cost    System.*      (101)      June  6. 
The  John  Samuel  White  Diesel  Engine.*      (12)      June  6. 
The  Sperry   Aeroplane  Stabiliser.*      (12)      June   6. 

*  Illustrated. 
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Chemical    Treatment    of    Waste    Wood.*      H.    K.    Benson.      (Paper    read    before    the 

Inter.   ConKress  of   Applied   Chemistry.)       (19)      June   7. 
The   Modern   By- Product  Coke  Oven.      C.   A.   Meissner.      (Paper  read  before   the  Am. 

Iron    and    Steel    Inst.)       (62)      June   9. 
The   Ohio    Board    of    Boiler    Rules    and    Its    Work.     H.    A.    Baumhart.      (Paper    read 

before  the  Cleveland    Eng.    Soc. )       (62)      June  9. 
A   Laboratory    Method    of   Fractionating   Coal    to    Determine    its    Output   of    Gas    and 

By-Products.*      Q.      Schramm.      (From      Journal      iiir      Oasbeleuchtung.)       (24) 

June  9 ;    (66)    May  6. 
New    Coal    Gas    Plant    at   Atlanta,    Ga.*     R.    C.    Congdon.      (Paper    read    before   the 

Southern   Gas   Assoc.)       (24)      June   9;      (83)      June   2. 
Some  Notes  on  the  Vertical  Retorts  at  Derby,  Conn.      Charles  H.  Nettleton.      (Paper 

read   before  the   New   England   Assoc,   of  Gas   Engrs.)       (24)      June   9. 
Coal     Gas?      Surely.      But     How?      R.     B.     Brown.      (Paper     read     before     the     New 

England   Assoc,    of   Gas    Engrs.)       (24)      June    9. 
Testing    Small    Steam   Turbines.*      R.    C.    Allen.      (64)      June   10. 
The  Flow  of  Steam  Through   Pipes.*      H.  V.   Carpenter.      (64)      June  10. 
Estimating    Heat   Value   of   Fuel.*      (64)      June    10. 
Engine-Cylinder    Lubrication.*      Willis    Lawrence.      (64)      June    10. 
Manufacture    and    Uses    of    Malleable    Cast    Iron.*      Enrique    Touceda.      (Paper    read 

before  the  Soc.   of  Automobile   Engrs.)       (20)      June  12. 
Gas    and    Oil    Engines    for    Electric    Supply    Stations.      A.    N.    Rye.      (96)      June    12. 
Machining    the    Petter    Crude    Oil    Engine.*      I.    W.    Chubb.      (72)      Serial    begin- 
ning June  12. 
Points   on    Gas-Fired    Boilers.*      K.   Huessener.      (22)      June   13. 
Recent  Progress  in  Industrial   Pyrometry.*      Chas.  R.  Darling.      (12)      June  13. 
Steam-Hydraulic   Slab   Shears.*      (12)      June  13. 
Messrs.  G.  and  J.  Weirs  Works  at  Cathcart.*      (11)      June  13. 
New  Diesel   Plant  at   Kingston-on-Thames.*      (26)      June  13. 

A  Plea   for  Higher  Pressure  in   Distribution.*      J.   E.   Bullard.      (83)      June  16. 
Uncertain    Cost    of    Natural    Gas    Production    and    Transportation.       George    Heard. 

(Paper  read  before  the   Natural   Gas  Assoc.)       (83)    -June   16. 
Natural   Gas   Progress.      Martin   Benson   Daly.      (83)      June   16. 
Measuring    the    Flow    of    Natural     Gas.     D.     Hastings.      (Paper     read     before    the 

Natural   Gas  Assoc.)       (83)      June  16. 
Stimulating    the    Gas    Lighting    Business.       (Paper    read    before    the    New    England 

Assoc,  of  Gas   Engrs.)       (24)      June  16. 
Operating   a    Water   Gas    Machine    by    Electric    Pyrometer.      F.    L.    Weisser.      (Paper 

read  before  the  S.  W.  Electrical  and  Gas  Assoc.)      (83)    June  16;    (24)    July  7. 
Gas  V.  Electricity  for  the  Lighting  of  Buildings.      (24)      June  16. 
Diagnosis   of   Steel   Truck   Wheels.*      George   Walther.      (62)      June   16. 
The    Walther    Feld    Process    for    the    Manufacture    of    Sulphate    of    Ammonia.*      A. 

Pacchioui.      (Paper    read    before    the    Italian    Gas    and    Water    Assoc.)       (66) 

Serial    beginning    June    17. 
The    Standard    Specification    of    Street   Lighting.*      W.    J.    Liberty.       (From    The    Il- 
luminating  Engineer.)       (66)      June   17. 
Steam-Loop    and    Gravity-Return    System    (Steam    Plant.)*      J.    C.    Hawkins.      (64) 

June  17. 
Layout,    Design    and    Equipment    of    Industrial    Plants.     A.    Home-Morton.      (Paper 

read  before  the  Liverpool   Eng.   Soc.)       (96)      June  19. 
Jacket    Water    Temperatures    and    Fuel    Consumption    in    Internal    Combustion    En- 
gines.*     Reginald  Trautschold.      (96)      June   19. 
Notes  on   Gaseous   Heating.*      E.   W.   Smith   and   C.   M.   Walter.      (Abstract   of  paper 

read   before  the  Institution   of  Gas   Engrs.)      (47)      Serial   beginning   June  20  ; 

(66)      June   24. 
Vaporiser  for  Open-Hearth  Suction   Producers.*      (47)      June  20. 
A    New    Law    of    Vulcanization,    the    Physical    Chemistry    of    Rubber    Manufacture. 

Augustus  O.   Bourn.      (Paper  read   before  the   Inter.    Rubber   Exhibition.)      (19) 

June  21. 
Manufacture  of   Pipe   for   Oil    and   Gas.*      F.   N.    Speller.      (Abstract   of   paper   read 

before  the   Natural   Gas  Assoc,   of  America.)      (24)      June   23. 
Bureau    of    Standards'    Rules    for    Gas    Service.       (Report    to    the    Wisconsin    R.    R. 

Comm.)       (24)      June  23. 
The    Illmer   Gas   Engine;   A   New   Factor   in   the   Steel   Works    Power   Field.*      (62) 

June  23. 
Liquid     Purification.      W.     B.     Davidson.      (Paper     read     before     the     Institution     of 

Gas   Engrs.)      (66)      June  24. 
Notes    on    Suburban    Gas    Supply.*     A.    A.    Johnston.      (Paper    read    before    the    In- 
stitution  of   Gas    Engrs.)       (66)      June   24. 
Depreciation  ;  Estimated  and  Actual.     Alex.  C.  Humphreys.      (Paper  read  before  the 

Institution  of  Gas  Engrs.)       (66)      June  24. 
Power  Plant  of  Woolworth   Building.*      Thomas  Wilson.      (64)      June  24. 
Refrigeration    a    Desirable    Load    for    Central    Stations.     (Abstract    from    Report    of 

Committee,   National    Elec.   Light   Assoc.)       (64)      June   24. 
Heat   Balance  of  a   Producer.     Julian   C.    Smallwood.      (64)      June   24. 

•Illustrated. 
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Mechanical^*  Continued). 

A   Now    Rloctrically   Driven   Sheet   Mill.*      (20)      June  26. 

The  Works  of  Messrs.   Reavell  and  Co..  Limited.*      (11)      June  27. 

Coppee    Bv-Product    Coke-Oven    Installation    at    Lancaster's    Steam    Coal     Collieries, 

Cwmtillery.*      (22)      June    27. 
Ammonia    Stills    in    By-Produrt    Coke-Oven    Plants.*      A.    Thau.      (From    Gliickauf.) 

(22)      Serial    beginnlnK    June    27. 
Manufacture  of  Switches  and  Frog.s.*      (18)      Serial  beginning  June  28. 
A   Large   Gas-Pump   Installation.*      (103)      June   28. 

The   By-Products   of   Sugar   Manufacture   and   Methods   for   Their   Utilization.      C.    A. 

Browne.      (6)      July.  .  .  ,    ^  *.  ,n. 

The  Conservation   of  the  Worker    (U.   S.   Steel   Corporation).      Arundel   Cotter.      (9) 

Denatured  Alcohol  as  a  Decarbonizer  and  Engine  Cleanser.  Joseph  Anglada. 
(108)      Julv. 

Motor  Trucks   in   Municipal   Contracting.*     H.   W.   Perry.      (60)      July. 

The  Adaptability  of  Electric  Welding.*      George  Hills.      (105)      July. 

Riegel   Watertube  Firebox   Design.*      S.   S.   Riogel.      (94)      July. 

Construction    of   Underfired   Boilers.*      W.   E.   Pinnegar.      (94)      July. 

Industrial  Combustible  Gases.*      J.  M.  Rusby.      (3)      July. 

The  Pishel  Coking  Test.*      Max  A.  Pishel.      (45)      July. 

Sand  and  Gravel  Washing  Plants.*  Raymond  W.  Dull.  (Paper  read  before  the 
National  Assoc,  of  Cement  Users.)       (67)      July. 

Woodworking  Machinery  for  Railway  Carriage  and  Wagon  Building.*  George 
Fisher.      (21)      Serial  beginning  July. 

Electrical  Requirements  of  Certain  Machines  in  the  Rubber  Industry.*  C.  A.  Kel- 
sey.      (42)      July. 

Mixed-Pressure  Steam  Turbine.  L.  G.  Hamner.  (Abstract  of  a  paper  read  be- 
fore the   Melville  Council    No.    9,   Universal    Craftsmen.)       (64)      July   1. 

Decomposition  of  Carbon  Bisulphide  in  Coal  Gas  by  Hot  Purification.*  Charles 
Claude  Carpenter.  (Paper  read  before  the  Soclete  Technique  du  Gaz.) 
(66)      July   1. 

A   34   Passenger   Single-Deck   Motor  Omnibus.*      (13)      July    3. 

A  Six-Story  Continuous  Foundry  Building  (The  Ford  Motor  Co.).*  Oliver  J.  Abell. 
(20)      July  3. 

Report  on  the  Conditions  of  Work  in  Cleaning  Steam  Boilers  and  Flues.  J.  H. 
Warren.      (47)      July   4. 

Gas  Engine  Practice.  W.  Fennell,  M.  Inst.  C.  E.  (Abstract  of  paper  read  before 
the  Birmingham  Dist.  Elec.  Club.)       (47)      July  4. 

The  Working  Fluid  of  Internal  Combustion  Engines.*  Dugald  Clerk,  M.  Inst.  C. 
E.  (Paper  read  before  the  Junior  Inst,  of  Engrs.)  (11)  Serial  beginning 
July   4:      (47)      July    11:      (12)      July    11. 

Queen's  Engineering  Works,   Bedford.*      (12)      July  4. 

Blast-Quantity  and  Pressure  in  Cupola  Working.  F.  J.  Cook.  (Paper  read  before 
the   British   Foundrymen's  Assoc.)       (22)      July   4. 

Fuel    Production    in    the   United   States.*      R.    H.    Byrd.      (46)      July    5. 

Pneumatic  Tires.  P.  W.  Litchfield.  (From  Bulletin,  Society  of  Automobile  En- 
gineers.)      (19)      July   5. 

Foundry-Cupola  Gases  and  Temperatures.*  A.  W.  Belden.  (Paper  read  before 
the  Am.  Foundrymen's  Assoc.)       (62)      July  7. 

Power   Plant   of   the   Otis   Building.*      A.    R.   Maujer.      (64)      July   8. 

Refractory  Material  in  Gas-Works.  Thomas  Holgate,  M.  Inst.  C.  E.  (66)  Serial 
beginning    July    8. 

The  Cost  of  Generating  Power  with  Diesel  Oil  Engines.  Gordon  Kribs.  (96) 
July  10. 

Artificial   Ice   Manufacture   in   Ottawa.*      Gerald   L.   Kirwan.      (96)      July   10. 

A  Complete  Elevator  Manufacturing  Plant.*      (20)      July  10. 

The   Machinery  of  the   Parker  Gun   Barrel.*      Ethan   Viall.      (72)      July   10. 

The    Sturtevant   Steam   Turbine.*      (11)      July   11. 

Cost   Data  on   Motor  Trucks  Used  to  Haul   a  Contractor's  Supplies.      (14)      July  12. 

Production  of  Malleable  Castings.  Richard  Moldenke.  (Paner  read  before  the 
Am.   Chemical   Soc.)       (62)      July   14  ;      (47)      July  18. 

Coke-Oven  Carbonization.*  W'.  Chancy.  (Paper  read  before  the  British  In- 
stitution of  Gas  Engrs.)  (24)  July  14;  (22)  June  27;  (57)  July  18; 
(66)      June   24. 

Recent  Developments  in  Industrial  Fuel  Appliances.  E.  C.  Welsgerber.  (Paper 
read  before  the   Iowa  Dist.   Gas   Assoc.)       (24)       July   14. 

Burns  Brick  Without  Grate.*     Paul  Beer.      (76)      July  15. 

The  Technical  Development  of  the  Heating  of  Gas-Making  Settings.  Karl  Bunte. 
(Abstract   of   paper   read   before   the   Gorman    Assoc.)       (66)      July   15. 

Manufacture  of  Oil    Gas.*      E.    C.    Jones.      (83)      July   15. 

Clav-Working   Machines   of  the   Past    and    Present.*      (76)      July    15. 

Ingot  Iron.      (Manufactured  by  American  Rolling  Mill  Co.)*      (15)      July  18. 

Spring   Design.*      J.    St.    Vincent    Pletts.      (12)      July    18. 

The  Works  of  Messrs.  Ransomes  and  Rapier.   Limited.*      (11)      July   18. 

A  Floating  Pneumatic  Elevating  and  Grain  Discharging  Plant.*  Frederick  C.  Cole- 
man.     (46)      July   19. 

*  Illustrated. 
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Mechanical  — (Continued) . 

A  Machino  for  Ulowiug  Window  Glass.*      (46)      July  19. 

The    Scientific    Advancement    of    the    Canning    Industry.*      R.    T.     Mohan.      (Paper 

read  before  the  Canadian   Section  of  the  Society  of  Chemical   Industry.)      (19) 

July    19. 
The    Principles    of    Fuel    Oil    Engines.*      C.    F.    Hirshfeld.      (Paper    read    before    the 

Society  of  Agricultural  Engrs.)       (19)      Serial  beginning  July  19. 
Improved    Methods   of   Connecting   Small   Turbines   in   Steam    Power   Plants   and    Ex- 
haust Steam  Heating  and  Drying  Systems.*     George  H.  Gibson.      (62)      July  21; 

(98)      Apr. 
The   Big   Ford   Gas   Engine.*      F.    R.   Low.      (64)      July   22. 
Duchesne's  Experiments  on  Superheat.      R.  C.  H.  Hock.      (64)      July  22. 
Heat-Treated   Automobile   Frame    Steel.*      D.    K.    Bullens.      (20)      July    24. 
Machining  and  Assembling  Automobile  Engines,  Continental  Motor  Mfg.  Co.*     Harry 

C.   Spillman.      (20)      July  24. 
The    Production    of    Synthetic    Ammonia.*      F.    Haber    and    R.    Le    Rossignol.      (Ab- 
stract from  Journal,  Society  of  Chemical   Industry.)       (19)      July  26. 
Duplex    vs.   Straight-Line  Construction  in  Air  Compressors.*      R.   L.   Doncon.      (62) 

July   2S. 
Removal    of    Carbon    Bisulphide    by    Hot    Purification    (Purification    of    Coal    Gas).* 

Charles  C.   Carpenter.      (Paper   read  before  the  Soc.  Tech.  du  Gaz  en  France.) 

(24)      July    28. 
The    Flat-Curve   Engine.*      A.    D.    Skinner.      (64)      July    29. 

Economv  of  Compression  in  Steam  Engines.  Robert  R.  Fisher.  (64)  July  29. 
Effect  of  Variable  Load  on  Gas  Producers.  Reginald  Trautschold.  (64)  July  29. 
Machines  Rotatives  a  Tres  Grandes  Vitesses   (Turbines,  Compresseurs  et  Dynamos).* 

Maurice  Leblanc.      (32)      Feb. 
Les    Dirigeables    Rigides    Spiess    et    Zeppelin:    Les    Flottes    Afiriennes    Francaise    et 

Allemande.*     G.  Espitallier.     (33)     Mar.  17. 
Thgorie  Generale  des  Regimes  de  I'Aeroplane.*      Georges  de  Bothezat.      (37)      Apr. 
Examen  de  la  Methode  du  Professeur  Clayton  pour  I'Etude  des  Machines  a.  Vapetur  k 

Piston.     Dwelshauvers-Dery.      (37)      Apr. 
Freins  Hydrauliques  pour  I'Etude  des  Turbines  k  Vapeur.*     A.  Rateau.      (32)      Apr. 
De  I'Ecrouissage.      P.  Galy-Ache.      (93)      May. 
Sur   I'Ecrouissage.*      Hanrict.      (93)      May. 

Recherches  sur  le  Recuit  des  Produits  Ecrouis.     L6on  Guillet.      (93)      May. 
Causes    et    Effets    des    Allumages    Prematures    dans    les    Moteurs    a.    Explosion    et    k 

Combustion.*     L.  Letombe.      (32)      May. 
Presse  Hydraulique  de  80  Tonnes  pour  Essais  de  Mat6riaux ;    Systfeme  Ch.   Monin.* 

(34)      May. 
Chaudifires  a  Vapeur  pour  Brfller  le     Fraisil  des  Boites  a  FurnSe.*      (34)      May. 
Le    R61e    des    Basses    Temperatures    dans    I'lndustrie    de    la    Fixation    de    I'Azote.* 

Georges  Claude.      (32)      May. 
Sur    la    Possibility    de    Quelques    Perfectionnements    a    I'Aeroplane.*       L.    Constantin. 

(32)      May. 
Marteaux-Pilons   Pneumatiques.*      A.    Ihne.      (37)      May. 
R§sultats   d'Essais  de   Condenseurs   a  Surface   Ex6cut6s   a   la   Centrale  Electrique  de 

Feijenoord,  prfes  Rotterdam.*      (37)      June. 
Laminoir   Reversible   a   Commande   Electrique   de    la   Skinningrove    Iron   Co.    (Angle- 

terre).*      (33)      May   17. 
L'Ejectair   Breguet.*      Maurice   Delaporte.      (92)    June;    (32)    May. 
Le  Funiculaire  Aerien  a  Voyageurs  de  Lana  au  Vigil.ioch   (Tyrol).*      (33)      June  7. 
Le    le""    Congrfis    Frangais    et    I'Exposition    de    Fonderie,    1913.*       P.    Calfas.       (33) 

June   7. 
Contribution    a    I'Etude    de    I'lnfluence    du    Recuit    sur    la    Structure    des    Alllages.* 

A.  Portevin.      (93)     June. 
Recherches  sur  le  Developpement  des  Grains  des  Metaux  par  Recuit  aprds  Ecrouis- 

sage.*      Felix   Robin.      (93)      June. 
Developpement  des  Grains  de  Recuit  dans  les  Alllages.*     Felix  Robin.      (93)      June. 
Influence  de  I'Etirage  sur  les  Proprietes  des  Produits  M^tallurgiques.     L6on  Guillet. 

(93)      June. 
La    Construction    des   Hydroaeroplanes;    Concours    de    Monaco    (April,    1913)    et    de 

Deauville    (Aoflt,    1913.)*      A.    Delaunay.      (33)      Serial   beginning   June   21. 
Nouveaux    Perfectionnements   dans   la   Fabrication   du   Coke.*      Henry   Thiry.       (93) 

July. 
Les   Alllages   d'Aluminum   et   de   Zinc*      Rosenhain    et   Archbutt.      (93)      July. 
Die  Erzeugung  von   Zusatzwasser   zur  Kesselspeisung   durch   Verdampferapparate   im 

Betriebe  orttester  Aniagen.*      A.   Hopfl.      (48)      Mar.   22. 
Versuche    iiber    den    Kraftverbrauch    von    Fordermitteln.*      Georg    von    Hanffstengel. 

(48)      Mar.   22. 
Die    Herstellung    kinematographischer    Bilder    in    Fabriken.*       G.    A.    Fritze.      (48) 

Mar.   22. 
Die  DurchfUhrung  und  das  Ergebnls  des  'Wettbewerbes  um  den  Kalserpreis  fiir  den 

besten    deutschen    Flugzeugmotor.*       F.     Bendemann.      (48)      Serial    beginning 

Mar.   29. 
Neuerungen  im  Bau  von  Loffelbaggern.*      R.   Richter.      (48)      Mar.   29. 

*  Illustrated. 
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Alechanical    (Continued). 

Ueber  die  statische  Liingsstabilitiit  der  Drachenflugzeuge.*     Carl  Wieselsberger.    (48) 

Mar.   29. 
Die  Neuere  Entwicklung  des  Schaufelbaggers.*      Hubert  Hermanns.      (S3)      Apr.  4. 
Diagranim-Charaktcristiken.*       Bruno    Leiuweber.      (48)      Apr.    5. 
Kalt-Krelssageniaschinen   mit  hoher  Arbeitaleistung.      (48)      Apr.    12. 
Die  Kohlenforder-  und  Stapclaulagen  der  Soc.  Anon,  les  Transport  de  Savone.     Albert 

Pietrkowski.      (4S)      Apr.   12. 
Elnheltsfarben    zur    Kennzeichnung    von    Rohrleitungen    in    industriellen    Betrieben. 

(7)      Apr,   19. 
Zur    Berechnung    von    Sctiutzbriicken    fiir    Drahtseilschwebebahnen.      Walter    Miiller. 

(40)      Apr.   19. 
Schwlnden   und   Lunkern   des    Eisens.*      (50)      Apr.    24. 

Die  Unterkiihluug  beim  Ausfluss  gesattigten  Dampfes.*     A.  Stodola.      (107)      Apr.  26. 
Neuere   amerikanische   Verladeanlagen   fiir   Erze   und   Kohlen.*      A.    Bergman.      (48) 

Serial   beginning  Apr.   26. 
Die   Adolf-Emil-Hutte   in   Esch.*      (50)      May   1. 
Die   Luftschiffhalle   im   Luftschiffhafen   zu   Potsdam   ausgefiihrt   von   der   Maschinen- 

fabrik   Augsburg-NUrnterg,   A.-G.,   Werk   Gustavsburg.*       (48)      May   3. 
Zeichnerische     Uutersucliung     der     Gemischbildung     in     Gasmaschinen.*       J.     Magg. 

(48)      May  3. 
Die  Schiwebebahn  Lana-Vigiljoch.*  G.  Fuhles.      (48)      Serial  beginning  May  10. 
Koksersparnisse  bei  Zentralheizung.      G.  de  Grahl.      (7)      May   17. 
Schotteuofen    und   Oefen   zum   Brennen   von    Brechschutt.*       (80)      May    24. 
Ueber    die    Grundlagen    zur    Ermittlung   des    Arbeitsbedarfes    beim    Schmieden    unter 

der   Presse.*      Fr.    Riedel.      (48)         May   31. 
Die    Grundlagen    fiir    die    Entwicklung    der    Flugtechnlk    im    Jahre    1913.*      Roland 

Eisenlohr.      (48)      May    31. 
Die    Fortschritte    deutscher    Stahlwerke    bei    der    Herstellung    hochlegierter    Schnell- 

arbeitsstahle.      G.   Schlesinger.      (50)      June  5. 
Motorwagen    rait    Vierraderantrieb.*      A.    Heller.      (48)      June    7. 

Amerikanische   Setzmaschinen.*      R.    Neumann    and    R.    Blumenfeld.      (48)      June    7. 
Ueber    die    Gewiunung    vou    Ammoniumsulfat    mit    Hilfe    des    in    den    Kokereigasen 

enthaltenen    Schwefels.*      J.    Reichel.      (50)      Serial    beginning    June    12. 
Ueber   die   Entwicklung  der   Gasofen   zum   Brennen   von   Kalk.      A.    Mendheim.      (80) 

June    14. 
Abdampfverwertung.*      Fritz  L.  Richter.      (41)      June  19. 
Die     Messung     des      Kohlenverbrauchs     von      Drehrohrofen     durch     die     Rauchgas- 

Analyse.     Hans  Kuhl  und  Wilhelm  Michaelis.      (80)      June  21. 
Ein    Beitrag    zur    Frage    der    Heizflachenbewertung   bei    gusseisernen    Gliederkesseln. 

O.   Steinhaus.      (7)      June  21. 
Dampfverbrauch   einer   Kalksandsteinfabrik.*      A.   Riister.      (80)      June   26. 
Elektrische   Walzenstrassenantriebe.*      C.    Hahn.      (41)      Serial   beginning   July   3. 
Hulett-Entlader    und     ihre    Verwendbarkeit     in     Deutschland.*       Richard     Borchers. 

(50)      July  3. 
Ueber    Walzenzugmaschinen.*      C.    Kiesselbach.      (50)      July    17. 

Metallurgical. 

Electrical  Fume-Precipitation.*      F.  G.  Cottrell.      (56)      Vol.  43. 

The  Decomposition  of  Metallic  Sulphates  at  Elevated  Temperatures  in  a  Current 
of  Dry  Air.*      H.  O.  Hofman   and  W.  Wanjukow.      (56)      Vol.   43. 

The  Direct  Determination  of  Small  Amounts  of  Platinum  in  Ores  and  Bullion. 
Frederic  P.   Dewey.      (56)      Vol.   43. 

The  Solubility  in  Nitric  Acid  of  Gold  Contained  in  Certain  Copper-Alloys  (Copper- 
Bullions.)      Edward   Keller.      (56)      Vol.   43. 

Abrasion  and  Dust-Losses  in  Ore-Drying.*  Carl  F.  Dietz  and  Dyke  V.  Keedy. 
(56)      Vol.  43. 

The  Sintering  of  Fine  Iron-Bearing  Materials  by  the  Dwight  &  Lloyd  Process.* 
B.  G.  Klugh.      (56)      Vol.  43. 

Electrostatic  (Concentration  on  Separation  of  Ores.*  Henry  A.  Wentworth.  (56) 
Vol.  43. 

The    James    Diagonal-Plane    Slimer.*      S.    Arthur    Krom.      (56)      Vol.    43. 

The   Refining  of   Blister-Copper.      Horace  H.    Emrich.      (56)      Vol.    43. 

The  Treatment  of  Complex  Silver-Ore  at  the  Lucky-Tiger  Mine,  El  Tigre,  Sonora, 
Mexico.*      D.  L.  H.   Forbes.      (56)      Vol.  43. 

Ore-Treatment  at  Republic,  Wash.*      Francis  A.   Thomson.      (56)      Vol.   43. 

The  No.  2  Unit  of  the  Mill  of  the  Bunker  Hill  Sullivan  Mining  &  Contracting  Co. 
R.    S.   Handy.      (56)      Vol.   43. 

The  Macquister-Tube  Flotation   Process.*      O.   B.  Hafstrand.      (56)      Vol.   43. 

The  San  Poll  Mill,   Republic,  Wash.      Edward  C.   Morse.      (56)      Vol.  43. 

The  Chemistry  of  Tungsten.  Chas.  Baskerville.  (Abstracts  of  a  paper  read  be- 
fore the  New  York  Elec.  Soc.)      (105)      May. 

Manhattan    Ore   Milling   Co.'s   Mill,   Nevada.*      J.    0.    Kennedy.      (82)      May    3. 

*  Illustrated. 
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Metallurgical— ( Continued ) . 

Continuous   Agitation   at  the  West   End   Mill,    Tonopali.*      Jay  A.   Carpenter.      (103) 

May  3. 
Concentration  of  Low-Grade  Iron  Ores.*     Frank  E.  Shephard.      (82)      May  10. 
The    Analysis    of    Smelter    Contracts.      Gelasio    Caetani.       (Paper    read    at    Harvard 

University.)       (103)      Serial   beginning  May   10. 
Aluminium   Precipitation    at   Nipissing.*      E.   M.    Hamilton.      (16)      May   10. 
Dust   Determination    for    Blast-Furnace   Gas.      Everard    Brown.      (64)      May   13. 
Smelting   Raw   Black   Jack   in   the   Fink   Smelter.*      H.    B.    Pulsifer.      (82)      May   17. 
Cyaniding  at  Grass  Valley,  California.*      Herbert  A.  Megraw.      (16)      May  17. 
Grinding  Pans  at  Kalgoorlie.*     M.  W.  von  Bernewitz.      (103)      May  17. 
The  Pinder-Berry  Stamp-Mill.*      S.  L.   Berry.      (103)      May  17. 
The   Copper   Smeltery   of   the   U.    S.   Metals    Refining  Co.*      Richard   H.   Vail.      (16) 

May  24. 
Grading    Analyses    and    Their    Application    to    Cyanidation.      John    W.    Bell.       (From 

Bulletin,  Canadian  Min.   Inst.,  March,  1913.)       (16)      May  24. 
Blanket   Concentration   of   Cyanide  Solutions.*      John   Gross.      (103)      May   24. 
Zinc-Dust  Precipitation  at  Cerro  Prieto.*     H.  S.  Monroe.      (16)     May  31. 
The    Electric    Furnace    for    Zinc    Smelting.*      Peter    E.    Peterson.      (82)      Serial    be- 
ginning May   31. 
Copper   Smelting   Operations   of   the   Santa   Fe   Gold    and   Mining   Co.*      Clarence   T. 

Emrich.      (lOS)      June. 
Zinc-DuSt    Precipitation    Equipment.*      Donald    F.    Irvin.      (103)      June    7. 
Slow-Speed   Milling.      E.    B.    Carter.      (103)      June  7. 

Selection  and  Operation  of  Tube  Mills.*      A.  M.  Merton.      (82)      June  14. 
Conditions  Governing  Washing  of  Filter  Cakes.*     A.  W.  Warwick.      (82)      June  14. 
Continuous    Agitation    with    Barren    Cyanide    Solution.*      C.    F.    Spaulding.       (103) 

June  21. 
Milling    in    Southeastern    Missouri.*       Claude    T.     Rice.       (16)       Serial    beginning 

June  21. 
The  Action  of  Oxidizers  in  Cyaniding.     Morris  Green.      (From  Journal,  Chem.   Met. 

and  Min.  Soc,  South  Africa.)       (16)      June  21. 
Lubrication  at  Steptoe  Concentrator.     A.  G.  Marsh.      (16)      June  21. 
Alloying  of  Aluminum.      C.   H.    Ivinson.      (Paper   read  before  the   British   Foundry- 
men's  Assoc.)      (47)     June  27. 
Electric  Smelting  as  Conducted  at  Heroult.     John  Crawford,  Jr.      (Abstract  of  paper 

read   before   the   Min.    Congress  of   Northern   California   and    Southern    Oregon.) 

(103)   June  28;    (105)   July. 
Lowering  Furnace-Flux  Costs    (for  Smelting).      C.  A.   Tupper.      (82)      June  28. 
Specifications  and  Tests  for  Zinc  Dust.     A.  M.  Merton.      (82)      June  28. 
Smelting  in  Shaft  Furnaces  at  Great  Altitudes.     Vincente  Pazos  y  Sacio.      (6)      July. 
Notes  on  Alloy  Steels.      H.  C.  Williamson.      (108)      July. 
Electro-Analysis  of  the  Copper  Alloys.*     J.  G.  Fairchild.      (105)      July. 
Cyanide  Practice  in  the  Black  Hills,  South  Dakota.     H.  C.  Parmelee.      (105)      Serial 

beginning  July. 
The   Purification   of   Blast   Furnace  Gases.*      C.   Herwegh.      (Paper   read   before   the 

SocitH6  Industrielle  de  I'Est.)      (105)      July. 
The   Gold   Road   Cyanide   Mill,   Arizona.*      Herbert   A.    Megraw.      (16)      July    5. 
The    Kedabeg    Copper-Smelting    Works.*      O.    H.    Hahn.       (From    Gliickauf.)      (16) 

July    5. 
.A.  Simple  Plant  for  Testing  Efficiency.*     A.  T.  Tye.      (103)      July  12. 
The  Electrolytic  Refinery  at  Trail,  B.  C*      (82)      July  12. 
Principles  and  Methods  of  Ore  Testing.      I.   F.  Laucks.      (16)      July  12. 
Blast  Quantity  and  Pressure  in  Cupola  Working.     F.  J.  Cook.      (Paper  read  before 

the  British  Foundrymen's  Assoc.)      (47)      July  18. 
Underestimating    the    Cost    of    Milling    Plants.      A.    Sydney    Additon.      (103)      Serial 

beginning  July  19. 
The  Svinmes  Agitator.*     Whitman  Svmmes.      (103)      July  19. 
Lead   Refining  Plant  at  South  Chicago.*   H.   B.  Pulsifer.      (82)      July  26. 
Les    Hauts-Fourneaux    Electriques    de   Trollhattan    et    Hagfors    (Suede).      P.    Nicou. 

(93)      June. 
Die   Entschwefelung   des   Eisens,    ihre   Gesetze   und   deren    Anwendung.*      W.    Helke. 

(50)      Serial   beginning  May  8. 
Grundlagen  fiir  das   richtige   Entwerfen  von  Ofenanlagen.*      (50)      Serial   beginning 

May  22. 
Verwendung  und   neuere  Anordnung  der  Zweischienenhangebahn.      Engelbert   Leber. 

(50)      May   29. 
Ueber    Mittel     zur    Verhiltung    von     Rohelsendurchbriichen     bel     Hochofen.*      (50) 

June  12. 
Ueber      eine      bemerkenswerte      Kupolofen-Explosien.*      Richard      Fichtner.         (SO) 

June  26. 
Kupolofenanlange   mit   kippbaren   Vorherden.*      Edmund    Neufang.      (50)      June    26. 
Ein    neuzeitliches   Gasumsteuerventil    fiir   Regenerativofen.*      W.    Reitmeister.      (50) 

July  3. 
Die  Fortschritte  deutscher  Stahlwerke  bei   der  Herstellung  Hochlegierter  Schnellar- 

beitsstahle.*      G.   Schlesinger.      (SO)      July   17. 

•Illustrated. 
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Military. 

Sea  and  Air  Command,  Germany's  New  Policy  In   Its  Relation  to  the   British   Naval 

Supremacy.*      (From   the  Fortnightly  Review.)  (19)      June   21. 

.A.  Two-Company  Field  Work.*     F.  B.  Wllby.      (100)  July. 

Mining. 

Electric  Hoist  at  Hecla  Mine,  Burke,  Idaho.*     E.  M.  Murphy.      (56)      Vol.  43. 
Efficiency-Engineering  Applied  to  Mining.     Glenville  A.  Collins.      (56)      Vol.  43. 
Mlning-.Methods   at    Nacozari,    Sonora,    Mexico.*      D.    C.    Livingston.      (56)      Vol.    43. 
Replaceable  Lips  for  Elevator-Buckets.*      II.  J.   Maguire.      (56)      Vol.  43. 
A  New  Electric  Miners'  Lamp.*      D.  B.   Rushmore.      (56)      Vol.  43. 
Suggestions   on    the   Development   of   New   Colliery    Districts,    with   Special    Reference 
to   the   Support   of   the   Surface.*      Hubert    Bradshaw.       (Paper    read   before   the 
South   Staffordshire   and   Warwickshire   Inst,   of  Min.   Engrs.)       (106)      Vol.   45, 
Pt.   2. 
Testing  of  Fans:  A  Plea  for  Standardized  Test  Conditions.*      John  Watson.      (Paper 

read  before  the  Min.    Inst,    of   Scotland.)       (106)      Vol.   45,    Pt.    2. 
Some    Recent    Experiments    with    Internal    Pressure   in    Pneumatophors.*      Harold    C. 
Jenkins.       (Paper    read   before   the   South   Staffordshire   and    Warwickshire   Inst, 
of  Min.  Engrs.)      (106)      Vol.  45,  Pt.  2. 
Fire-Damp   in  Coal  Mines.      John   Harger.      (Paper  read  before  the  Manchester  Geo- 
logical and  Min.  Soc.)      (106)      Vol.  45,   Pt.  2. 
An    Address    to    Practical    Men,    Being    Some    Further    Notes    on    the    Combustion    of 
Oxygen    and    Coal-Dust    in    Mines.      W.    C.    Blackett.       (Paper    read    before    the 
North   of   England   Inst,   of  Min.   and    Mech.   Engrs.)       (106)      Vol.    45,    Pt.   2. 
The   Lighting    Efficiency   of   Safety-Lamps.*      T.    A.    Saint.       (Paper    read    before    the 

•North  of  England  Inst,  of  Min.   and   Mech.   Engrs.)       (106)      Vol.   45,   Pt.   2. 
The  Electrification  of  Cannock  Chase  Colliery.*      S.  F.  Sopwith.      (Paper  read  before 
the   South   Staffordshire   and   Warwickshire   Inst,   of   Min.   Engrs.)       (106)      Vol. 
45,   Pt.  2. 
Rearer   Workings   at    Podmore    Hall    Collieries    with    Special    Reference    to    Alluvium 
Saturated     with     Water.       William     Barber.        (Paper     read    before    the     North 
Staffordshire  lust,  of  Min.  and  Mech.   Engrs.)       (106)      Vol.   45,  Pt.   2. 
Underground    Fires.       (In    Mines.)*      Henry    Rowan.       (Paper    read    before    the    Min. 

Inst,  of  Scotland.)       (106)      Vol.  45,  Pt.  2. 
Timber  Recovery   in   Square-Set   Mines.*      Clarence  L.   Larson.      (82)      May. 
Mining  Loads  for  Central  Stations.*     Wilfred  Sykes  and  Graham  Bright.     (42)     May. 
The  Hollinger  Gold  Mines,  Ltd..  Ontario.*      P.  A.   Robbins.      (82)      May  3. 
Rand  Practice  in   Deep  Shaft-Sinking.     Charles   B.   Brodigan.      (103)      May  3. 
Notes    on    Colliery    Generating    Plant.*      W.    Bolton    Shaw.       (Paper    read    before    the 

Assoc,  of  Min.  Elec.  Engrs.)      (22)      May  9. 
The  "Bayley"   Overwind  Preventer.*      (57)      May   9. 
Montreal  Iron  Mine,   Gogebic  Range.*      (16)      May  10. 
Tests  to  Determine  the  Proper  Selection  of  Explosives.      (14)      May  10. 
Progress  in  Mining  at  the  Chino  Mine.      D.  C.  Jackling.      (103)      May  10. 
The  Rico   Mining   District,   Colorado.*      Etienne   A.   Ritter.      (82)      May   10. 
The  Principles  of  Mine  Valuation.     James  R.  Finlay.      (82)      May  10. 
Aerial  Ropeway  at  Bayton  Colliery.*      (11)      May  16. 
The  Oil-Fields  of  Burma.*      N.  G.  Cholmeley.      (29)      May  16. 
Electric  Winding  at  the  West  Rand  Mines,  South  Africa.*      (27)      May  17. 
Operation    of   the   Tonopah    Belmont    Mine,    Nevada.*      Frederick    Bradshaw.       (103) 

.May   17. 
Bailing  Through   an   Untimbered   Shaft.      Douglas  Muir.      (16)      May   17. 
The    Production,    Transmission,   and   Application   of   Power   at   Collieries   in   Scotland. 
W.    H.   Telfer.      (Paper   read   before  the   National   Assoc,   of   Colliery   Managers 
and  Assoc,   of  Min.   Elec.   Engrs.)       (22)      May  23. 
Ignition    of   Mine   Gases   by    the   Filaments   of    Incandescent   Lamps.*      H.    H.    Clark 
and  L.  C.   Ilsley.      (From  Bulletin  52,  U.  S.  Bureau  of  Mines.)       (22)      May  23. 
Compres.sed-Air    Pit-Locomotives    (for   Mines).      T.    Ciller.       (Paper    read   before   the 

Soc.    of   German    Engrs.)      (57)      May   23. 
The    Cadebv    Main    Colliery    Explosion.*        (Report    of    Chf.     Inspector    of    Mines.) 

(57)    Serial  beginning  May  23;    (22)    May  16. 
The  Valuation  of  Mines.     T.  A.  Rlckard.      (Paper  read  at  Harvard  and  California 

Universities.)       (103)      May   24. 
Fire    Protection    and    Fire-Prooflng    in    Mines.      Herbert    M.    Wilson.       (Paper    read 
before   the   Fuel   Conference,    Univ.   of   Illinois.)     (103)    May   24;    (19)    June   28. 
A  Study  of  Riffles   for  Hydraulicking.*      Pierre   Bonery.      (16)      May   24. 
Operations  of  the  Ray  Consolidated.*      D.   C.   Jackling.      (103)      May   24. 
Underground   Conveying.*      Sam   Mavor.      (Paper   read   before  the   South   Wales  Inst. 

of   Engrs.)       (57)      Serial   beginning  May  30. 
The   "Briton"   .\utomatic  Water  Spray   for  Hammer  Drills.*      (22)      May  30. 
Natoma  No.   10.  an  All  Steel  Dredge.*      Lewis  H.   Eddy.      (16)      May  31. 
Cost  of  Working  Thin  Veins  at  the  Standard  Consolidated  Mine.     C.  E.  Grunsky,  Jr. 

(103)      May  31. 
Recent    Development    at    Utah    Copper    Company    Mines.      D.    C.    Jackling.      (103) 
May  31. 
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Mining— (Continued). 

The  Year's  Improvement  and  Progress  at  Anaconda.*  B.  B.  Thayer.  (103) 
May  31. 

Mining  the  Prince  Consolidated  Ores.*      D.  W.  Jessup.      (103)      May  31. 

Gas  Power  for  Collieries.*     Sydney  F.  Walker.      (45)      June. 

Concrete  in  Mine  Construction.  A.  F.  Allard.  (Paper  read  before  the  Mining 
Conference.)       (45)   June;   (13)   June  5. 

Fire  Protection  of  Mines.  G.  E.  Lyman.  (Paper  read  before  the  Mining  Con- 
ference.)     (45)      June. 

The  Cincinnati   Mine  Disaster.*      William  Z.   Price.      (45)      June. 

Longwall  Mining  in  Illinois.*  S.  M.  Dalzell.  (Paper  read  before  the  Mining  Con- 
ference.)      (45)      June. 

Steel  in  Mine  Construction.  Carl  Scholz.  (Abstract  of  paper  read  before  the 
Interstate  Mining  Congress.)       (62)    June  2;    (13)   June  5. 

A  Study  of  the  Cost  Per  Ton  of  Rock  Mining  at  Eight  Mines  in  the  Joplin.  Mo., 
District.  Charles  W.  Burgess.  (From  Colorado  School  of  Mines  MagaziTie.) 
(86)       June   4. 

Active  Iron  Mines  on  Michigan  Ranges.*      Geo.  E.  Edwards.      (82)      June  7. 

Development   and   Problems   in   the   Yukon.      Henry   M.    Payne.      (82)      June   7. 

Works  of  the   Seoul   Mining   Company,   Korea.*      (103)      June   7. 

Special  American  Drills  for  Deep  Rock  Cutting.*      (12)      June  13. 

The  Year  at  Cananea.*      L.  D.   Ricketts.      (103)      June  14. 

Properties  of  Mines  Company  of  America.      Charles  Biesel.      (103)      June  14. 

Development  of  Coaldust  Explosions.  (Report  of  the  Explosions  in  Mines  Commit- 
tee.)      (57)      June  20  ;    (22)    June  20 ;    (12)    June  20. 

The  Measurement  of  Air  in  Mines.*  Henry  Louis.  (Paper  read  before  the 
Northumberland  and  Durham  Assoc,  of  Colliery  Under-Managers.)  (57) 
June  20. 

Development  of  the  Wisconsin  Zinc  Field.*  H.  B.  Pulsifer.  (82)  Serial  begin- 
ning June  21. 

Modern  Steel-Tipple  Design.*  John  A.  Garcia.  (Abstract  of  paper  read  before  the 
Mining  Conference  at  the  Univ.  of  111.)      (13)      June  26. 

Electrical  Distribution  for  Mines.  J.  W.  Anson.  (Abstract  of  paper  read  before 
the  South  African  Inst,  of  Elec.   Engrs.)       (73)      June  27. 

The  Sulphur  Industry  of  Sicily.  Juan  Blanquier.  (From  Boletin  de  la  Sociedad 
Nacional  de  Mineria.)       (68)      June  28. 

Uses  of  Steel  Ties  in  Mining.  J.  Clark  Evans.  (Paper  read  before  the  West  Vir- 
ginia Mining  Inst.)      (62)      June  30. 

An  Ideal  Method  of  Mining.*      J.  C.   Edwards  and  H.  M.   Gibb.      (45)      July. 

A   Notable  Scottish   Colliery.*      (45)      July. 

Coal    Mine    Fires.       (45)      July. 

Recent  Experience  on  the  Ignition  of  Firedamp  by  Electric  Lamp  Filaments.*  Jean 
Mennier.      (22)      July   4. 

New   Pits  of  the   Warwickshire   Coal   Company.    Limited.*      (22)      July   11. 

Framing  Shaft  Timber  Sets  by  Machinery  (for  Mines).*  Claude  T.  Rice.  (82) 
July    12. 

Gasoline  Motors  in  Coal  Mines.  R.  O.  Hodges.  (Abstract  of  paper  read  before 
the  West  Virginia  Coal  Min.   Inst.)      (62)      July  14. 

Askern   Colliery.*      (22)      July   18. 

The  Magnet  Silver-Lead  Mine  Tasmania.  P.  G.  Tait.  (Abstract  from  Mining  and 
Engineering   Rcvitnc.)       (103)      July   19. 

Tungsten   in  Boulder  County,   Colorado.*     Leroy  A.   Palmer.      (16)      July  19. 

The  Newer  Developments  at  Butte  Mines.*  Claude  T.  Rice.  (82)  Serial  beginning 
July   19. 

Traction  Souterraine  par  Locomotives  ^  Air  Comprimg,  aux  Mines  de  Dourges  (Pas- 
de-Calais).*    (34)      Serial   beginning   June. 

L'Exploitation  des  Gisements  Diamantif^res  de  I'Afrique  Australe.*  Jean  Escard. 
[33)      June  14. 

Distribution  d'Electricitfi  et  d'Air  Comprimfi  aux  Mines  d'Or  du  Rand  (Afrique 
Australe)  ;  Station  Centrale  de  Rosherville.*      (33)      June  28. 

Erzbunker  aus  Eisenbeton.      Kupfer.      (80)      Apr.   20. 

Miscellaneous. 

The  Importance  of  Meterological  Data  in  Engineering.     George  S.  Bliss.      (2)      Apr. 

The  Regulation  of  Public  Utilities  in  Wisconsin.     Halford  Erickson.      (41)      May. 

Rates  and  Rate  Making.  John  F.  Druar.  (Paper  read  before  the  Civ.  Engrs.'  See. 
of  St.   Paul.)      (1)      May. 

Note  on  the  Construction  of  Thermopiles  for  Monochromatic  Illuminators.  W.  W. 
Coblentz.      (3)      .May. 

Depreciation  and  Public  Service  Regulation.     Robert  H.  Whitten.      (13)      May  8. 

The  Stroboscope  in  Speed  Measurements  and  Other  Engineering  Tests.*  David 
Robertson.  (Paper  read  before  the  Inst,  of  Engrs.  and  Shipbuilders  in  Scot- 
land.)     (47)      Serial  beginning  May  9. 

The  Engineer  and  His  Profession.  A.  J.  Himes,  M.  Am.  See.  C.  E.  (From  the 
Case   Tech.)       (36)      June. 

*Illustrated. 
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Miscellaneous  — (Continued). 

The   Latest    Developinont    in    Motion   Study.*     Fred  H.   Colvln.      (72)      June  5. 
Recovery    of   Liquidated    Damages;    Isthmian    Canal    Case.     William    B.    King.      (14) 

June  7. 
An   English  View  of  Registration  of  Engineers.      (14)      June  7. 
Engineering    Applications    of    Geology.      Edwin    C.     Eckel.      (14)      Serial    beginning 

June  14. 
The    Relations   of   the   Consulting   Engineer    and    the    Municipal    Engineer.     H.    C.    H. 

Shenton.     (Paper  read   before  the   Institution   of   Mun.   Engrs.)       (104)      July   4. 
Code  of  Ethics  of  the  Pacific  Northwest  Society  of  Engineers.      (14)      July  12. 
The  Reflector,   the  Telescope  of  the  Future.*    Edward  Arthur  Fath.      (46)      July  12. 
Safety  Engineering.*     G.  Gilmour.      (From  The  Travelers  Standard.)      (19)      July  19. 
State    Official     Cooperation    to    Secure    Proper    Valuation    Under    Act    of    Congress, 

Mar.    1,    1913,      D.   F.   Jurgensen.      (Paper  read  before  the  Civil   Engrs.    Soc.   of 

St.   Paul.)       (1)      July. 

Municipal. 

The  County  Roads  Act  of  Victoria,  Australia.     (104)      Apr.  25. 

Natural    and   Artificial    Bitumens.       (104)       Apr.    25. 

The   Planning  of  City  Streets.*    B.  Antrim  Haldeman.     (58)      May. 

Congestion  of  Trafllc  on  Fifth  Avenue.   New  York.      (60)      May. 

Pavements  in  Peoria.  Illinois.*     J.  B.  Jeffries.      (60)      May. 

Cost  of  Asphalt   Repairs.*      (60)      May. 

Limitations  of  Bituminous  Carpet  Surfaces.  A.  W.  Dean.  (Paper  read  before  the 
Am.    Assoc,    for  the   .\dvancement   of   Science.)       (96)      May   1. 

Costs  of  Concrete  Pavements.  C.  M.  Boynton.  (Paper  read  before  the  Am.  Soc.  of 
Engrs.   and  Contractors.)       (96)      May  1. 

Highway   Maintenance  Costs   in    Foreign   Countries.      (86)      May   7. 

Instruction  for  Building  State  Aid  Roads  in  Wisconsin.  (Brdletin,  Wisconsin  High- 
way Comm.)       (86)      May  7. 

The  Specifications  of  the  Illinois  Highwav  Commission  for  Concrete  Road  Construc- 
tion.     (86)      May  7. 

Municipal  Work  In  Newcastle-upon-Tyne.  W.  J.  Steele,  M.  Inst.,  C.  E.  (Paper 
read  before  the  Institution  of  Mun.  and  County  Engrs.)  (104)  Serial  be- 
ginning May  9. 

Scientific  City  Planning.  Geo.  B.  Ford.  (Paper  read  before  the  Fifth  National  Con- 
ference on  City  Planning.)       (86)      May  14. 

Maintenance  of  Sheet   Asphalt   Pavements.    Francis  P.   Smith.      (96)      May  15. 

Method  and  Cost  of  Asphaltic  Macadam  Construction  on  the  Boulevard  System  of 
Kansas  City.   Mo.*     C.   W.   Redpath.      (86)      May  21. 

Superelevation  at  Bends  on  Roads.  Reginald  Ryves,  Assoc.  M.  Inst.  C.  E.  (104) 
May  23. 

Oiled   Macadam   for   Residence  Streets   in   San  Bernardino.*      (14)      May   24. 

Bituminous  Mac.idam  Construction  by  the  Illinois  Highway  Commission.*  (86) 
Serial  beginning  May  2S  :    (96)    June  2f). 

Highway  Construction  with  Paint  Binder  and  Its  Sheet  Asphalt  Surface.  A.  E. 
Loder.     (Abstract   from   Bulletin.   California   Highway   Comm.)       (86)      May   28. 

General  Instructions  to  Inspectors  of  Street  Paving  (Borough  of  Manhattan,  New 
York  City).     (13)      May  29. 

Improving   Desert   Roads    for   Motor-Truck   Haulage.      (13)      May   29. 

By-Pass  Roads,  the  Principles  Which  Should  Govern  Their  Alignment  and  Con- 
struction.    Reginald   Ryves.   Assoc.   M.    Inst.   C.   E.      (104)      May   30. 

Asphaltic  Concrete  as  a  Paving  Material  for  Residence  Streets,  Suburban  Districts 
and  Boulevards.  Linn  White.  (Paper  read  before  the  Civ.  Engrs.  Soc.  of 
St.   Paul.)       (1)      June. 

How  to  Obtain  Best  Results  from  Wood  Block  Pavements.  H.  L.  Collier.  (60) 
June. 

Concrete  Pavement  Failures.*      (60)      .lune. 

A  Five-Storied  Street,  an  Effective  and  Practical  Plan  for  Handling  the  Congested 
Traffic  in   Great  Cities.*    Henry  Harrison  Suplee.      (10)      June. 

Experimental  Road  Work  of  the  Public  Roads  Department  of  New  Jersey.  (86) 
June   4. 

Work  of  the  Efficiency  Division,  Chicago  Civil   Service  Commission.      (14)      June   7. 

Work   of  the   Philadelphia    Bureau   of  Highways.*      (14)      June   7. 

Maintenance  of  Country  Roads  in  Dundee  District.  James  B.  Robertson.  (Paper 
read  before  the  Institution  of  Municipal  and  County  Engrs.)      (104)      June  13. 

Road    Making    Development.      (104)      June    13. 

Rating  the   Efficiency  of  Municipal    Employees.      (14)      June   14. 

Sand-Clay  Road  Construction  in  Butler  County,  Alabama.  Geo.  C.  Scales.  (Ab- 
stract of  paper  read  before  the  Alabama  Assoc,  of  Highway  Engrs.)  (86) 
June   18. 

Road  Management.  Laurence  I.  Hewes.  (From  Bulletin,  U.  S.  Office  of  Public 
Roads.)       (86)      June    18. 

The  Land  Tax  Method  of  Raising  Funds  for  the  Park  and  Boulevard  System  of 
Kansas  City.  Mo.  George  E.  Kessler.  (Paper  read  before  the  National  Con- 
ference on  City  Planning.)      (86)      June  18. 
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At  unlcipal— (Continued). 

Tar-Spraying    and    Tar-Macadam    in    Situ.      Thomas    Aitlien,    M.    Inst.    C.    E.      (104) 

Serial   begiuninK   June   20. 
Specifications    of    the    Board    of    Local    Improvements,    Chicago,    111.,    for    Concrete 

Pavements.      (80)      June   25. 
The  Trend  of   Modern  Road  Construction.      R.   B.  Crompton  and  H.   Percy   Boulnols. 

(Paper  read  before  the  Roads  Improvement  Assoc.)       (104)      June  27. 
Inefficiency   in   Highway  Construction.      (14)      June  28. 
Chevy    Chase    E.\perimental    Concrete    Road :     Bituminous,    Oil-Cement    and    Plain 

Cement  Concrete   Highway   Pavement.*      (14)      June   28. 
St.    Louis   Plans    a    Central    Traffic   Parkway.*      (60)      July. 
The  Brick  Road  the  Cheapest  and  Most  Economical.      (60)      July. 
Concrete    Pavement    Construction.*      (60)      July. 

Sidewalk  Construction   (Specifications  for  Cement  Walks).      (67)        July. 
Wood  Block  Pavements   (with  Specifications).     Geo.  W.  Tillson.      (86)   July  2;   (96) 

July  24. 
The   Scientific   Selection   of   Pavements.      W.    W.    Crosby,   M.   Am.    Soc.    C.    E.       (96) 

July  3. 
Conclusions   Regarding   Macadam   Road    Construction.      (96)      July    3. 
Leek    and    Its    Municipal    Works.*      W.    E.    Beacham.      (Paper    read    before    the    In- 
stitution   of    Mun.    and    County    Engrs.)       (104)      Serial    beginning    July    4. 
Concrete    Pavements    and    Correct   Methods    of    Their    Construction.*     Morse- Warren 

Eng.   Co.      (86)      July   9. 
Convict   Labor   in   Highway   Construction.      Joseph   Hyde  Pratt.      (Paper   read   before 

the  Third  Inter.   Road  Congress.)       (86)      July  9. 
Central    Road    Authorities.     Paul    D.    Sargent.      (Paper    read    before    the    Third    In- 
ter. Road  Congress.)       (86)      July  9. 
Macadamized    Roads    Constructed    with    Tarry,    Bituminous    or    Asphaltic    Binders. 

A.  H.   Blanchard.      (Abstract  of  paper  read  before  the  Third  Inter.   Road  Con- 
gress.)     (96)      July  10. 
Why  Some   Municipal   Asphalt  Plants  Fail.   H.   B.    Pullar,  Assoc.   M.   Am.   Soc.   C.   E. 

(96)      July  10. 
Wire-Cut   Lug   Paving   Blocks.*    F.    B.   Marsh.      (14)      July   12. 
Reinforced    Concrete    Paving    at    Port    Huron,    Mich.*     Earle    R.    Whitmore.      (86) 

July  16. 
Observations  Noted  Since  1908  as  to  the  Various  Causes  of  Wear  and  Deterioration 

of    Roadway.    L.    I.    Hewes.     (Paper    read    before    the    Third    Inter.    Road    Con- 
gress.)      (86)      July  16. 
The  Penetration  Method  in  Macadam  Road  Construction.    W.  W.  Crosby.     (Abstract 

of  paper  read  before  the  Third  Inter.   Road  Congress.)       (96)      July  17. 
Road   Resolutions  Adopted   by  the  1913   Congress.      (96)      July   17. 
Plain    Concrete    Paving    Used    in    Kansas    City,    Mo.*      Clark    R.    Mandigo.      (13) 

July  17. 
Transportation    and   City    Planning.     Milo    R.    Maltbie.      (14)      July    19. 
Piecework   System   in    Philippine   Road   Construction.     (14)      July    19. 
Constituent  Principles  of  Highway   Maintenance.      (14)      July   19. 
Expansion   and  Contraction   Measurement  of   Concrete   Roadways.*      A.   T.    Goldbeck. 

(14)      July   19. 
Supplementary    Reports   on   the  1907,    1908,    1909,    1910   and   1911   Dust   Prevention 

and  Road  Preservation  Experimental  Work  of  the  U.  S.  Office  of  Public  Roads. 

(86)      July   23. 
Surface    Treatment    and    Bituminous    Macadam    Construction    with    High    Pressure 

Spraying  Machines.     Thomas  Aitken.      (Paper  read  before  the  Third  Inter.  Road 

Congress.)       (86)      July  23. 
Some  Notes  on   Macadam   Roads  and   Pavements.    Fred  L.   Macpherson,   A.    M.   Inst. 

C.   E.      (96)      July  24. 
The  Third  International  Road  Congress  at  London.    E.  L.  Corthell.      (13)      July  24. 
Le   III"  Congr^s  International  de  la  Route,  Londres,   23-28   Juin,  1913.     A.  Dumas. 

(33)      July  12. 
Das    Automobil   im   Dienste  der   modernen   Stadtverwaltung. *      Leopold    Merz.      (39) 

Apr.  5. 
Bauordnung  fUr  Mannheim.     Ehlgotz.      (39)      Serial  beginning  Apr.  20. 
Stra.-.senbau  im  Siidlichen  Belgien.*     Eduard  Schneider.      (39)      May  20. 
Die    Geschichte    des    Walzasphaltpflasters    in    der    Funften    Avenue    in    New    York. 

Erwiu   Neumann.      (39)      May  20. 
Fundierung  der  Siemenstrasse  in  Berlin-Oberschonewelde.*     J.  Th.  Hamacher.      (39) 

June  5. 
Die  Hofzufahrt  und  das  offentliche  Interesse.*     H.  Steinberger.      (39)      June  5. 
Einheitliche  Strassenbordsteine.*     D.   Scheuermann.      (39)      June  5. 

Railroads. 

Characteristic  Dynamical  Diagrams  for  the  Motion  of  a  Train  During  the  Accelerat- 
ing and  Retarding  Periods.*     W.  E.  Dalby.      (75)      Oct.,  1912. 
The   Mechanics   of   Electric   Train    Movement.      F.    W.    Carter.      (77)      Apr. 
The   Derailments   of  Tank   Engines.*      (23)      Apr.    18. 
The  London  and  Northwestern  Railway  Works,  Crewe.*      (23)      Apr.   18. 

•Illustrated. 
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Railroads— ( Continued) . 

Three  Recent   Railway  Accidents.*      (12)      Apr.   25. 

Overhead    Equipment    for    Single-Phase   Rallway.s.*      (12)      Apr.    25. 

Modern    Locomotive    Practice    in    Europe    and    America.      Lawford    H.    Fry.      (Paper 

read  before  the  Institution  of  Locomotive  Engrs.)       (47)      Apr.   25. 
Great   Western   Railway   Goods   Depot  at   South    Lambeth,    London.*      (23)      Apr.    25. 
Heavy  Passenger  and  Goods  Engine;   Northern  Railway  of  Prance.*      (21)      May. 
The    Introduction    of    Compound    Goods    Locomotives    in    Bavaria,    and    Its    Objects.* 

(21)      Serial   beginning  May. 
20-Ton    Four-wheel    Plate    Wagon:    North    Eastern    Railway.*      (21)      May;      (23) 

June  1,3. 
Trials    of    the    "Clayton-Hardy"    Rapid    Acting    Vacuum    Brake    for    Goods    Trains ; 

Austrian    State    Railways.*      (21)      May. 
Firing   up   Locomotives.      C.    E.    Lester.      (94)      May. 

The    .Vdministration    of    the    State    Railways    of    Prussia-Hesse.      William    J.    Cun- 
ningham.     (65)      May. 
Automatic    Block    Signals,    C,    M.    and    St.    P.    Ry.,    Puget    Sound    Lines.*       B.    W. 

Meisel.       (87)       May. 
Protecting    Against    and    Repairing    Washouts.*      J.    W.    Powers.      (87)      May. 
Service    Tests    of    Ties,    Progress    Report.      (From    Bulletin,    U.    S.    Forest    Service.) 

(87)      Mav. 
2  400-Volt   Railway   Electrification.      H.   M.   Hobart.      (42)      May. 
Trunk    Line    Electrification.*      Cha^^.    P.    Kahler.      (42)      May. 
The   Hauling    Capacity    of    Locomotives.      H.    D.    Cameron.      (Paper    read    before    the 

Western    Canada    Railway   Club.)       (96)      May    1. 
Locomotive    and    Train    Acceleration.*      Lawford    H.    Fry.       (12)       Serial    beginning 

May  2. 
Four-Cvlinder  Prairie  Type  Express  Locomotive  ;   Italian   State   Railways.*      Ernesto 

Breda.      (12)      May  2. 
New   Locomotive   Sheds,   Italian   State  Railways.*      L.   Greppi   and  F.   RoUa.      (From 

Rivist(t   Tecnica  flelle  Ferrovie  Italiane.)       (23)      May  2. 
The   Erimus    Hump    Yard,    Middlesbrough.    North-Eastem   Railway.*      (23)      May    2. 
New   Locomotive    for   the   Antofagasta    Railway.*       (23)      May    2. 
Notes  on   Midi  D.   C.   and  A.  C.   Electrifications.*      (17)      May  3. 
Electrification    of   British    Railwavs.*       (17)       May   3. 

Pacific  and  Mikado  Ijocomotives  for  the  Denver  &  Rio  Grande  R.  R.*      (18)      May  3. 
Freight    Terminals    and    Freight    Handling    at    Terminals.*       .J.    S.    Busfleld.       (96) 

Serial   beginning  Mav  8. 
The  Case  of  the  Chilled  Ca.st  Iron   Car  Wheel.*    George  W.  Lyndon.      (20)      May  8. 
Track  Elevation   at  Joliet,   111.*      (13)      May  8. 
Mallets  on  the  Norfolk  &  Western.      (15)   May  9;   (18)   June  14. 

New  Superheater  Locomotives;   Great  Northern   Railway    (Ireland).*      (23)      May  9. 
2-S-O  Type  Locomotive.   South  Indian  Railway.*      (23)      May  9. 
Four-Cvlinder  Express  Locomotive,  4-6-0  Type,  London  &  North  Western   Railway.* 

(23)      May  9. 
General   Manager's   Saloon,  Central  Argentine  Railway.*     (23)      May  9. 
Double  Tracking  on  the  Nashville,   Chattanooga  &   St.   Loiiis.*      (15)      May   9. 
Construction    of    the    Portland,    Eugene    &    Eastern    Ry.*       Mark    Woodruff.       (18) 

May  10. 
Mikado  Locomotives  for  the  Lake  Shore  &  Michigan  Southern  Ry.*      (18)      May  10. 
Chicago  Terminals   and   the   Smoke  Problem.     R.   E.   Pierce.     (Paper  read    at  Cornell 

University.)       (18)      May    10. 
New  Type  of  Rail  Joint  for  Bascule  and  Vertical  Lift  Bridges.*      (18)   May  10  ;    (86) 

May  28. 
Starting.    Running    and    Stopping    Long    Freight    Trains.     F.    B.    Farmer.      (Abstract 

of  paper  read  before  the  Air  Brake  Assoc.)       (18)    May  10;    (15)    May   9. 
Smoke-Washers  for   Roundhouses.*      (13)      May   15. 

Slide  Valve   Successfully   Used   on    Superheater  Locomotives.      (15)      May    16. 
Will  the  Triple  Valve  Operate  as  Intended?    S.   W.   Dudley.     (Paper  read  before  the 

Air  Brake  Assoc.)      (15)   May  16;   (25)  June. 
Railways  of  the  Union   of  South  Africa.     E.   R.   Lewis.      (15)      May   16. 
Car  Wheels.     A.   A.   Hale  and   M.   D.   Hayes.     (Papers  read   before  the  New  England 

Railroad   Club.)       (15)      Mav  10. 
Santa  Fe  Roundhouse  at   Riverbank.   Cal.*      (IS)      May   16. 
Comparative  Economv  of  Treated  Tics.    R.  J.   Parker.      (15)      Mav  16. 
Guard   Rail   Design.*    F.  W.   Rizer.      (15)      May   16. 
Pressure-Balanced   Piston   Rings.*      (12)      May  16. 

New  Engine  Programme  of  the  South  African   Railways.      (23)      May   16. 
Pressed    Steel    Underframes    with    Four-Wheeled     and    Six-Wheeled    Bogies.*      (23) 

May   16. 
Corrosion    of    I>ocomotive    Boilers.*      (23)      May    16. 
The    Last    Broad-Gauge    Railway    and    Locomotive.*        Alfred    R.    Bennett.        (23) 

May  16. 
Express  Passenger  Locomotive.  Paris-Lyons-Mediterranean  Railway.*     dl)     May  16. 
The  Lotschberg  or   Bernese   Alpine   Railway.*      Alfred   Gradenwitz.      (46)    May   17  ; 
(191      May  17. 

•Illustrated. 
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Railroads— (Continued). 

Electrification   of  Chicago   Railway   Terminals.*      (18)      May   17. 

Preliminary    Railway   Surveying  by    Means  of  the   Stadia.*     J.   A.    Macdonald.      (96) 

May  22. 
Length    of    Crossover    between    Curved    Parallel    Tracks.*     R.    W.    Stewart.      (13) 

May  22. 
New  Kansas  City,  Mo.,  Passenger  Terminal.*     (15)     May  23. 
The    Problem    of    Railway    Valuation.     Logan    G.    McPherson.      (Paper    read    before 

the  Am.  Assoc,  of  Freight  Traffic  Officers.)       (15)      May   23. 
Mounting    of   Radial    Couplers.      A.    L.    Price.      (Abstract    of    paper    read    before   the 

Central  Elec.  Ry.  Assoc.  ;  from  Electric  Railway  Journal.)      (73)      May  23. 
Railway  Water  Troughs.      (23)      Serial  beginning  May  23. 
Grand   Trunk   Terminal.    Ottawa.*      (23)      May   23. 
Light   Railway    Construction    in    Egypt.*      (23)      May    23. 
Interior    Finishing    of    All-Steel    Coaches.*      (23)      May    23. 

Effect   of    Stores    Department   on   Operating    Cost.      H.    C.    Pearce.      (Paper    read    be- 
fore the   Ry.    Storekeepers'   Assoc.)       (IS)      May   23;      (18)      May    24. 
Standard    Supply    Car.*      D.    D.    Cain    and   L.    O.    Genest.      (Papers    read    before   the 

Ry.    Storekeepers'  Assoc.)       (15)      May   23. 
Track   Elevation    of   the   P.    R.   R.    at   Pittsburgh.*      (18)      May    24. 
New   Union    Station    for    Chicago.*      (18)      May    24;      (IS)      May    23. 
Railway   Capitalization.      Slason   Thompson.      (18)      May   24. 
A    40-Ton    Electric    Locomotive.*      (17)      May    24. 
Spiral  for  Railway  Curves.*      Erwin  Davis.      (14)      May  24. 
The    Design    and    Operation    of   the    New    Timber    Treating    Plrfht    of    the    Baltimore 

and    Ohio   Railroad.*      F.    J.    Angler.      (86)      May    28;      (18)      May    17;    (13) 

June   5;      (15)      June   20;      (87)      June. 
Canadian   Pacific   Railway    Shops   at   Ogden,   Alberta.*      (96)      May   29. 
A   Locomotive  with  the  Stumpf   Direct-Flow   System   of   Steam   Distribution.*      (13) 

May   29. 
Studies  in  Operation,   the  M.   K.   and  T.*      (15)      May  30. 
Canadian   Pacific  Coal   Unloading  Dock.*      (15)      May   30. 
Compressed-Air     Pit    Locomotives.       Butow    and     Dobbelstein.       (From    Gliickauf.) 

(22)      May  30. 
The  Grand  Central  Railway  Station.  New  York.*      (II)      May  30. 
High-Capacity    Freight   Rolling    Stock,    Caledonian    Railway.*      (22)      May    30. 
Heavy    2-8-2    Tank   Locomotive    for   the    Bengal    Nagpur    Railway.*      (23)      May    30. 
Self-Propelled    Cars.*      S.    T.    Dodd    and    B.    H.    Arnold.      (Paper    read    before    the 

Inter.  Ry.  Fuel  Assoc.)       (IS)   May  30;    (18)   June  7;   (23)  July  18;   (25)   June. 
Relocating   of   Chicago   Railway   Terminals.*      (15)      May    30. 
Terminal    Station    Plans    of    the    Mississippi    North-Western    R.    R.    at    Pascagoula, 

Miss.*       (18)       May    31. 
Vast     Public     Interests     Involved     in     Rate     Questions.      Slason      Thompson.      (18) 

May  31. 
A    New    Port   and    Railroad    Terminal    on    the   Gulf,    Freeport,    Tex.*      A.    W.    Davis. 

(18)      May  31. 
A    British    Gasoline-Electric    Motor    Car.*      (18)      May    31. 
The    Car   Roof   Problem.      (18)      Serial    beginning   May    31. 
The    Effect    of    a    Well    Organized    Store    Department    on    the    Operating    Cost    of    a 

Railroad.     N.    M.    Rice.      (Paper    read    before    the    Ry.    Storekeepers'    Assoc.) 
(18)      May  31  ;      (19)      June   14. 
Elimination    of    Smoke.      D.    F.    Crawford.       (Paper    read    before    the    New    Century 

Club.)      (18)      May    31;      (62)      June    16. 
Utica  General    Improvement  on   the   New   York   Central   &  Hudson    River   Railroad.* 

(14)      May  31. 
Undesired    Quick    Action    of    Brakes.     C.    N.    Remfry.     (Paper    read    before    the    Air 

Brake  Assoc.)      (25)      June. 
Safety   Devices  for  Locomotive  Boilers.*      (25)      June. 
Railroading  Without  Steam.*    Don  Cameron   Shafer.      (10)      June. 
Inspection   of  Locomotive   Boilers.    John   F.   Ensign.      (108)      June. 
A    General    Description    of   the    Delaware,    Lackawanna   &    Western    Railroad    Cut-oft 

in    New  Jersey.*    Arthur   L.   Willgoose.      (36)      June. 
A  Saxon  Engineering  Works.*    Charles  R.  King.      (9)      Serial  beginning  June. 
Concrete    in    Railroad    Work.     M.    A.    Long.      (Abstract    of    paper    read    before    the 

National   Assoc,    of    Cement   Users.)       (87)      June. 
Electro-Pneumatic    Interlocking    at    Montclair,    N.    J.,    D.    L.    &    W.    R.    R.*      B.    W. 

Melsel.      (87)      June. 
New   English  Wireless  Railophone.*      (87)      June. 
Four-Cvlinder    4-6-0    Passenger    Engines    "Claughton"    Class,    L.    &    North    Western 

Railway.*      (21)      June. 
Overturning  on   Railway  Curves.      (21)      June. 
Pacific    Type    Locomotives;     New    York,    New    Haven    and    Hartford    R.     R.       (21) 

June. 
Design  of  a  Concrete  Retaining  Wall  with  Foundations  on  Permeable  Soil.*     E.   E. 

Howard.      (87)      June. 

•Illustrated. 
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Railroads— (Continued  I. 

Thrpo   Level   Crossing  at  75th  Street.   Chicago.*      (87)      June. 

Some  Features  of  Double-Track  Railroad  Construction  on  the  Chicago,  Milwaukee 
and  St.   Paul   Railway   in   South  Dakota.*      F.  W.   Van   Buskirk.      (86)      June  4. 

The   Westchester    Railway    Lines    and    Structures.*      (13)      Serial   beginning    June    5. 

Grand   Trunk   Grade  Separation    in   Toronto.*      (IS)      June   6. 

Combustion  in  Locomotive  Practice.*    J.  T.  Anthony.      (15)      June  6. 

Why  Freight  Rates  Should  Be  Increased.  Daniel  Willard.  (From  Phila.  Public 
Lcdner.)       (15)      June   6:    (18)    May  31. 

The  Automatic  Train  Stop  Problem.  A.  H.  Rudd.  (Abstract  from  The  Siynal  En- 
(jincer.)      (15)      June  6. 

The   Prussian-Hessian    State    Railways.     W.    J.    Cunningham.      (23)      June    6. 

Seventy-fifth   Anniversary  of  the   Great  Western.*      (23)      June  6. 

Articulated     Electric    Locomotives  ;     New    York    Central    Railway.*      (23)      June    6. 

The  New  Multiple-Unit  Rolling  Stock  of  the  Ouest-Etat  Railway.*      (73)      June  6. 

A  New  Dvnarao  for  Train  Lighting.*      (12)      June  6. 

An   Italian   1300  Volt   D.   C.  Railway.*      (17)      June   7. 

Single-Phase    Railway    Motors.*      Louis   Bell.      (17)      June   7. 

Electrification    Progress   in   the   United   States.*      (17)      June   7. 

Locomotives  for  the  Butte,  Anaconda  &  Pacific*  (17)  June  7;  (18)  June 
14  :      (105)      July;      (13)      June   26. 

Electric  Railway  Track  Work.  Victor  Angerer.  (Paper  read  before  the  Key- 
stone Railway  Club.)       (17)      June  7. 

Pacific    Type    Locomotives    for    the    Erie    Railroad.*      (18)      June    7. 

Vanadium  Cast-Steel  Locomotive  Frames.*      (18)      June  7. 

Maintenance    on    the    Electrified    Section    of   the   Erie   Railroad.*      (17)      June    7. 

The  Screw  Spike  Versus  the  Cut  Spike.*      (46)      June  7. 

Safety    iu   Travel    as   Affected   by   the  Steel   Rail.*      (46)      June   7. 

Railroad   Tie  Renewals.*      (14)      June   7. 

Direct-Current  2  400-Volt  Locomotives.*      (27)    June  7;    (15)   June  13. 

Locomotive  Terminals  and  Repair  Facilities  of  the  Northern  Pacific  Ry.  in  the 
State  of  Washington.*      (18)      June  7. 

Radical  Departure  Proposed  in  Railway  Branch  Line  Service.  Francis  E.  Drake. 
(18)      June   7. 

Mikado  Type   Locomotive,   Philadelphia  &   Reading   Ry.*      (18)      June   7. 

The  Storage  Battery  Car  in  Branch  Line  Service.*  J.  H.  Tracy.  (Abstract  of 
paper  read  before  the  Inter.  Ry.  Fuel  Assoc.)       (18)      June  7. 

State  Railway  Commissioners  and  Federal  Valuation.  D.  F.  Jurgensen.  (Paper 
read  before  the  Mississippi  Valley  States  Conference  on  Railroad  Valua- 
tion.)      (18)      June    7. 

Mechanical  Stokers.  W.  C.  Hayes.  (Paper  read  before  the  Master  Mechanics' 
Assoc.)       (15)      June  12. 

4-6-2    Type    Locomotive    for    the    New    Haven.*      (15)      June    12. 

Mechanical    Stokers    from    Operating   Standpoint.*      (IS)      June    13. 

New  Extension  of  the  Norfolk  Southern.*      (15)      June  13. 

Thirty-Mile  Electrification  on  Norfolk  &  Western.      (15)      June  13. 

New  Yards  of  the  Chicago  &  Alton  Near  Chicago.*      (15)      June  13. 

The    Progress   of   Three-Phase   Traction   on   Railways.      (26)      June   13. 

Some   Continental   Train    Improvements.      (12)      June   13. 

The  Oldest   Engine  on   the  Northern   of  France  Railway.*      (23)      June  13. 

Grand   Trunk   Mikados.*      (15)      June   13. 

Maintenance  of  Locomotive  Boilers.*  (Report  of  Committee  of  the  Master  Me- 
chanics' Assoc.)       (15)      June  13. 

Specifications  for  Cast-Steel  Locomotive  Frames.  Master  Mechanics'  Assoc.  (15) 
June  13. 

Maintenance  of  Electric  Equipment  (for  Railroads.)  C.  H.  Querean.  (Paper  read 
before  the  Master  Mechanics'  Assoc.)      (15)   June  13;    (13)   July  3. 

The  Oregon   Electric    Railway.*      (17)      June   14. 

Electric    Railway   Costs.     John    B.    Sparks.      (17)      June   14. 

Final  Testimony  and  Arguments  in  the  Cleveland  Case.      (17)      June  14. 

Steel    Passenger    Equipment   Cars,    Norfolk   &   Western   Ry.*      (18)      June  14. 

Specifications  for  Materials  Used  in  Locomotive  Construction.  (Report  of  Com- 
mittee,  Master  Mechanics'   Assoc.)       (15)      June  14. 

Superheater  Locomotives.  (Report  of  Committee,  Master  Mechanics'  Assoc.)  (15) 
.lune   14. 

Special  .\lloys  and  Heat-Treated  Steel  in  Locomotive  Construction.  (Report  of 
Committee,    Master  Mechanics'    Assoc.)       (15)      June  14. 

Smoke  Prevention.*  (Report  of  Committee.  Master  Mechanics'  Assoc.)  (15) 
June  14. 

Engine  and  Tender  Wheels.*  (Report  of  Committee,  Master  Mechanics'  Assoc.) 
(15)      June  14. 

Tests  of  Superheater  Locomotives.*  C.  H.  Benjamin  and  L.  E.  Endsley.  (Paper 
read  before  the  Master  Mechanics'  Assoc.)      (15)   June  14;    (18)    July  5. 

4-6-2   Tvpe   Freight   Locomotive.*      (15)      June   14. 

Powerful   Pacifies   for   the   Erie.      (15)      June   14. 

*  Illustrated. 
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Modern  Air  Brake  Equipment  as  Applied  to  Steam  Road.s.     Charles  V.  Joy.     (Abstract 

of  paper  read  before  the  New  England  R.   R.   Club.)       (18)      June  14. 
Terminal    Service.     W.    M.    Prall.     (Abstract   of  paper   read   before   the   Ry.    Club   of 

Pittsburgh.)       (18)      June    14. 
Canadian    Pacific   Railway   Shops   at   Ogden.*      (14)      June   14. 

Construction    Work   on    a    Short   Railroad    Branch:     Building   Bridge    Piers    in    Shal- 
low   Water.    Cofferdams,   Erecting   Long  Girders  with    Derrick   Car,    and   Making 

Fill    from    Movable   Trestle    (Central    R.    R.    of   New    Jersey).*      (14)      June    14. 
Mlkados   for  the  Lehigh  Valley.*      (IS)      June   16. 
Steel    Postal   Car.*      (IS)      June   16. 
Train   Brake   and   Signal   Equipment.      (Report  of   Committee,    Master   Car   Builders' 

Assoc.)       ( IS)      June  17. 
Brake    Shoe   and    Brake    Equipment.      (Report   of   Committee,    Master   Car    Builders' 

Assoc.)       (15)      June   17. 
Coupler  and  Draft  Equipment.*      (Report  of  Committee,  Master  Car  Builders'  Assoc.) 

( IS)      June   17. 
Car  Wheels.*      (Report  of  Committee,  Master  Car  Builders'  Assoc.)      (15)      June  17. 
Revision  of  the  Rules  of  Interchange.      (Report  of  Committee,  Master  Car  Builders' 

Assoc.)       (IS)      June    17. 
Variable  Load  Brake.*      (15)      June  17. 
Revision   of   Standards   and   Recommended    Practice.       (Report  of   Committee,    Master 

Car  Builders'   Assoc.)      (IS)      June   17. 
Car    Trucks.*       (Report    of    the    Committee    on    Car    Trucks    of    the    Master    Car 

Builders'   Assoc.)       (15)      June  18. 
Train    Pipe  and   Connections  for   Steam  Heat.*       (Report   of  Committee,   Master  Car 

Builders'  Assoc.)       (IS)      June  18. 
Method   of   Constructing   a   High    Retaining   Wall    in    Trench   in   a   Narrow   Side   Hill 

Space.*    C.  S.  L.  Hertzberg.     (Abstract  from  Applied  Science.)       (86)      June  18. 
Air  Brake  Hose  Specification.*      (Report  of  Committee,  Master  Car  Builders'  Assoc.) 

(IS)      June  19. 
Car   Construction.*      D.    F.    Crawford.      (Abstract   of   paper    read    before  the    Master 

Car   Builders'   Assoc.)       (IS)      June   19. 
Coke   and    Iron    Ore   Freight  Rate   Decision.      (20)      June   19. 
The  Supreme  Court's  Comments  on  Valuation.      (IS)      June  20. 
Tunnel  Lining  on  the  Virginian  Railway.*      (15)      June  20. 
Arlberg   Railway   Electrification    Scheme.*      (23)      June   20. 

Petrol  Rail  Motor  Cars  for  the  Queensland  Government  Railways.*      (23)      June  20. 
Continental    Engine   Sheds.*      Henry   W.    Jacobs.      (23)      June   20. 
A  Locomotive  Valve  Gear.*      C.   F.   Dendy   Marshall.      (12)      June   20. 
New  Locomotives  for  the  Denver  and  Rio  Grande  Railroad.*      (12)      June  20. 
Possibilities    of    Increasing    Profits    on     Interurban    Tramways.     E.     H.     Edwards. 

(Abstract    of    paper    read    before    the    Tramways    and    Light    Railways    Assoc.) 

(73)      June  20. 
Railway    Evaluation    and    Depreciation ;    Views    of   U.    S.    Supreme   Court    Expressed 

in    the   Minnesota   Rate   Case   Decision.      (14)      June   21;      (18)      June   14. 
Three-Cylinder    Locomotives.*      J.    Snowden    Bell.      (Abstract    of    paper    read    before 

the    Am.    Ry.    Master    Mechanics    Assoc.)       (18)      June    21;      (15)      June    14; 

(47)      July    18. 
Special  Equipment  on  the  Bloomingdale  Road  Track  Elevation.*      (14)      June  21. 
Pacific  Type  Locomotives  for  the  Nashville,  Chattanooga   and  St.  Louis  Ry.*      (18) 

June  21. 
New    Shops    for    the    Canadian    Pacific    Railway    near    Calgary,    Alberta,    Canada.* 

(13)  June  26. 

Steel   Ties  on   Foreign   Railways.*      (13)      June   26. 

A    Special    Problem    in    Reverse    Curves.*     Wm.    C.    Crosby.      (13)      June    26. 

Illinois    Central    Mechanical    Terminal.*      (15)      June    27. 

The  New  Works  of  Messrs.  Nasmyth,  Wilson  and  Co.,  Ltd.,  Patricroft,  Manchester.* 

(23)      June   27. 
Comparative   Fire-Box    Tests.*      (23)      June    27. 
Somethin,^    Along    the    Line    of    Physical    and    Intangible    Valuation    as    Covered    by 

Recent    Legislation.     Robert    B.    Rifenberick.      (Paper   read    before   the    Central 

Elec.   Ry.  Assoc.)       (17)      June  28. 
Weed  Burner  in  Los  Angeles    (Pacific  Electric  Railway).*      (17)      June  28. 
Gasolene   Freight   and   Switching   Locomotive.*      (17)      June   28. 

Mt.    Royal    Tunnel,    Canadian    Northern    Railway.*      S.    P.    Brown.      (14)      June    28. 
Reconstruction   of   Chicago    Clearing   Yard    (Chicago   and   Western   Indiana   R.    R.).* 

(14)  June    28. 

Manufacture  of  Switches  and  Frogs.*      (18)      Serial  beginning  June  28. 
Construction  of  the  Lewistown-Great  Falls  Line  of  the  C,  M.  and  St.  P.  Ry.*      (18) 

Serial  beginning  June  28. 
Trailing  Axle-Box   for  4-4-2   Engine;    Hungarian   State   Railways.*      (21)      July. 
Railway    Construction    in    Patagonia.      (21)      July. 
Dynamometer  Performance  of  Saturated  and  Superheated  Steam  Locomotives.      (21) 

Serial  beginning   July. 

*  Illustrated. 


-Au  gusto  !^  15.]  ClliJ;£.\T    KXGlXEElnXt!    LITKUATUUE  549 

'Aaiirt»ads-^  (Continued). 

Schleyder's    Hlast    l'')pe.*       (21)      Julv. 

I'lKh'rframe   for   ~0   Ft.   Coaching  Stock;   Great  Western   Railway.*      (21)      .luly. 

Concrete  Practioo,   .National   Railways  ot  Mexico.*      A.   M.   Wolf.      (87)      July. 

Electric   Interlocking  at   Aliquippa.   Pa.*     U.   W.   Meisel.     (87)     July. 

Mechanical  Terminal   for  Illinois  Central.*     Willard   Doud.      (25)      July. 

Gaines   Firebo.K  on  the   Illinois  Central.*      (25)      July. 

Making   Stock   Cars   from   Scrapped   Dox   Cars.     Wm.    Queenan.      (25)      July. 

-Method  of  Designing  a  Ste<?l  Gondola  Car.*      L.  W.  Wallace.      (25)      Julv. 

Special   75-Ton   Flat   Car,   Erie  U.    R.*     R.    S.    Mounce.      (25)      July. 

Wasting  a   Million   a   Day    (by   Railroads).*     M.   Gesundheit.      (10)      July. 

Flood    Destruction   on   the    San    Pedro   Railway.*     H.   G.   Tyrrell.      (13)      July   3. 

Track  Elevation  and  Portable  Concreting  Plant,  C.  M.  &   St.  P.   Ry.*      (13)      July  3. 

The  Strength  of  Steel  Cars.  (Abstract  of  Report  of  the  Committee  on  Car  Con- 
struction  of  the   Master  Car  Builders'  Assoc.)       (13)      July   3. 

New  Montclair  Station  of  the  Delaware,  Lackawanna  &  Western.*  (15)  July  4; 
(18)      July    12. 

Powdered   Fuel    for  Locomotives.    Walter   D.   Wood.      (15)      July   4. 

The   St.    Paul    Improvements    at    Milwaukee.*      (15)      July    4. 

.Vssignment   of    Equipment   Valuation   by   States.     A.    I.    Thompson.      (15)      July   4. 

The  Possibilities  of  .Motor  Vehicles  for  Railway  Purposes  from  the  Operator's 
Standpoint.     J.  Pepper.      (23)      July  4. 

The  Railwav  Conquest  of  the  Alps  from  the  Semmering  to  the  Loetschberg  Tunnel.* 
(23)      July  4. 

The  Loetschberg  Tunnel.*      (12)      July  4. 

Pacific  Type  Locomotives  (Delaware,  Lackawanna  &  Western  R.  R.).*      (18)      July  5. 

Locomotive  Boiler  In.=;pection.*  Garland  P.  Robinson.  (Paper  read  before  the  In- 
terstate  Coninicrce   Comm.)       (18)      July    5. 

The  Hubbard  Automatic   Switch  Point  Closer  or  Lock.*      (18)      July  5. 

The  Mittenwald  Railway.*  E.  E.  Seefehlner.  (From  A.  E.  G.  Journal.)  (17) 
July    5. 

The    .Montreal    Tunnel   and   Terminal.*      S.    P.   Brown.      (13)      July    10. 

The    Canadian    Northern   Ry.*      Henry    K.    Wicksteed.      (13)      July    10. 

Tests   of   Alcohol    Heater   Car.*      (15)      Julv   11. 

The    Minimum    Efficient    Gradient.*      Paul    M.    La    Bach.      (15)      July    11. 

Railroad    Cost    and    Efficiency.      (15)      July    11. 

Turntable  Tractor.*      (  15)      July   11. 

Oil-Fuel  on  the  Austrian   State  Railways.*      (23)      July   11. 

Track    Circuits    in    India.*      {23)      July    11. 

Train    Control.      (12)      Serial    beginning    July    11. 

Proposed  Plan  for  One  Central  Railway  Terminal  for  Chicago.*  R.  C.  Sattley. 
(18)      July   12. 

Motor  Generators  and  Frequency  in  Alternating  Current  Railway  Signaling.  J.. 
E.    Saunders.      (Papers   read   before   the   Ry.    Signal    Assoc.)       (18)      July    12. 

Tree  Windbreaks  to  Replace  Portable  Snow  Fences.*      (14)      July   12. 

High-Voltage    Direct-Current   Locomotives.*      (103)      July    12. 

Grade-Crossing  Elimination  at  Second  Avenue  and  Try  Street,  Pittsburgh.*  (I4i 
July   12. 

Construction   Work  on   the   Idaho  Northern  Ry.*      J.   H.   Smith.      (13)      July   17. 

Studies  of  Operation  :  the  C.  B.  and  Q.*      (15)      July  18. 

Life   of   Locomotive   Fireboxes.*      C.   T.    Rommel.      (15)      July    18. 

Report  on  Stamford  Collision.  (Report  of  the  Interstate  Commerce  Comm.)  (15) 
July    18  ;      (18)      July    19. 

Motor  Cars  for  Maintenance  of  Way  Forces.      (15)      July   18. 

The  Standard  Track    Scale  of  the  P.   and   L.   E.*      (15)      July   18. 

Baltimore  and  Ohio  Flood  Reconstruction.*      (15)      July  18. 

Chesapeake   and   Ohio   Yard   at  Silver  Grove,   Kentucky.*      (  15)      July    18. 

Power  Signalling  on  the  Great  Central  Railway.*  J.  A.  Jenkinson  and  Charles 
Travis.      (23)      July  18. 

New  Goods  Engines,  G.  N.  of  I.  Railway.*      (23)      July  18. 

Hasler  Locomotive   Speed    Indicator   and   Recorder.*       (23)      July    18 

Power-Generating  Equipment  on  the  Cleveland,  Painesville  and  Eastern  Rail- 
road.*     (17)      July   19. 

New  40-Mile  Extension  of  the  Waterloo,  Cedar  Falls  and  Northern  Railway.* 
(17)      July   19. 

Notes  on  the  Design  and  Operation  Costs  of  Modern  Locomotive  Coaling  Sta- 
tions.     (Report  of   Committee   of    the   Inter.    Ry.    Fuel    Assoc.)       (86)      July   23. 

New  Railway  Stations  and  Six-Track  Tunnels  at  Brussels  (Belgium.)  (13) 
July    24. 

The   Question   of  Increa.sed   Freight   Rates.     A.   B.   Hulit.      (15)      July    25. 

Extensive  Improvements  on  the  L.  &  N.*      (15)      July  25. 

.\  Dav's  Train  Record  Over  Tehachapi   Mountain.*      (15)      July  25. 

The   Railways  of   Peru.*     O.   Sperber.     (18)      July   26. 

Mallet  Compound  Locomotive  for  the   Pennsylvania   R.   R.*      (18)      July   26. 

Progress  in  the  Mount  Royal  Railroad  Tunnel.*     Howell  T.  Fisher.      (16)      July  26. 

*Illustrated. 
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Railroads-  (Continued). 

Hflocation    and    Grade    Reduction    on    the    Louisville    &    Nashville    Railroad.*      (14) 

July    L't;. 
Chemins   de    F'er   d'lntt'-ret   Local    et   Tramways   S.   Vapeur   pour    le   Service   des   Voy- 

ageurs  et   das   Marchandise^;.     P.    Dumas.      (43)      Mar. 
Le  Locotracteur  Schneider  &  Cie.      (Locomotive  k  Hydrocarbure.)      E.   Brilli§.      (32) 

Apr. 
La  Nouvelle  Gare  Centrale  Terminus  de  New  York.*     P.  Calfas.      {33)      May   10. 
Comparison    entre    les    Systf^mes    de    Traction    in    Concurrence   pour    1 'Electrification 

des  Grandes  Lignes.      E.  de  Marchena.      {33)      May   17. 
Le.s    Locomotives    de    la    Compagnie    P.    L.    M.    a    I'Exposition    de   Gand.*     L.    Pierre- 

Guedon.      (33)      Serial  beginning  May  24. 
Locomotive  Schneider  &  Cie,  de  70  Chevau.\.  i  Moteur  a   Explosion  et  Transmission 

Aerothermique,  SystSme  Hautier.*      L.   Pierre-Guedon.      {33)      May  31. 
Le  Funiculaire  Aerien  k  Voyageurs  de  Larra  au  Vigiljoch   (Tyrol).*      {33)      June  7. 
L'Attelage   Automatique  des   Wagons   par   I'Auto-Coupleur   Boirault.*      G.    Espitallier. 

{33)      June   14. 
Les  Locomotives  Britanniques  en  1912  ;  Types  et  Services.*    L.  Pierre-Guedon.      {33) 

June  21. 
Note  sur  la  Reparation  des  Cylindres  de  Locomotives.*    Bonnin.      (38)      July. 
Das    Entwerfen    und    der    Bau    der    Eisenbahn-Empfangsgebaude.*      Cornelius.      (49) 

Serial   beginning   Pt.   4. 
I'eber    die    Entstehung    der    Risse    in    der    Rohrwand    von    Lokomobil    und    ahnlichen 

Kesseln.*      C.   Bach.      (48)      Mar.   22. 
Das   Trocknen   des   Kesseldampfes.*     C.    Gulllery.      (102)      Apr.    15. 
Das    Stuttgarter    Bahnhofsgelande    einst    jetzt    und    kiinftig.*       H.     Werner.      (39) 

Apr.   20. 
Oberleitungslokomotiven     fiir     Werkbahnen.*        P.      Riep.       (41)       Serial     beginning 

Apr.  24. 
Speisewasservorwarmung    bei    Lokomotiven.*      Ludwig    Schneider.      (48)      Serial    be- 
ginning  May   3. 
Das    Verdampfungsgesetz    des    Lokomotlvkessels.*     O.    Kochy.      (lOZI      Serial    begin- 
ning  May  15. 
Anlage    zur    Bekohlung    der    Lokomotiven    im    Bahnhofe    Kempten    i.    Allg.      Bisle. 

(102)      May    15. 
Anlage    zur    Ueberfiihrung    von    Leichen    bei    Bahnhof    Berlin-Halensee.*      Liicking. 

(40)      May   21. 
Gleisabzweigung  aus  gekriimmter  zweigleisiger  H'auptbahnstrecke.*      (40)      May   21. 
Die    neue    Lokomotiv-Remlse    der    S.     B.     B.    auf    dem    Aebigut    in    Bern.*      (107) 

May  31. 
Schaulinien    der    Dampfverteilung    bei    Verbundlokomotiven.*       O.    Kolsch.       (102) 

Serial  beginning  June  1. 
Die   Eisenbahnen   in   Makedonien   und   Thrakien   und   die   bulgarischen    Bauprojekte.* 

Franz   Manek.      (53)      June  13. 
Bedingungen    fiir    die    Lieferung    von    Stahlschienen,    Neuyork-Zentralbahn.      (102) 

June   15. 
Ueber  den   Reibungswiderstand   zwischen   Schiene   und   Lasche   in   den   Anlageflachen. 

E.   C.  W.  van  Dyk.      (102)      June  15. 
Versuche  mit  Eisenbetonschwellen   und  die  Asbeston-Schwelle  von   R.   Wolle.      (102) 

July    1. 
Die    Ursache    der   Riffelbildung    an    Schlenen.*      F.    Martens.      (50)      July    10. 

Railroads,  Street. 

The  Pittsburgh   Subway   Problem.      William   Clyde  Wilkins.      (58)      May. 

Trackless    Trolley    Lines    in    Austria.*      Frank    C.    Perkins.      (60)      May. 

Fly-Over  Junction  on  the  Metropolitan  District  Railway  at  Earl's  Court.*  (11) 
May    2. 

New   Substations   in   Buffalo.*      (17)      May   10. 

Final  Report  on  San  Francisco.*  (Transportation  Conditions.)  B.  J.  Arnold.  (Re- 
port  to  the   Board   of   Supervisors.)       (17)      May   10. 

Newcastle-upon-Tyne  Tramways  Extensions.  J.  McKellar.  (Paper  read  before 
the   Inst,  of  Mun.   and  County   Engrs. )       (104)      May   16. 

Sydney  City  and   Suburban  Railways.*      (11)      May  16. 

Electric-Arc  Welding  and  Other  Features  of  the  San  Francisco  Shops.*  (17) 
May    17. 

Track    Improvement   in   Cleveland.*      (17)      May   17. 

Appraisal   of   the   City   Lines   of   the   Detroit   United   Railway.*      (17)      May    17. 

Derrick    Cars    and    Wrecking    Cranes    for    Electric    Railways.*      (13)      May    22. 

Illinois   Traction    System's   Freight   House   at   Springfield,    111.*      (17)      May    24. 

Analysis  of  the  Premises  Adopted  and  Methods  Used  in  Determining  the  Cost  to 
Reproduce  New,  Together  with  the  Depreciation  Thereon  of  the  Physical 
Propertv  of  the  Metropolitan  System  and  the  Kansas  City  and  Westport 
Belt  Railway  of  Kansas  City,  Mo.     Bion  J.  Arnold.     (86)   May  28:   (13)   May  22. 

Petrol-Electric  Tramcars  for  the  London  County  Council.*  (12)  May  30;  (17) 
July  5. 

*Illustrated. 
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Railroads,  Street— (Continued). 

New    Double-neck    Cars   for   Pittsburgh.*      (17)      May   31. 

Recent   Passenger   Stations   in    Los   Angeles.*      (17)      May   31. 

Report    on    Toronto    Conditions.      Bion    J.    Arnold.      (Report    to    Corporation    Counsel 

of  the  City  of  Toronto.)       (17)      May  31. 
Self-Propelled  Tramway   Cars.      (104)      .Tune  6. 
DifBoult    Bracing    for   Subway.      (14)      June    7. 
The     Lot's-Road     Station     of    the    Underground     Electric    Railways,     London.      (73) 

June    13. 
Stress    Analysis    of    Circular    Tubes ;    Analytical    and    Graphical    Determinations    of 

Stresses      in      Tunnel      Sections      Under      Various      Conditions      of      Loading.* 

Bjorgulf   Haukelid.      (14)      June   14. 
Tramway    Track,    1883    to    1913.      F.    Bland.       (Abstract    of    paper    read    before    the 

Tramways   and    Light   Rys.    Assoc.)       (73)      June   20. 
Rail-Less   Traction    Legislation.      H.    England.      (Abstract   of   paper    read    before   the 

Tramways  and  Light  Rys.  Assoc.)       (73)      June  20. 
Improvements  to  a  Cable  Road  in  Seattle.*      (17)      June  21. 

Luzerne    Carhouse   of   the    Philadelphia    Rapid    Transit    Company.*      (17)      June    28. 
Proper   Location   for  Trolley   Wire  on   Curves   and   Corresponding   Location   of   Over- 
head   Frogs.*      John    H.    Barnard.      (Paper   read   before   the    New   York   Electric 

Railway   Assoc.)       (17)      June   28. 
Maximum-Traction   Trucks  versus   M.   C.    B.   Trucks  for  City  and   Suburban   Service. 

H.    A.    Benedict.      (Paper   read   before   the    New   York   Elec.    Ry.    Assoc.)      (17) 

June  28. 
Decision  of  Board  of  Arbitration  in  the  Cleveland  Case.      (17)      June  28. 
Power    Equipment    of   the   Hamburg   Rapid   Transit    System.*      (17)      July    5. 
Train   Operation   for   City    Service.*      (17)      July   5. 
Recent    Developments    in    Railway    Control.*      F.    E.    Wynne.      (Abstract    of    paper 

read   before  the  Central  Elec.   Ry.   Convention.)       (17)      July   5. 
Recent    Improvements   in   the   Electric   Railway   System  of   Providence,    R.    I.*      (17) 

July     12. 
Alameda   Avenue   Subway   in    Denver.*      (14)      July    19. 
Repair    Shop    Practice    at    Portland,    Portland    Ry.    Light    and    Power    Co.*      (17) 

July   26. 
Feeder    Tests   on    the    San    Diego   Electric   Railway.*      H.    Macnutt.      (17)      July    26. 
La    Transformation    du    Reseau    Municipal    de    Tramways    k    Paris.     A.    Mariage. 

(32)      Mar. 
Der  elektrische  Ausbau  der  Stadt-,   Ring-  und   Vorort-Bahnen  In   Berlin.      G.   Sober- 
ski.      (102)      Serial  beginning  Apr.    15. 
Elektrischer     Lokomotivbetrleb     auf     Stadtschnellbahnen.*       E.     C.     Zehme.       (41) 

May    29. 
Der    Spreetunnel    der    Hoch-    und    Untergrundbahn    in    Berlin.*      Kemmann.      (40) 

May   31. 
Vorschlage    zur    Verbindung    der    nordlichen    Berliner    Vorortbahn    mlt    der    Stadt- 

bahn    und    mit    dem    Potsdamer    Platz.      Fr.    Schulze.      (39)      Serial    beginning 

June  20. 
Das    Stlbsttatige    Signalsystem    auf    Schnellbahnen.*      O.    Wehland.      (41)      July    17. 

Sanitation. 

Sewerage   and    Sewage    Disposal   at   Guildford.     C.    G.    Mason,    Assoc.    M.    Inst.    C.    E. 

(Paper  read  before  the  Assoc,  of  Managers  of  Sewage  Disposal  Works.)       (104) 

Apr.  25. 
Disposal  of  Paper  Mill  Wastes.*    Edward  ITutchlns.     (Paper  read  before  the  Boston 

Soc.  of  Civ.  Engrs.)       (1)      May. 
Permissible  Dilution  of  Sewage.    George  W.  Fuller,  M.  Am.   Soc.  C.  E.      (41)      May. 
Sewer   Siphons    Under   New   York   Subway.*      Thad.    L.   Wilson.      (Paper   read   before 

the    Brooklyn    Engrs.'    Club.)       (60)      May. 
Cleaning  Streets  in   St.   Louis,   Mo.      (60)      May. 
House   Drainage   Regulations   on    the   Continent.     Frank    R.    Durham,   Assoc.   M.    Inst. 

C.   E.     (Paper  read  before  the  Sanitary   Inst.)       (104)      May  2. 
The    Main    Drainage    of    Gerrard's    Cross.*     Arthur    Gladwell.      (Paper    read    before 

the  Institution  of  Mun.  and  County  Engrs.)       (104)      May  2. 
Government   Aid    in    Land    Drainage.     Arthur   E.    Morgan.     (Abstract   of   paper    read 

before   the   National    Drainage   Congress.)       (13)      May   8. 
Sewage    Treatment.     R.    J.    McKonn.      (Paper    read    before    the    Institution    of    Mun. 

Engrs.)       (104)      Serial   beginning  May   9. 
Improved    Air    Conditions    in    a    Residence.*      Frank    Irving    Cooper.      (Paper    read 

before  the  Am.  Soc.  of  Heating  and  Ventilating  Engrs.)       (101)      May  9. 
Sewage    Treatment    at    a    State    Hospital,    Tanks    and    Filters    for    Treating    575  000 

Gallons  of  Sewage  Daily  at  Norristown.*     P.  E.   Mebus.      (14)      May  10. 
Collection    and    Disposal   of   Boston    Refuse."      (14)      May    10. 
Some  Structural  Features  of  the   Flint,    Michigan,   Sewerage   and   Drainage  System.* 

(86)      May  14. 
Temporary  Comfort  Stations  for  Inauguration.*    A.   R.   M'Gonegal.      (101)      May  16. 
Discussion   on   Principles   of   Ventilation.*     E.   Vernon   Hill.      (101)      May   16. 

"Illustrated. 
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Sanitation     (Continued). 

littaiU   ami    llrating  ot  Fireproof  Factory   Building.      E.   J.    Moore.      (14)      May   17. 

Drainage  ot"  the  Haarlem  Lake  in  Holland.*      (14)      May   17. 

Practital  Ventilation.  MacD.  Dexter.  (Paper  read  before  the  Southern  Gas  Assoc.) 
(24)      May    19. 

The  Government  and  Public  Works  of  Delhi,  India.  Tom  Salkfleld.  (Abstract  from 
Jvurnal.  Sanitary   Inst.      (13)      May  22. 

A  Test  of  a  Refuse  Destructor  at  Smethwick.*  W.  Naylor,  Assoc.  M.  Inst.  C.  E. 
(104)      May   23. 

The  Design  of  Siphon  and  Grit  Chambers  for  the  Main  Intercepting  Sewer.  Fitch- 
burg,  Mass.*  (Abstract  from  Annual  Report,  Fitchburg  Sewage  Disposal 
Conim.)       (86)      May    28. 

Notes  on   Sewage  Disposal.    Geo.  W.   Swinburne.   M.  Am.  Soc.   C.   E.      (96)      May   29. 

Studies  of  Fish  Life  and  Water  Pollution.  H.  W.  Clark  and  George  O.  Adams. 
(Abstract  of  paper  read  before  the  International  Congress  of  Applied  Chem- 
istry.)      (104)      May  30. 

Plans   for  the   Disposal   of   New  York's  Sewage.*      (46)      May   31. 

Recent  Progress  in  the  Standardization  of  Disinfectants.  John  Morris  Weiss.  (3) 
June. 

Sewage  Purification.*      F.  H.  Tibbetts.      (60)      June. 

The   Operation   of  Sewage   Disposal    Plant   at   Columbus,    Ohio.*      (60)      June. 

District  Steam  Heating  with  High  Pressure  Steam.*  Frederick  W.  Ballard.  (Ab- 
stract of  paper  read  before  the  Ohio  Soc.  of  Mech.,  Elec.  and  Steam  Engrs. ) 
(64)   June  3  ;    (62)   May  26. 

A   Sewer   Discharge   Diagram.*     J.    M.    M.   Greig,    A.    M.    I.   C.   E.      (96)      June   5. 

Sewage  Treatment  Works  for  Fitchburg,   Mass.*    Frank  A.  Marston.      (13)      June  5. 

Sewage    Disposal   by   Dilution.     Horace  S.   Griswold.      (96)      June   5. 

Features   of   Combination    Heating    in    Residence.*      (101)      June    6. 

Miner's  Nystagmus.  T.  Lister  Llewellyn.  (Paper  read  before  the  Mining  Exhibition.) 
(22)       June    6. 

Opinions  Relative  to  Stream  Pollution  :  Digest  of  Answers  to  Series  of  Questions 
Prepared  by  Paul  Hansen.      (14)      June  7. 

Sewage  Treatment  Works  at  Fitchburg  (Imhoff  Tanks  and  Stone  Sprinkling  Fil- 
ters).*     (14)      June   7;      (86)      June   25. 

Plumbing   in   Hotel   Statler,   Cleveland.*      (101)      June  13. 

Raising  a   Sewer   While   in   Service.*      ( 14)      June   14. 

Sinking   a   Sewage    Pump   Well    in   Silt   in   El    Paso.*      (14)      June   14. 

Lazwell    Drainage-Pumping    Plant.*      (64)      June    17. 

Hot-Water   Heating   Extra-Ordinary.*      (101)      June   20. 

Some  of  the  More  Recent  Municipal  Works  of  Rochdale.  S.  S.  Piatt.  (Paper  read 
before  the  Institution  of  Mun.   and   County   Engrs.)       (104)      June   20. 

Fitchburg  Sewage  Disposal  Plant.*  (From  Report  of  the  Sewage  Disposal  Comm.) 
(96)      June   26. 

Heating   and    Plumbing   in   Country   Home.*      (101)      June   27. 

Sewage   Pollution    Decision    in    Michigan.      (14)      June   28. 

Aeration  as  an  Aid  to  Filtration  of  Sewage.  H.  W.  Clark  and  George  O.  Adams. 
(14)      June  28. 

Prevention  of  Disease  Versus  Cost  of  Living.  Thomas  F.  Harrington.  (Paper  read 
before  the  Women's  Municipal  League,   Boston.)     (19)      June   28. 

Construction  of  Tile  Pipe  Sewers  in  Chicago.*    Herbert  Edson  Hudson.      (60)      July. 

Mixed  Method  Garbage  and  Waste  Disposal.*      E.   B.   Stuart.      (60)      July. 

The   Covering  of   Jones'    Falls,    Baltimore.    Md.*      (13)      July   3. 

Studies  at  the  Lawrence  Experiment  Station  upon  the  Disposal  of  Sewage  Sludge  In 
Deep   Tanks.      H.   W.   Clark   and   G.    O.    Adams.      (13)      July   3. 

The  Treatment  of  Sewage  Discharged  into  Tidal  Waters.  H.  C.  H.  Shenton. 
(Paper  read  before  the  Assoc,  of  Managers  of  Sewage  Disposal  Works.)  (104) 
July   4. 

The  Design  and  Construction  of  the  Jones'  Falls  Stream  Improvement,  Balti- 
more, Md.*      J.  J.  Frederick.      (86)      July  9. 

Method  and  Cost  of  Constructing  a  6-Ft.  Concrete  Storm  Water  Sewer  in  Webb 
City.    Mo.*      E.    W.   Robinson.      (86)      July    ft. 

Report  on  Refuse  Collection  and  Disposal  in  Winnetka  and  Glencoe,  111.  Samuel 
A.   Greeley.      (86)      July   9. 

Economic  Design  of  Indirect  Heating  Systems.  Frank  L.  Busey  and  Willis  H. 
Carrier.  (Abstract  of  paper  read  before  the  Am.  Soc.  of  Heating  and  Ventilat- 
ing  Engrs.)       (101)      Serial   beginning  .July    11. 

Strength    of   Drain   Tile   and    Sewer   Pipe.      (14)      July    12. 

Waste  Heat  from  Gas  and  Oil  Engines  for  Heating  Buildings.*  E.  F.  Tweedy. 
(Paper    read   before   the   National    Elec.    Light   Assoc.)       (64)      July    15. 

The  Design  of  Central  Heating  Systems.  A.  G.  Christie.  (96)  Serial  beginning 
July    17. 

The    London    County    Council's    New    Sewage   Pumping    Station.*      (12)      July    18. 

No   Cessation    in   Construction    of   the   Calumet-Sag   Channel.      (14)      July    19. 

Sludge  Disposal   at   Oldham.      (14)      July   19. 

The  British  Method  ot  Disposing  of  House  Refuse  by  Crushing  and  Pulverizing 
it   to   a   Fertilizing   Powder.*      James   A.    Seager.      (86)      July    23. 
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Sanitation— ( Continued) . 

Ventilation    System    of   Hotel    McAlpin.*      (101)       July    25. 

High-Pressure  Steam  Heating  vs.  Hot  Water  By-Product  Plant.  Ira  N.  Evans.- 
(64)      July    29. 

Notausla.ss-Klaranlagen.*      Hermann   Mannes.      (7)      Jan.   25. 

Zur  Frage  des  Fortfalles  der  Sinkkasten  und  der  Wasserverschliisse  bei  den 
Stras.seneinlaufen.*      Eugen    Geiger.      (7)      Jan.    25. 

Einfluss  der  Heizkorperverkleidungen  auf  die  Warmabgabe.*  C.  Reutti.  (7) 
Apr.    19. 

Die  Bestimmung  der  Heizkorpergrossen  mit  Riicksicht  auf  die  Kosten  der  Pro- 
jektierung   von    Heizungsanlagen.      C.   A.    Gullino.      (7)      Apr.    19. 

Luftverbes.serung  durch  Ozonisierung  in  Badeanstalten.  Ludwig  Ad.  v.  Kupffer. 
(7)      Apr.    19. 

Untersuchungen  iiber  die  Wirtschaftlichkeit  einer  Ferndampfheizungsanlage.*  J. 
Henkelmann.      (7)      Serial   beginning  Apr.   26. 

Zugweite.      O.   Krell.      (7)      May  3. 

Pumpwerk  Alte  Emsoher.*      Ernst  Mautner.      (78)      Serial   beginning  May  7. 

Noch  ein  Beitrag  zur  Frage  des  Fortfalle.s  der  Sinkkasten  bei  den  Strassenein- 
laufen.      F.    Moritz.      (7)      May   10. 

Bericht  iiber  weitere  Betriebserfahrungen  mit  den  Fernwarmwasserheizungs-  und 
Liiftungsaulage    im    Dresdener   Rathause.*      Karl    Schmidt.      (7)      May    17. 

Die  Klaranlage  der  Stadt  Gorlitz.     Zimmermann.      (7)   May  17;    (39)   June  5. 

Hygiene  der  Warmwasser-Versorgungsanlagen.  Alex.  Marx.  (7)  Serial  begin- 
ning  May   24. 

Ueber  die  Verwendbarkeit  von  Torf  zum  Aufbau  von  Abwasserreinlgungsanlagen.* 
F.  Guth  und  P.   Keim.      (7)      May  31. 

Ein   Beitrag  zur  Lilftungsfrage.      M.   T.   Djuvara.      (7)      May  31. 

Anwendung  der  fiir  Thermometer  giiltigen  Formeln  auf  die  Abkiihlung  von  Ge- 
bauden.*      G.    de   Grahl.      (7)      June   7. 

Enteignung  von  Grundstiicken  aniasslich  der  Durchfuhrung  stadtischer  Kanalisa- 
tionsanlagen.      Hache.      (7)      June   7. 

Normalbauwerke  bei  Stadte-Kanalisationen.*  Paul  Schmitt.  ^7)  Serial  begin- 
ning June  2S. 

Die  Einwirkung  des  elektrischen  Starkstromes  auf  den  menschliehen  Korper  und 
erste  Hilfe  bei  elektrischen  Unfallen.      H.  Gerbis.      (41)      July  3. 

Thermische  und  akustische  Isolierungen.  Fr.  Braikowich.  {53)  Serial  begin- 
ning July  4. 

Structural. 

The    Fireproof    Building;     Its    Advantages    and     Its    Weaknesses.     H.     W.     Forster. 

(58)      Oct.,   1912. 
Paint  for  Ironwork.      G.   Basil  Barham.  A.  M.  I.  E.  E.      (104)      Apr.  25. 
The    Design    and    Architectural   Treatment   of   the    Shop.*      H.    V.    Lanchester.      (29) 

Apr.   25. 
Preventing     Settlement     Cracks     in     Stucco     Houses.*     Ernest     McCullough.      (67) 

May. 
Water  as  an  Element  in  Concrete  Construction.      H.  A.  Mark.      (60)      May. 
An     Electrolytic    Theory    of    the     Corrosion     of     Iron.      Bertram     Lambert.      (Paper 

read   before  the   Faraday   Soc.)       (105)      May. 
The    Surface    Treatment    of    Concrete.      G.    C.    Workman.       (Paper    read    before    the 

Concrete   Inst.)       (104)      May   2. 
Wood    Preservation   with   Water   Gas   Tar.      Frank   C.    Mathers   and   J.   N.    Moncrieff. 

(Abstract   of   paper   read   before  the   Indiana  Gas   Assoc.)       (66)      May    6. 
Repairs    to    a   Reinforced-Concrete    Chimney.*      C.    E.    Smith.      (13)      May    8. 
A   Method  of  Proportioning  Concrete.*      William   B.    Hunter.      (13)      May   8. 
A  Test  of  Red-Lead  Priming  Paints.*    Cloyd   M.  Chapman.      (13)      May  8. 
Fire  Protection  at  Lodge  &  Shipley  Plant.*    Henry  M.  Wood.      (20)      May  8. 
Saving    a    Cathedral    with    a    Diver ;    How    Winchester    Was    Furnished    with    a    New 

Foundation.*     J.   W.   Overend.      (46)      May   10. 
Grinding  Wheel  Sparks.  How  They  Indicate  the  Character  of  Steel.*     R.  G.  Williams. 

(From   Grits  and  Grinds.)       (19)      May  10. 
Stopping  Planes  in  Reinforced  Concrete.      Edward  J.  Stead.      (96)      May  15. 
The   Practical   Strength   of  Structures.*      (11)      May   16. 
Elastic   Hysteresis.*     Earl   B.   Smith.      (14)      May  17. 
Poured   Concrete  Buildings,   D.,   L.   &   W.   R.   R.*      (18)      May    17. 
High    Eight-Acre   Exposition   Building  with   a  Timber  Frame.*     H.   D.    Dewell.      (14) 

May  17. 
The    Protection    of   Concrete    Structures    from    Alkali    and    Other   Destructive   Agents. 

W.    D.   Rohan.      (86)      May   21. 
Physical    Test.s    of    Oil-Mixed    Portland    Cement    Concrete.*      Logan    Waller    Page. 

(104)      Mav   23. 
The   Stability    of   Brick   Chimneys.*     Harold    Cane.      (Abstract    of   paper   read    before 

the   Concrete  Inst.)       (104)      May   23;      (22)      May   16. 
Riveting    Pressures.      (14)      May    24. 
Erecting   a    Steel    Smokestack    on    a    High    Roof.      (14)      May    24. 

•Illustrated. 
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Structural— (Continued). 

Baltimore  i  Ohio  Timber-Treating  Plant,   Newly  Completed  Layout  at  Green  Spring, 

\V.   Va.*     h\  J.   Angier.      (T4)      May  24. 
Luderpinning    a    Nine-Story    Column  ;    200-Ton    Load    Suspended    from    Needle    Gir- 
ders  While  Pipes  Were   Driven  and  Concreted  Under  Them.*     Walter  J.   Willis. 

(14)      .May  24. 
Shoring   a   Theater   Wall   with   Cantilever   Needlebeams.      (14)      May   24. 
The   Resistance  of   Steel-Framed   Sheds  to   Wind   Forces.*     Albert   S.    Spencer.      (12) 

Serial  beginning  May  30. 
Steel   Gantrv   for   Building   the   New  Government   Stationery   Offlee.*      (12)      May   30. 
Eight-Storv    Concrete    Building    Without    Interior    Columns.*     H.    D.    Loring.      (14) 

May   31. 
Bending    Strength    of    Yellow-Pine    Timber,    Safe   Loads    for    Beams    and    Girders    of 

Standard  Dimensions.*    J.   J.  Morgan.      (14)      May  31. 
Rapid    Execution    of   Heavy    Foundation    Work.      (14)      May    31. 
Hi.storii-  Failures  of  Engineering  Structures.     Horace  R.  Thayer.      (58)      June. 
Cities  Unburnable.*     F.    W.   Fitzijatrick.      (10)      June. 
Wliy  the  Giant  Skyscrapers  Are  Safe.*      J.   F.   Springer.      (10)      June. 
Constancy    of    Volume    Accelerated    Tests    in    Portland    Cement.     Max    Gary.      (Paper 

read  before  the  Inter.  Assoc,  for  Testing  Materials.)       (67)      June. 
Preserving  Fence   Posts  from  Decay.      (96)      June  5. 
The   Microscope   in   the   Iron    and   Steel    Industry.      Albert   Sauveur.      (Abstract   of    a 

paper   read  before  the  Am.   Iron   and   Steel   Inst.)       (20)      June   5. 
A   Modern  Timber  Drying  Plant.*     (12)      June  6. 
Long  Beach  Auditorium  Disaster.*      (14)      June  7. 

Bending    Moments    in    Continuous    Reinforced-Concrete    Beams.     Sanford    E.    Thomp- 
son.     ( 14)      June   7. 
A  New  Four-Lift  Spiral-Guided  Holder  for  Oldham.*      (66)      Serial  beginning  June  3. 
The    Flat    Slab    System    in    Floor    Construction.*     W.    G.    Ure.      (96)      Serial    begin- 
ning June  12. 
Some  Notes   on   the  Proposed  L.   C.   C.   Regulations  for  Reinforced   Concrete.*     Percy 

J.  Waldram.      (11)      Serial  beginning  June  13. 
Copper   in    Steel.    Its    Influence   on   Corrosion.     D.    M.    Buck.     (Paper   read   before   the 

Am.   Chemical   Soc.)       (47)      June  13. 
Underpinning  on  Inclined  Strata.      (14)      June  14. 

Housing  Problems  and  Restrictions  in  Large  Cities.      (14)      June  14. 
What    Brick   Houses   Cost.*      (76)      June   15. 

Blended   or   Sand   Cements  :    Results   of  the   Study   and   Experience  of  the   U.    S.   Re- 
clamation  Service.    Rapier  R.   Coghlan.      (13)      June  19. 
The    Distribution    of    Stress    in    a    Cement    Briquette.*     E.    G.    Coker.      (Paper    read 

before  the  Inter.  Assoc,  for  Testing  Materials.)       (19)      June  21. 
Action  of  Alkali  and  Sea  Water  on  Cements.      (14)      June  21. 
The   Corrosion   of  Cast   Iron   Reviewed.      Richard   H.    Gaines.      (24)    June   23:    (20) 

June  5. 
Allowable  Heights  and  Areas  for  Factory  Buildings.      (86)      June  25. 
Eliminating  Columns   in   a   Store   Front.*      (14)      June   28. 
The    Deflection    Method    of    Calculating    the    Strength    of    Columns    and    Stanchions.* 

A.    J.    Murray.      (95)      Serial   beginning   July. 
Gasholders:    Their  Construction   and   Use.*     Ernst  Korting.     (Paper  read  before  the 

German  Gas  Assoc.)       (66)      July   1. 
Some  Tests   of   Flat    Plates    of   Glass.*     Edward   Godfrey.      (86)      July    2. 
Advantages    of    the    Quantity    System    for    Estimating    Bidding    Prices    for    Building 

Construction.*     (86)      July   2. 
Cost  of   Constructing   a   Camp   to   Accommodate    Forty   Laborers.*      Clark   A.    Bryan. 

(86)      July  2. 
Municipal   Building  Laws  in  the  United  States.    R.  Fleming.      (13)      July  3. 
Building  a  Reduction  Plant.    Herbert  Lang.      (103)      July  5. 
A  Studv  of  .Available  Data  on  the  Autoclave  Test.      (14)      July  5. 
Method  of  Checking  Economical   Height  of  Office  Buildings.      (14)      July  5. 
Design    of    the    Woolworth    Building.*     S.    F.    Holtzman,    M.    Am.    Soc.    C.    E.      (14) 

July  5. 
Waterproofing    Cement    Concrete    and    Cement    Renderings.*       J.    H.    Kerner-Green- 

wood.     (Paper   read   before  the    Incorporated   Soc.   of   Clerks  of   Works   of   Great 

Britain.)       (104)      July    11. 
The   Effect   of   Various    Substances   on    the   Rate   of   Corrosion   of    Iron    by    Sulphuric 

Acid.     O.    P.    Walts.     (Paper   read   before  the   Am.   Electrochemical    Soc.)      (73) 

July  11. 
The    Development    and    Status    of    the    Wood    Preserving    Industry.*     E.    A.    Sterling. 

(Paper     read     before     the     Inter.     Congress     of     Applied     Chemistry.)  (19) 

July    12. 
Comparison   of   Column   Formula.*     E.    L.   Lasier.      (14)      July    12. 
Construction  of  a   Reinforced  Concrete  Factory  in  Cambridge.  Mass.*      (86)      July  16. 
The   Service   Eqiiipment   of  the   Samaritan   Hospital,   Troy,    N.   Y.*     C.   F.   Herington. 

(13)      July   17. 
A  Workman's  Cottage  for  150  Pounds.*    Frank  H.  Heaven.      (104)      July  18. 
Load-Extension    Diagrams.*     W.    E.    Dalby.      (Paper    read    before    the    Royal    Soc.) 

(11)      July   18. 

•Illustrated. 
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Structural— (Continued ). 

Tlir  Worlds  HiBlust   Offire   Building.*     Charles  E.    Knox.      (27)      .Tuly  19. 

I  iftiTniination    of    Moments    in    Continuous    IJoams.*     W.    A.    Slater.      (14)      July    19. 

Ri'infort'ed  Concrete  Details  of  a   Large   Paint   Shop.*      (14)      July   19. 

Handling  Cement   in   Bulk.*    J.   H.    Libberton.       (14)      July   21. 

Results    of    Field    Tests    of    ConiTete    Disintegration    by    Immersion    In    Sea    Water.* 

P.    H.    Bates,    A.    J.    Phillips    and    Rudolph    .).    Wig.       (From-  Terliiiolooic   Paper 

No.  12,  U.  S.  Bureau  of  Standards.)       (H(>)   .luly  23;    (13)   July   in. 
The    Construction    and    Use    of    Empiric    Formulas.*      Cyrus    T.     Brady.    Jr.      (13) 

July   24. 
Design    of    Standard    Reinforced-Concrete    Retaining    Walls.*      H.     M.     Gibb.      (13) 

July  24. 
Powerful     Influence     of     Basic     Pigments     in     Protecting     Metals     from     Corrosion.* 

Henry   A.   Gardner.      (14)      July   2(i. 
Note   sur   le  Calcul   des   Poutres   en    Beton    Armc.*      Tessier.      (43)      Mar. 
Note    CorapK'mentaire    sur    le    Calcul    des    Hourdis    en     Beton    Arme-.*      .1.     Resal. 

(43)      Mar. 
Action  des  Acides.  des  Huiles  et  des  Corps  Gras  sur  le  Beton.      (84)      Apr. 
.■Applications    Pratiques    des    Instructions    Ministerielles    du    20    Octobre,    1906    rela- 
tives   au    Calcul    des    Pieces    Flechies   en    Beton    Arme.*      N.    de   Tedesco.       {33) 

Apr.   26. 
Rectification  des  Matieres  Premieres  Chimiquement  Incompletes.      (84)      May. 
Le   Nouvel   Abattoir  d'Anger.s    (Marne-et-Loire. )  *      Jules   Blitz.      (35)      Serial   begin- 
ning May. 
Sur    TActivite    Relative   des   Grains    de   Cement   selon    leur    Degre   de    Finesse.      (84) 

June. 
Divergences  entre  la   Structure   et   la  Composition   de   Certain  Aciers.*      Bres.      (93) 

July. 
Graphische  Tafeln  fiir  Eisenbetontrager.*      W.  Vieser.      (81)      Pt.  3. 
Die    Berechnung    der    Rahmentrager    mit    besonder    RUcksicht    auf    die    Anwendung. 

Fr.    Engesser.      (49)      Serial    beginning    Pt.    4. 
Das  Neue  Rathaus  der  Stadt  Hannover.*      Rowald.      (81)    Pt.  4;    (40)    June  21. 
Versuche     mit     Eisenbeton-Saulen.*      M.     Rudeloff.      (51)      Serial     beginning     Sup. 

No.    10. 
Entwurfskizzen     fiir     den     Neubau     eines     Koniglichen     Opernhauses     in     Berlin.* 

Hermann    Dernburg.      (40)      Jan.    29. 
Zur   Kenntnis  des   "Weissen   Stern-Zementes"   der  Portland-Zementfabrik   "Stern"   in 

Finkenwalde  bei    Stettin.      M.   v.   Glasenapp.      (52)      Mar.   15. 
Rechnerische   Auflosung   von    Fiinfgliedrigen    Elastizitatsgleichungen.*      A.    Ostenfeld. 

(69)      Apr. 
Die     Kassettenplatten     als     Dacheindeckung,     Fachwerkfullung    und     Fusswegbelag.* 

Franz    Czech.      (69)      Apr. 
Eine    Graphische    Bestimmung    der    Maximalmomentenflachen    bei    Tragern    mit    Be- 

weglicher   Last.*      R.    Schumacher.      (69)      Apr. 
Festigkeit   von    Ziegelmauerwerk    und    ihre   Abhangigkeit    von    der    Art   des    Mortels.* 

O.    Wawrziniok.      (80)         Apr.    22. 
Einrichtungen    Englischer    und    Amerikanischer    Materialprufungsanstaltcn.*       Viktor 

Luftschitz.      (53)      Serai  beginning  .\pr.  25. 
Dacheindeckungen   mit  Gebrannten  Ziegeln.*      (80)      Apr.  29. 
Feuerschutz.*      Bosenberg.      (69)      May. 

Versuche   an   Schmiedeeisernen    Blechtragern.*      K.    A.   Mullenhoff.      (69)      May. 
Das     Neue     Stadthaus     in     Bremen.*      Gabriel     von     Seidl.      (51)      Serial     beginning 

May  3. 
Stampfasphaltarbeiten  im  Eigenbetrieb  unter   Benutzung  einer  festehenden  Gemauer- 

ten  Darre.*      Brech.      (39)      May  5. 
Ueber    den    Einfluss    des    Zements    auf    die    Druckfestigkeit    im    Kalkmortel.*       Bra- 

bandt.       (40)      May    7. 
Ueber      Schalldurchlassigkeit      von      Baumaterialien      und      Ausgefiihrten      Wanden. 

Rudolf   Ottenstein.      (7)      May    10. 
Die    Neuen    Staatlichen    Bauten    in    Bad    Kissingen.*      Max    Littmann.      (51)      Serial 

beginning   May    14. 
Der    Beigungsfeste    Rahmen    mit    Flachenlagerung.*      Max    Ritter.      (107)      May    17. 
Amerikanische  Getreidetrockner.*      J.  F.   Hoffmann.      (48)      May  24. 
Das    Neue    Kaiser-Friedrich-Bad    in    Wiesbaden.*      (40)      Serial    beginning    May    24. 
Ueber    Fundamentplatten    fiir    Einzellasten    unter    Besonderer    Beriicksichtigung    der 

Kreisplatte.*      Lewe.      (78)      May    26. 
Die     Erweiterungsbauten     In     Eisenbeton     der     Deutsch-Amerikanischen     Lederwerke 
Becker     and     Co.,     Offenbach-Biirgel     A.     M.*      Jean     Worrlein.      (78)      Serial 
beginning   May    26. 
Unfallverhiitungsvorschriften    fiir    Eisenbetonbau.      B.     Loser.      (78)      May     26. 
Die  Teilung  Trapezformiger  Flachen    in   n    Inhaltsgleiche   Streifen.*      Henkel.      (78) 

May   26. 
Bruchversuche   mit   Hetzerbindern.*      Ch.   Chopard.      (107)      May   31. 
Die     Verwertung     der     Hochofenschlacken      zu      Bauzwecken.*        E.      Elwitz.      (48) 
May  31. 


*  Illustrated. 
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structural— (Continued). 

I>;is  Vtrluiltiiis  Zwisclicu  Teinperatur  uiid  Stabspannung  bei  Zugversuchen.  S.  J. 
Iirusihiiiiii.      16^)      June. 

Beitrag    zur    Berechnung   von    Stelfrahmen.*      A.    Haupt.      (69)      June. 

Das  Deutsche  Opernhaus  zu  Charlottenburg.*  Helnrich  Seeling.  (51)  Serial 
beginning   June   4. 

Gebaudeblitzschutz.      S.   Ruppel.      (41)      June   5. 

.'\bKeiinderter  Entwurf  zum  Ausbau  des  Freiburger  Domes.*  Albert  Hofmann. 
(51  )      June   7. 

I'roisbeworlung   von    Portlandzement.*      Spindel.      (80)      June   7. 

Doppelt    .\rniierte    Eisenbeton-Querschnitte.*      Otto    Leuprecht.      (107)      June    7. 

Beton  und  Ei.senbeton   in  Danemark.*      (80)      June  10. 

Verfahren  Einer  Rasehen  und  Genauen  Massenberechnung  von  Saulenfundamenten. 
G.   Sickinger.      (78)      June  12. 

Eisenbetonbauten   fiir  Zellulosefabrikation.*      J.   Rieser.      (107)      June   14. 

Ueber   Erschiitterungen.*      R.    Berger.      (7)      .June   14. 

Das  Deutsche  Stadion   im  Grunewald  bei   Berlin.*      (40)      June  14. 

Das    Deutsche    Stadion    Ganz    aus    Beton    und    Eisenbeton    Erbaut.*      (80)      June    14. 

Eiskelleranlagen    in    Eisenbeton.*     Hans    Schafer.      (78)      July    1. 

Reiner   Oder   "Vertalschter"    Portlandzement  ?     Ernst    Schick.      (78)      July    1. 

Therniische  und  Akustische  Isolierungen.  Fr.  Braikowich.  (53)  Serial  begin- 
ning July  4. 

Topographical. 

Stereo  Photo  Surveying.*    Henry  Hess.      (58)      May. 

Surveying  by   Photography.    Benj.   Smith  Lyman.      (58)      May. 

Etude   sur   le    Trace   des   Courbes   par   Rayonnement.*     James    Boudet.      (35)      Serial 

beginning  July. 
Zweckverband  und  Vermessungswesen.    Abendroth.      (39)      May  20. 

Water  Supply. 

Notes  on  the  Laramie  Tunnel.*    David  W.  Brunton.      (56)      Vol.  43. 

The  Lowell  Water  Works  and  Some  Recent  Improvements.*  Robert  J.  Thomas. 
(28)      Mar. 

Report  of  Committee  on  Water  Consumption  Statistics  and  Records.  (New  Eng- 
land Water  Works  Assoc.)       (28)      Mar. 

Hydroelectric    Developments    at   Niagara   Falls.*      Albert   F.    Ganz.      (8)      Apr. 

The  Importance  of  Meteorological  Data  in  Engineering.     George  S.  Bliss.      (2)      Apr. 

Water  Conservation   in   Europe.*     Kenneth   C.   Grant.      (98)      Apr. 

Two-Stage  Centrifugal   Pump.*      (12)      Apr.   25. 

Porto  Rico   Irrigation  Service.*    W.   L.   Squire   and  F.   H.   Knapp.      (36)      May. 

Waterproofing  Huntington  Water  Tower.*    F.  William   Stocker.      (60)      May. 

The  Cause   and   Detection   of  Water  Waste.      (96)      May   1. 

The  Distributing  System   of  New  York's  Water  Supply.      (96)      May   1. 

Note  on  James  Thomson's  V-Notches.     H.  S.  Rowell.      (11)      May  2. 

Leaks  in  the  Assouan   Dam.*      (12)      May  2. 

Method  of  Constructing  a  Hydroelectric  Power  House  and  Dam  on  Sand  Founda- 
tions.*     (86)      May  7.  .   ^^ 

The  Elimination  of  Taste  in  Water  Treated  with  Calcium  Hypochlorite.*  Arthur 
Lederer  and  Frank  Bachmann.  (Abstract  of  paper  read  before  the  HI.  Water 
Supply  Assoc.)       (13)    May  8:    (96)    July  3.  „    .       x^,     .   . 

.•\n  Interesting  Hydraulic  Investigation.*  (Report  of  the  Ontario  Hydro-Electric 
Power  Comm.)       (96)      May  8.  ,    ^    ,  .,. 

The  Efficiency  of  Coagulating  Basins.  W.  F.  Monfort.  (Paper  read  before  the 
Illinois   Water  Supply   Assoc.)       (96)      May   8. 

Hydro-Electric  Possibilities  of  the  Maitland  River,  Ontario.  H.  G.  Acres.  (Report 
to  the  Ontario  Hydro-Electric   Power   Comm.)       (96)      May   8. 

I'nestimated  Cost   in  the  Development  of  Irrigation   Projects.      (14)      May    10. 

Traveling  Crane  for  Casting  Concrete  Blocks  for  Kensico  Dam.*      (14)      May  10. 

\ppraisal  of  Waterworks  Properties.  Douglas  A.  Graham.  (Abstract  of  paper 
read  before  the   Illinois   Water  Supply  Assoc.)       (14)      May   10. 

The    Rainfall    and    Flood    Conditions    in    Ohio.    Mar.    23    to    28,    1913.*     J.    Warren 

Mockfjard   Hydroelectric   Development,   20  000-Horsepower   Plant   in   Sweden.*      (14) 

May  10 
Fire 'streams    from    Small    Hose    and    Nozzles.*     Virgil    R.    Fleming.      (Abstract    of 

paper  read  before  the  Illinois  Water  Supply  Assoc.)       (14)      May  10. 
Emergency     Installation    of    a     Sterilization     Plant     in     England.      Alec      C.     Jarvis. 

(Abstract  of  paper  read  before  the   111.   Water  Supply  Assoc.)       (14)      May   10. 
McCalls  Ferrv   Hvdro-Electric   Plant.*     Charles  H.   Bromley.      (64)      May  13. 
Cost  of  Constructing  by  Contract  Water  Pipe  Extensions  Aggregating  17.7   Miles   in 

Chicago  in   1912.      (86)      May   14. 
Construction  of  the  Kachess  Dam,  Washington.*      (13)      May  15. 
The  Cost  of  Irrigation  Works  per  Acre  Supplied  with  Water.      (13)    May   15;    (86) 

Baths  for  Miners.*  (Regulations  Under  Coal  Mines  Act  by  Home  Secy.)  (57) 
May  16;    (22)    May   16. 

*  Illustrated. 
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Water  Supply— ^Continued). 

Man.-.iTenient  of  tlio  l).i:>ville,   111.,  Waterworks.*      (14)      May  17. 

Municipal    Power    Plant   of    Eugene,    Ore.*      (27)      May    17. 

The    Design    and    Con-itructicn    of    a    2  000  000    Gal.    Circular,    Covered.    Reinforced 

Concrete   Reservoir  at   Fort   Dodge.   Iowa.*     C.   T.   Harding.      (86)      May   21. 
Diagrams  of   Discharge  Over   Sharp   Crested    Rectangular   Weirs,    Without   End   Con- 
tractions,  for  Heads  on   Crest    from   0.20  Ft.   to   10   Ft.*     R.   R.   Lyman.     (E'rom 

Bulletin   No.   5,    Utah    Eng.    Exper.    Station.)       (86)      May    21. 
Construction    Features   of    Bear   Creek    Hydraulic-Fill    Dam,    Jordan    River    Develop- 
ment.   Vancouver    Island    and    British    Columbia.*     C.    E.    Blee      (86)      May    21. 
Methods    and    Devices    for   Measuring    Water    for    Irrigation.     Albert    Eugene   Wright. 

(86)      May   21. 
Reports  on   Filtering  the  Croton   Water  Supply.      (13)      May  22. 
Water  Waste    Investigation.     W.    D.   Gerber.     (Paper    read   before  the   Illinois   Water 

Supply  Assoc.)       (96)      May  22. 
Some   Water    Supply    Problems   of   the    West.     R.    O.    Wynne-Roberts,    M.    Inst.    C.    E. 

(Paper  read  before  the  Regina  Eng.   Soc.)       (96)      May  22. 
The  (Government  and  Public  Works  of  Delhi,   India.     Tom  Salkfleld.      (Abstract  from 

Joitrnal.  Sanitary  Inst.)       (13)      May  22. 
The    Hvdro-Electric    Development  of  the   Braden    Copper   Co.*     C.   G.    Newton.      (13) 

May  22. 
The  Humphrey  Internal-Combustion  Pump  and  Some  Proposed  Developments.*      (11) 

May   23. 
Twin    Falls    Hydroelectric    Development.*     George    C.    Newton.      (14)      Serial    begin- 
ning May   24. 
Repairs  to  Breaks  in  St.  Louis  Reservoir  W^alls.*    Edward  E.  Wall.      (14)      May  24. 
Eight-Mile  Concrete  Conduit  at  Baker,   Oregon.      (14)      May   24. 
Agriculture.   Electricity   and   Irrigation.*     Putnam   A.    Bates.      (46)      May    24. 
Method  of  Moving  a  100  000  Gallon  Elevated  Water  Tank.*      (86)      May  28;      (14) 

May   31. 
A   Study   Made  to   Determine   Equitable  Water  Rates   for  the   City   of   St.   Louis,    Mo. 

Edward   E.   Wall.     (Abstract   of    Report   to  the   Board  of  Public   Improvements.) 

(86)      May  28. 
The    Effect    of    Artesian    Water    Upon    Galvanized    Steel    Pipe    at    Moline,    111.      (86) 

May   28. 
An    Interesting   Filter   Installation.*      (96)      May   29. 

Snow  Surveys  for  Predicting  Stream   Flows.*    .1.  Cecil  Alter.      (13)      May  29. 
The   World's   Largest   Water   Power    Plant    at    Keokuk.*      (27)    May    31:    (10)    July. 
Construction   Work  on    the   Prairie  du   Sac   Power   Plant.*      (14)      May   31. 
Failure  of  the  Reservoir  at  Johnson  City,  Tennessee.*    A.  H.  Purdue.      (14)      May  31. 
Efficient    Handling   of    Lime    and    Chemicals    at    the    Columbus,    O.,    Water    Softening 

and    Purification    Works.      Charles    B.    Hoover.      (60)      June. 
A    Model    Water    Supply    for    Manufacturing    Purposes     (Tennessee    Coal.    Iron    and 

Railroad  Co.).*     (60)      June. 
Water  Works  of  Daytona.  Fla.*      Geo.   A.   Main.      (60)      June. 
Hydraulic   Power   Developments   in   the   South.*      (10)      June. 

Construction   of  the  Grand   Rapids   Filtration    Plant.*     L.   D.   Cutcheon.      (60)      June. 
The    Design    of    the    Water    Filtration    Plant    at    Mt.    Vernon,    111.     S.    B.    Severson. 

(Paper  read  before  the   Illinois   Water   Supply  Assoc.)       (86)      June  4. 
Method    and    Cost    of    Making    an    IS-In.    Tap    on    a    24-In.    Water    Main    Without 

Interrupting  Service  at  Columbia,   South  Carolina.    F.  C.  Wyse.      (86)      June  4. 
Method  of  Concreting  in   Freezing  Weather  at  the  Timlskaming  Dam,   Ottawa  River 

Storage,    Ontario.      Emile   Low.      (86)      June   4. 
The  Failure  of  the  Sand   Canyon    Pressure-Tunnel   Siphon  of  the  Los  Angeles  Aque- 
duct.*     Burt  A.   Heinly.      (13)    June  5;   (14)    June  7. 
Origin  and   Theory   of  the  Pitot  Tube.*     A.   E.   Guy.      (13)      June  .".. 
Address  on   Water   Purification.      Charles   Clemesha   Smith.      (Paper   read   before   the 

In.stitution   of  Water   Engrs.)       (104)      June   G. 
Boston's    New    High    Pressure    Fire    Hydrant.*       (14)      June    7. 
Klamath    River    Hydro-Rleetri*    Development.*     J.    C.    Boyle.      (14)      June   7. 
The  Morena  Ro,k-Fill   Dam,   California.*      (13)      June  12. 
The    Valuation    of   Waterworks    Undertakings   on   Transfer   to   Municipal   Authorities. 

E     J.    Silcock.    M.    Inst.    C.    E.      (Paper    read    before    the    Institution    of    Water 

Engrs.)       (104)      June    13:      (66)      June    10. 
Water    Supply    of    Jersey.*     Alfr?d    J.    Jenkins,    Assoc.    M.    Inst.    C.    E.     (Paper    read 

before  the   Institution   of   Water   Engrs.)       (104)       June   13. 
Irrigation   Works    in    India.*     .John    Benton.      (29)      June   13. 
Concrete   Pipe  and    Overflow   Basins   for    Distributing    Irrigation    Water.*     Eugene   C. 

Mills.      (14)      June   14. 
Design    and    Operating    Features    of    .Motor-Driven    Pumps.*     Charles    A.    Carpenter. 

(27)      June  14. 
Cost   of   Hauling   Construction    Materials   for   the   Hemlock   Reservoir    Dam    and    Pipe 

Line.    Bridgeport.    Connecticut.    Waterworks.*      (86)      June    18. 
The  Disinfection  of  Lake  Michigan  Water  with  Calcium   Hypochlorite  at  Waukegan. 

Lake  Forest   and   Winnetka,    111.    W.   J.   Allen.     (Paper  read   before  the   Illinois 

Water  Supply  As.^oc.)       (86)     June   18. 

♦Illustrated. 
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Water  Supply     (Continued). 

Construction    Methods    Einplovcd   on    the    Shafts   and   Tunnel   of   the   Under-City    Sec- 
tion  of  the  Catsliill   Aqueduct.*     (From    Ileports  of  the  Board   of   Water   Supply 

of  the  City  of  New  York.)       (86)      June  18. 
A    Concrete    Lining    with    a    Felt    Waterproofing:    Eden    Park    Reservoir,    Cincinnati, 

O.,    Water    Works.*       (86)       .Tune    18. 
Methods  of  Rapid  Sand  Filtration.     George  A.  .Johnson.      (Abstract  from  U.   S.   Geol. 

Survey   Report.)       (96)      June  19. 
Sanitary    Precautions    to    Protect    the    Watershed    of    a    City    Water    Supply    During 

the   Construction   of   an    Electric    Railway.     (From   Report  of  Water   Commrs.   of 

Sprins;fleld,    Mass.)       (13)      .June    19. 
The   Completion   of   the   Los    Angeles   Aqueduct.*     Burt    A.    Heinly.      (13)      June   19. 
Filling    a    Tunnel    Cave-in    by    the    Hydraulic    Method.*      Donald    F.    McLeod.      (13) 

June  19. 
Cutting   a    20-In,   Water-Main   Connection    into   a    20-In.   Tee.*      (13)      June   19. 
A   New   Design    for   Waterworks   Intake   Cribs.*     W.    D.    Barber.      (13)      June   19. 
Animal  Growths  in  Water   Pipes.    Samuel  C.   Chapman,   M.   Inst.   C.   E.     (Paper  read 

before   the   Institution   of  Water   Engrs. )      (12)      June   20;      (104)      July   4. 
Wakefield    Corporation     Waterworks.*       Charles    Clemesha    Smith,     M.     Inst.    C.     E. 

(Paper  read  before  the  Institution  of  Water   Engrs.)       (104)      June   20. 
Water  Purification.*      (47)      June  20. 
Reasons   for   Renorting  Water  Analysis   in   Ionic   Form   in   Parts   Per   Million.     R.    B. 

Dole.      (14)      June  21. 
Laying  Submerged  Water  Main   at  Milwaukee.*       (14)      June  21. 

Supreme    Court    Decision    on    Water    Power    in    St.    Mary's    River.      (14)      June    21. 
Pressure    Regulation    for    Hydro-Electric    Plants.*      C.    A.    Tupper.       (82)      June     21. 
Efficiency    of    Coagulating    Basins:     Observations    on    the    Operation    of    the    Water- 
Clarifying   Plant   at   St.   Louis.      (14)      June   21. 
Report    on   AUentown   Water   Supply.      (14)      June   21. 
•'Tuning   I'p"    the   Minneapolis   Filter   Plant.*      (14)      June    21. 
Moose    Jaw    Water-Supply    System.*      (14)      June    21. 
Repairing    a    Break    in    a    42-Inch    Force    Main    at     Duluth.      E.    W.    Kelly.      (14) 

Jtine  21. 
Corrosion  of  Lead.     Richard  H.  Gaines.      (14)      June  21. 

Cleaning   a    Large   Settling   Reservoir.*     Joseph   W.    Ellms.      (14)      June   21. 
Reservoir  Storage  in   Relation  to  Stream  Flow.*    William  J.   E.   Binnie  and  Herbert 

Lapworth.     (Paper  read  before  the  Institution  of  Water  Engrs.)       (66)   June  24: 

(104)      June  27. 
Methods    and    Labor    Cost    of    Constructing    the    39  000  000-Gal.    Mechanical    Water 

Filtration    Plant    at    Minneapolis.     Minn.*     W.    N.    Jones,    Assoc.    M.    Am.    See. 

C.    E.      (86)      Serial    beginning    June    25. 
The    Application    of   Ozone    to    Water    Purification,    with    Special    Reference   to    Euro- 
pean Practice.      Russell   Spaulding.      (86)    June  25;   (96)    July  10. 
Toronto   Waterworks   Extensions.      (96)      June   26. 

Classification   of   Water  Consumption    in   Milwaukee,   Wis.      (13)      June   26. 
Ravstown    Hydro-Electric    Plant:    A    Concrete    Dam    with    Stepped    Spillway.*      (14) 

June  28. 
Raising  th?  Assuan  Dam.*     (14)      June  28. 
Providing   for   Ten    Million,    New   York's    Big   Drinking   Cup   Will    Eventually    Supply 

Five   Hundred   Million  Gallons  per  Day.     J.   F.   Springer.      (10)      July. 
.\n    Overestimated    Value,    Popular    Misunderstanding    as    to    the    Actual    Capacity, 

Adaptation  and  Worth  of  Water  Power  as  Compared  with  Steam  Power.*      Reg- 
inald   Pelham   Bolton.      (10)      July. 
Elephant  Butte  Dam.*      (67)    July:    (14)    May  17. 

The  Action  of  Alkali  on  Cement  Pipes.     Will   L.   Brown.      (67)      July. 
Test   of   Anchor   Bolts   at   Keokuk,    Iowa.     Charles    Keller,    M.    Am.    Soc.    C.    E.    (100) 

July. 
Forests    and    Their    Effect    on    Climate.    Water    Supply    and    Soil.*       J.    C.    Stevens. 

(Paper   read  before  the  Oregon   Soc.   of   Engrs.)      (1)      July. 
Water   Power   Decision    of  the  U.   S.   Supreme   Court.      (105)      July. 
Filtration   Plant   at   McKeesport,   Pa.*      K.   C.  Trax.      (60)      July. 
The    Design    and    Construction    of    W'orks    for    Utilizing    the    Flow    of    a    Spring    for 

Pumping     and     Water     Supply     of     Ada,     Oklahoma.*      E.     E.     Harper.      (86) 

July   2. 
Cost   of   Constructing   Extensions   to   the   Water   System   of   Ridgely,    Md.*      Clark   A. 

Bryan.      (86)      July   2. 
Pressure   Filtration    Plant   at   Harleybury,   Ontario.*      (96)      July   3. 
A    Method    of    Removing    Suspended    Colloidal    Clay    from    Drinking    Water.      M.    C. 

Doynel.      (From    La    Technique    Sanitairc    e    Municipale.)       (13)      July    3. 
The    Use    of    Hydraulic    Lime    for     a    Masonry     Dam.      Guy     S.     Newkirk.      (From 

Journal  of  Engineering,  Univ.  of  Colorado.)      (13)   July  3:    (14)   June  14. 
Mechanical   Filtration   Plant  at  Clarksburg.*      H.   W.   Streeter.      (14)      July   5. 
Storing    Lime    for    Water     Softening     (Columbus,    O.).*       Charles    P.    Hoover    and 

C.    J.    Clarke.      (14)      July    5. 
Practical    Notes    on    the    Location    and    Setting    of    Water    Meters.      H.    M.    Lofton. 
(Paper    read    before    the    Southwestern    Water    Works    Assoc.)       (86)      July    9. 
Irrigation    Pumping    Plants.      (14)      July    12. 

•Illustrated. 
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Water  Supply     (Continued). 

WiitiT-Supplv    System    in    the    Fifty- I'-ive-Story    Woolworth     liuilding,     New    York.* 

(14)      July    12. 
Test    of    a    Two-Stage    Turbine    Pump.      A.    A.    Potter    and    W.    W.    Carlson.      (64) 

.July   15. 
A     Study     in     Economic     Reservoir     Design     with     Special     Reference     to     the     New 

ti  000  000    Gallon    Reinforced    Concrete    Reservoir    at    Muskogee,    Okla.*      (86) 

.luly    IG. 
The    Tvphoid    Epidemic    at    Albany,    N.    Y.,    Due    to    the    Flooding    of    the    Water 

Filters.*      (86)      July    16. 
.\  19  000  Horsepower  Vertical-Shaft  Pelton-Type  Waterwheel  Under  1  015  ft.  Head.* 

(13)  July    17. 

p:x(avation    for    the    Arrowrock    Dam.    Idaho.*      Charles    H.    Paul.      (13)      July    17. 

The  Paterson  System  of  Rapid  Filtration.*      (11)      July  18. 

New   Reservoirs    in    Italy    and    Sardinia.*       (12)      July    18. 

Antelope  Valley  Siphon,  Los  Angeles  Aqueduct.*      \Vm.   W.   Hurlbut.       (14)      July   19. 

Drv     Feed     for     Chemicals     Used     in     Water     Purification.*       Allen     Hazen.        (14) 

July  19. 
.\n    Example  of  the  Purchase   Under   Specifications   of   Chemicals   for   Use   in   Water 

Purification.      (86)      July    23. 
Water  Waste  Prevention  in  New  York  City.     I.  M.  de  Varona.      (96)      July  24. 
A    Reinforced-Concrete    Double-Deck   Water   Tank.      (13)      July    24. 
.Auxiliary   Water   Supply   for   the   Fire   Protection   of   San   Francisco.*      A.    J.   Cleary. 

(14)  July  26. 

Water     Sterilization     bv      Ultra- Violet     Rays.*      Max      von      Recklinghausen.      (27) 

July    26 :    (19)    June    7. 
Waterworks  Extensions  at  Para.*      (14)      July  26. 
Stabilitc    des   Conduites   d'Eau   de   Grand   Diam6tre  ;    Note    Complementaire.      Goupil. 

(43)      Mar. 
La    IMstribution   d'Eau  d'Ougree.*      Jos.   Dumont.      (30)      Apr. 
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SOME  IMPORTANT  FEATURES  IN  THEIR  DESIGN. 
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It  is  llie  object  of  this  paper  to  bring  out  several  important  features 
in  some  concrete  bridges  recently  designed  by  the  writers. 

luMntnrced  concrete  is  now  being  used  in  the  construction  of 
bridges  of  all  three  types:  arch,  girder,  and  truss;  in  fact,  there  is  a 
bridge  across  the  Seine  at  Avranches,  France,  which  combines  all 
three  types:  an  arch  span  of  220  ft.,  two  girder  spans  of  o4  ft.  each, 
and  a  truss  span  of  100  ft.  There  are  two  girder  bridges  near  Pitts- 
burgh. Pa.,  one  of  To.  and  the  other  of  67  ft.  span.  In  Nashville, 
Tenn.,  tliere  is  a  railroad  bridge  which  has  two  95-ft.  spans,  consisting 
of  reinforced  concrete  bowstring  trusses. 

The  great  advantage  of  concrete  over  stone  for  bridges  is,  of  course, 
in  its  economy.  The  concrete  bridge  has  an  additional  advantage  in 
being  stronger  and  iiiucli  more  reliable,  due  to  the  absence  of  joints. 

The  mortar  in  the  joints  of  a  stone  arch  is  only  from  one-fifth  to 
one-tenth  as  strong  as  the  stone,  and  all  the  joints  are  never  completely 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  publi^hfd  in  a  subsequent  number  of  l'>-'>(  ccdings,  and,  when  finally  closod.  the 
papers,   with  discussion   in   full,   will   be   published    in   Transactions. 
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filled  with  mortar.  In  arch  work  it  is  very  difficult  to  fill  completely 
with  mortar  an  accurately  cut  joint  of  considerable  area  and  small 
thickness.  The  writers  are  very  strongly  of  the  opinion  that  there 
has  never  been  constructed  a  large  stone  arch  in  which  every  joint 
was  completely  filled  with  mortar.  They  have  seen  first-class  stone 
and  brick  masonry  torn  down,  in  which  not  more  than  75%  of  the 
space  in  the  joints  was  filled  with  mortar.  On  the  other  hand,  they 
have  often  had  to  excavate  concrete  (which  had  not  been  built  with 
special  care,  but  with  a  very  cheap  class  of  labor)  in  which  there  were 
no  voids  whatever. 

The  following  is  an  example  of  the  difference  in  cost  of  construc- 
tion of  concrete  and  stone  arches.  In  the  Manhattan  anchorage  of 
the  Manhattan  Bridge  in  New  York  City,  the  cost  of  the  labor  alone 
in  setting  the  stone  in  arch  work  was  $5  per  cu.  yd.  The  stone  itself 
cost  about  $25  per  cu.  yd.,  delivered  at  the  site,  therefore  the  cost  of 
the  finished  masonry,  including  cement,  was  more  than  $30  per  cu.  yd. 
The  cost  of  this  arch  stone  would  have  been  much  greater  had  it  not 
been  for  the  fact  that  it  was  included  in  a  contract  for  a  very  lai^e 
quantity  of  coursed  dimension  stone  masonry,  so  that  the  cost  of  the 
latter  governed  the  price  of  the  arch  work. 

In  the  Rye  Outlet  Bridge,  a  reinforced  concrete  arch  bridge  of 
five  spans  of  about  127  ft.  each,  designed  by  the  writers,  and  built 
by  the  New  York  Board  of  Water  Supply,  near  Valhalla,  N.  Y.,  each 
arch  span,  containing  about  400  cu.  yd.,  was  built  in  an  average  of  10 
hours.  There  were  about  40  men  working  10  hours  on  each  span, 
therefore  there  were  400  man-hours  on  each  span,  or  an  average  of 
1  cu.  yd.  per  man  per  hour.  These  men  were  paid  from  $1.50  to  $1.75 
per  day  of  8  hours.  The  cost  of  the  labor,  therefore,  was  about  $0.22 
per  cu.  yd.  The  net  cost  of  the  materials  was  about  $4.25  for  concrete, 
and  $5  for  steel,  forms,  etc.,  giving  a  total  net  cost  of  about  $10  per 
cu.  yd.,  as  compared  with  a  little  more  than  $30  for  stone  masonry. 
The  actual  price  of  this  concrete,  including  the  contractor's  profit, 
was  $12.50,  and  of  the  stone  about  $34.00. 

There  is  one  case  in  which  the  stone  bridge  is  preferable  to  the 
concrete.  If  esthetic  features  are  paramount,  and  economy  is  not  to  be 
considered,  then  the  stone  bridge,  on  account  of  its  adaptability  to 
architectural  ornamentation  may  be  more  desirable;  yet,  even  in  this 
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Pig.  1. — Connecticut  Avenue  Concrete  Arch  Bridge,  Washington,  D.  C. 


Fig.  2. — Tool-Dresseu  Faces  of  Blocks, 
Connecticut  Avenue  Bridge. 
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ease,  with  iiUKlcni  iniprcivoiiienis  in  motliods  of  casting'  the  concrete 
facas  and  afterward  dressing:  them  with  pneumatic  tools  of  various 
kinds,  the  concrete  bridge  can  be  made  almost  as  handsome  as  the  stone 
l)rid<:e  at  mucli  less  than  half  the  cost. 

The  writers  have  heard  doubts  expressed  by  engineers  as  to  the 
weathering-  qualities  of  tool-dressed  concrete  faces.  There  is  ample 
l)roof  that  concrete  surfaces,  if  properly  proportioned  and  cast,  may  be 
dressed  with  any  kind  of  tool,  and  will  weather  much  better  than 
sandstone,  and  almost  as  well  as  granite. 

Fig.  1  is  a  view  of  the  Connecticut  Avenue  concrete  arch  bridge,  in 
Washington.  D.  C,  in  which  the  voussoirs  of  the  arches  and  quoin 
blocks  of  the  piers  are  of  concrete  with  a  mortar  face  about  1  in. 
thick,  composed  of  granite  dust  and  cement,  the  exposed  faces  being 
patent-hammered  with  a  pneumatic  tool  after  thorough  setting.  In 
dressing  these  blocks  it  was  found  that  considerable  time  had  to  be 
allowed  after  they  were  made  before  they  could  be  cut,  as  otherwise 
the  dust  would  stick  to  the  blades  of  the  haiimier  and  be  driven  up 
between  them,  breaking  the  tool. 

In  the  winter  of  1905,  when  this  bridge  was  being  built,  the  writers 
were  residing  in  Washington,  and  paid  particular  attention  to  its 
construction.  In  the  summer  of  1910,  in  passing  through  the  city, 
the  photograph.  Fig.  2,  was  taken,  showing  the  faces  of  some  of  the 
\()Ussoirs  and  quoins.  The  tool-dressed  faces  on  these  blocks  were  in 
perfect  condition,  and  appeared  as  though  they  had  been  dressed  only  a 
short  time. 

This  paper  is  largely  a  plea  for  an  arch  consisting  of  two  ribs, 
rather  than  one  with  a  solid  soffit;  with  narrow  rather  than  wide  ribs, 
find  with  deep  ribs  of  I-seetion  rather  than  of  rectangular  section. 
Ir  is  aL-^o  esjiecially  a  plea  for  the  three-hinged  as  compared  with  the 
fixed  and  two-hinged  arches. 

There  are  three  very  important  advantages  that  the  three-hinged 
arch  has  over  the  other  t^iies.  First,  in  the  simplicity  and  quickness  of 
its  analysis;  second,  in  its  adaptability  to  sites  where  rock  fnundation 
is  at  too  great  a  depth  to  be  reached;  and  third,  the  temiterature 
stresses  are  entirely  eliminated. 

The  abutments  or  piers  of  a  three-hinged  arch  may  be  founded  on 
slightly    compressible    material    without    doing    any    harm    whatever, 
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whereas   the  slightest  yielding  in  the  abutment  or  pier  of  a  fixed  or 
two-hinged  arch  is  sure  to  develop  cracks  in  the  arches. 

As  the  three-hinged  arch  is  merely  two  struts  pivoted  at  the  spring- 
ing line  and  at  the  crown,  and  curved  to  follow  the  line  of  the  equi- 
librium polygon,  they  will  rise  or  fall  at  the  crown  to  accommodate 
changes  in  the  length  of  the  struts  due  to  changes  of  temperature. 

If  the  bridge  above  the  arch  has  been  designed  so  that  the  amounts 
and  positions  of  the  loads  on  the  arch  ribs  are  known,  a  depth  of  arch 
rib  may  be  assumed,  its  weight  computed,  and  a  force  polygon  and 
pressure  line— or  equilibrium  polygon — drawn  for  the  arch;  the  arch 
may  then  be  drawn,  and  the  stresses  computed  at  the  various  joints. 
This  entire  process  can  be  done  with  a  slide-rule  in  a  single  day  by  a 
competent  man.  It  very  seldom  takes  more  than  three  trials  to  fix 
all  the  dimensions  of  a  three-hinged  arch,  whereas  it  will  take  several 
days  for  each  analysis  of  the  fixed  arch. 

The  correct  center  line  for  the  three-hinged  arch  should  be  drawn 
as  follows :  Assume  the  arch  to  have  one-half  the  span  fully  loaded 
and  no  live  load  on  the  other  half.  Draw  the  equilibrium  polygon  for 
both  the  loaded  and  unloaded  sides,  then  draw  a  line  for  the  center 
line  of  the  arch  midway  between  the  two  polygons,  as  nearly  as  may  be, 
by  taking  not  more  than  three  centers.  It  is  known  that  the  equi- 
librium polygons  for  the  arch  fully  loaded  and  with  no  load  will  lie 
between  the  polygons  for  the  half  loaded  and  half  unloaded  sides; 
therefore,  it  is  known  that  the  center  line  drawn  is  for  the  most  extreme 
positions  of  the  equilibrium  polygon.  This  may  be  called  drawing  a 
pressure  line,  and  building  an  arch  around  it,  and  is  the  economical 
way  to  design  an  arch,  as  the  writers  can  testify  from  experience. 

The  three-hinged  arch  has  two  slight  disadvantages  as  compared 
with  the  fixed  arch.  First,  the  cost  of  the  hinges;  and  second,  its 
somewhat  awkward  appearance  on  account  of  the  necessarily  increased 
thickne.ss  at  the  haunches.  The  second  of  these  cannot  be  avoided, 
but  the  saving  in  concrete  in  an  arch  of  large  span  much  more  than 
pays  for  the  hinges. 

Fig.  3  shows  two  bridges  which  are  identical  in  design  above  the 
arch  ribs:  one  consists  of  two  fixed,  and  the  other  of  two  three-hinged 
arch  ribs.  On  Plate  LXXV  are  shown  cross-sections  of  these  bridges. 
The  stresses  in  the  arches  of  these  two  bridges  are  about  the  same; 
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that  in  the  fixed  arch,  however,  runs  up  to  almost  10%  more  than  tliat  in 
the  other  near  the  springing  line. 

The  stress  from  the  temperature  in  the  fixed  areh  here  shown  is 
in  some  places  40%  of  the  total,  assuming  a  rise  and  fall  of  40°  Fahr. 
from  the  mean  temperature.  An  additional  objection  to  the  fixed  arch 
is  the  uncertainty  of  temperature  stresses.  Conservative  engineers 
generally  assunu-  a  variation  of  40°  Fahr.  each  way  from  the  mean. 
Some,  however,  assume  a  total  variation  of  40  degrees.  The  writers  do 
not  believe  this  to  be  good  practice,  for  the  reason  that  the  time  of  the 
construction  of  the  ai'ches  cannot  be  specified,  therefoi'e  some  may  be 
built  in  quite  cold  weather,  and  others  when  the  weather  is  warm. 
In  the  Kye  Outlet  Bridge,  for  exami^le,  the  first  arch  was  poured  in 
April,  when  the  average  temperature  was  about  50  degrees.  This  arch, 
therefore,  probably  has  a  variation  of  about  40°  each  way  from  the 
setting  temperature.  The  last  arch  was  poured  about  July  1st,  when 
the  average  temiierature  was  more  than  70  degrees.  As  concrete  sets 
at  a  temperature  several  degrees  above  that  of  the  surrounding  air, 
the  i)robable  maximum  drop  in  temperature  below  that  of  setting 
will  be  about  65  degrees.  The  other  arches  range  between  these  two, 
all  of  them,  prol)al)ly,  having  a  greater  fall  than  rise.  This  uncertainty 
cannot  be  guarded  against,  as  it  is  manifestly  impossible  to  specify 
at  just  what  time  of  the  year  the  arches  shall  be  constructed.  If  a 
bridge  is  safeguarded  against  this  uncertainty  by  designing  the  arches 
for  a  variation  of  60°  each  way  from  the  setting  temperature,  it  greatly 
increases  the  cost,  and  renders  the  three-hinged  arch  still  more 
economical  in  comparison. 

Fig.  8  shows  a  fixed  and  a  three-hinged  arch.  Their  construction, 
with  the  exception  of  the  arch,  is  the  same.  On  Plate  LXXV  there  is 
shown  a  cast-steel  hinge  for  the  three-hinged  arch,  similar  to  those  used 
ill  the  Traver  Hollow  Bridge  now  being  built  by  the  New  York  Board 
of  Water  Supply.  On  Plate  LXXV  is  shown  a  granite  hinge.  The 
cost  of  the  steel  in  the  hinge  would  be  about  6  cents  per  lb.,  and  of  the 
bronze  pin  and  lining  about  30  cents  per  lb.  The  cost  of  the  granite 
would  be  about  $50  per  cu.  yd.  and  the  lead  about  8  cents  per  lb.  The 
cost  of  the  concrete  for  the  Kye  Outlet  Bridge  would  be  about  $12.50 
per  cu.  yd.  The  (piantity  of  concrete  in  the  fixed  arch  span  on  Fig.  3 
is  380  cu.  yd.;  that  in  the  three-hinged  arch  is  200  cu.  yd.  The  dif- 
ference in  cost  of  the  two  bridges,  therefore,  would  be  as  follows : 
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With  Metal  Hinges. 

Fixed  arch,  excess  in  concrete,  180  cu.  yd.  at  $12.50 $2  250 

Tliree-hinged  arch,  steel  hinges,  11  000  lb.  steel  at  6  cents. .  .$660 
Three-hinged  arch,  bronze  pin,  etc..  600  lb.  bronze  at  30  cents .   180 

840 


Difference  in  favor  of  the  three-hinged  arch $1  410 

With  Granite  Hinges. 

Fixed  arch,  exces.s  in  concrete,  180  cu.  yd.  at  $12.50 $2  250 

Three-hinged  arcli,  granite  hinge,  9  cu.  yd.  at  $50 $450 

Three-hinged  arch,  sheet  lead,  600  lb.  at  8  cents 48 

498 

Difference  in  favor  of  tlie  three-hinged  arch $1  752 

The  ribs  of  this  arch  are  rather  too  wide  for  a  stone  hinge,  as  it 
is  not  good  practice  to  cut  a  thin  stone  9  ft.  in  length,  and  it  is  not 
desirable  to  ha.ve  a  joint  in  the  hinge.  If  the  arch  rib  is  wider  than 
6  or  7  ft.,  it  is  better  to  use  a  metal  hinge;  if  it  is  of  less  width,  a 
stone  hinge  may  be  used  with  advantage,  as  it  is  very  simple  and 
economical. 

Wlien  the  arch  span  is  200  ft.  or  more  there  is  a  decided  economy 
in  making  the  rib  of  I-section  instead  of  rectangular.  By  building  the 
rib  of  this  section  there  is  a  gain  in  two  ways.  A  portion  of  the 
concrete  is  taken  from  along  the  neutral  axis  of  the  arch,  where  it  does 
the  minimum  amount  of  good,  and  a  portion  of  it  is  replaced  along 
the  upper  and  lower  edges  of  the  rib  as  flanges,  where  it  will  act  to 
much  greater  advantage.  These  flanges  should  not  project  very 
far,  and  the  slopes  connecting  them  with  the  web  should  be  quite 
steep,  so  that  there  will  be  no  difficulty  in  filling  the  flanges  completely 
with  concrete.  The  web  should  be  left  sufficiently  wide  to  contain 
two  steel  ribs,  with  room  between  them  in  which  the  men  may  move 
about  in  placing  and  ramming  the  concrete.  This  makes  the  minimum 
satisfactory  thickness  of  the  web  about  3  ft.  The  flanges  should  not 
project  more  than  12  or  15  in.  from  the  web,  therefore,  with  a  3-ft. 
web,  the  width  of  the  rib  would  not  be  more  than  5  or  5^  ft. 

The  analysis  of  the  rib   of  I-section  is  just  as  simple  as  that  of 
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rectangular  section,  except  in  computing  the  stress  in  the  outer  fibers. 
On  account  of  the  moment  of  inertia  of  the  I-section  being  more 
complicated  than  that  of  the  simple  rectangle,  the  process  of  com- 
puting the  stress  at  the  joints  is  longer  and  more  tedious. 

On  Fig.  4  are  shown  two  three-hinged  arch  bridges  with  ribs  of 
the  same  width.  In  one  the  ribs  are  of  I-section,  and  in  the  other 
the  section  is  rectangular.  The  ribs  are  designed  so  that  the  stress 
in  the  outer  fibers  is  the  same  in  both  cases.  The  portion  of  the 
structure  above  the  arch  is  the  same  in  each  of  the  bridges.  In  the 
arch  of  the  bridge  with  ribs  of  I-section  there  are  420  cu.  yd.  of 
concrete;  and  in  the  other  there  are  490  cu.  yd.  Thus  there  is  a  saving 
of  70  cu.  yd.  of  concrete  in  the  arch  of  I-section  over  the  other. 
There  will  also  be  a  slight  saving  in  the  hinges,  as  the  thrust  thereon 
is  materially  less  on  account  of  the  concrete  in  each  rib  having  been 
reduced  35  cu.  yd.,  or  140  000  lb.  There  will  also  be  a  slight  saving 
in  the  abutments,  due  to  the  same  cause.  However,  neglecting  entirely 
the  saving  in  the  two  latter  cases,  the  sum  saved  by  building  the  ribs  of 
I-section  is  more  than  $800  for  the  single  span. 

The  question  might  be  asked :  why  would  it  not  be  better  to  in- 
crease the  depth  and  decrease  the  width  of  the  rectangular  rib,  making- 
it  as  small  in  area  as  the  I-section,  without  overstressing  it  ^ 

The  objection  to  doing  this  is  that  the  ribs  have  to  be  braced  at 
certain  intervals;  and  between  the  point  of  attachment  of  these  braces 
they  act  as  struts.  A  strut,  to  be  economically  designed,  should  be 
equally  strong  in  all  directions.  If  the  rib,  therefore,  should  be  built 
three  or  four  times  deeper  thaai  wide,  it  would  be  much  weaker,  act- 
ing as  a  strut,  unless  the  bracing  was  put  in  at  shorter  intervals; 
the  increase  in  concrete,  due  to  the  additional  bracing,  would  counter- 
balance the  saving  in  the  rib,  and  nothing  would  be  gained  thereby; 
and  the  arch  will  not  have  been  as  well  designed.  The  bracing  was  not 
considered  in  the  comparison  of  the  arches,  it  being  assumed  as  the 
same  in  both  cases,  as  the  ribs  are  of  the  same  width. 

Another  and  most  important  point  in  the  design  of  a  concrete  arch 
bridge  is  the  shape  of  the  piers.  Following  out  the  same  idea  as  in 
the  arch,  that  is,  to  get  as  much  of  the  concrete  as  possible  placed 
well  away  from  the  neutral  axis,  it  is  very  desirable  to  build  the  piers, 
from  a  short  distance  below  the  springing  line,  in  two  separate  legs, 
braced  at  whatever  intervals  may  be  necessary,  or,  in  extreme  cases, 


Papers.] 


DESIGN  OF  CONCRETE  BRIDGES 


1203 


1'30-i:  DESIGN  OF  CONCRETE  BRIDGES  I  Papers. 

c 

connecting-  them  by  a  thin  diaphragm  down  to  where  they  enter  the 
ground.  These  legs  should  be  made  as  thin  as  the  nature  of  the  ease 
will  allow,  in  direction  transverse  to  the  axis  of  the  bridge;  but,  in  the 
direction  of  the  axis  of  the  bridge,  they  should  thicken  as  required 
in  order  to  kee])  the  point  of  application  of  the  resultant  of  all  forces. 
acting  on  any  joint,  within  the  middle  third,  and  also  to  keep  the 
stress  within  the  desired  limits. 

In  a  rectangular  pier,  generally',  if  it  is  desired  to  keep  the  line  of 
pressure  within  the  middle  third,  the  stress  will  not  be  nearly  as  great 
as  it  is  proper  to  allow,  and  yet  it  is  not  good  practice  to  let  the  point 
of  application  of  the  resultant 'lie  outside  the  middle  third,  and  thus 
cause  tension  in  the  joint.  On  the  other  hand,  with  the  braced  pier, 
one  is  able,  with  a  little  care,  to  design  a  pier  which  will  have  the  line 
of  pressure  within  the  middle  third,  and  also  have  the  stress  at  about 
the  figure  desired,  thereby  obtaining  a  pier  of  maximum  economy. 

On  Plate  LXXVI  there  are  two  piers  illustrating  this  point.  The 
first  is  a  braced  pier  somewhat  similar  to  those  in  the  Eye  Outlet 
Bridge.  From  a  short  distance  below  the  springing  line  the  pier  con- 
sists of  two  separate  legs,  braced  at  two  points.  This  pier  is  of  about 
the  same  height  as  two  of  the  piers  of  the  Rye  Outlet  Bridge.  The 
second  is  an  ordinary  solid  pier  of  rectangular  section  of  the  same 
height.  Both  piers  are  designed  so  that  the  pressure  line  cuts  the 
middle  third  point  of  all  joints.  On  comparing  these  two  piers  it  will 
be  seen  that  the  stresses  in  the  braced  pier  remain  quite  uniform, 
except  near  the  bottom,  where  they  increase  a  moderate  amount.  In 
the  upper  part  of  the  rectangular  pier,  however,  the  stresses  are  too 
low  for  economy,  and  yet  it  is  not  desirable  to  increase  the  stress  by 
allowing  the  pressure  line  to  go  outside  the  middle  third,  and  cause 
tension  in  the  joints.  The  difference  in  the  quantity  of  material 
in  these  two  piers  is  surprising;  the  braced  pier  has  only  1  785  cu.  yd. 
of  concrete;  the  solid  pier  has  2  825  cu.  yd.,  a  difference  of  1  040  cu.  yd., 
or  58%  of  the  braced  pier,  and  37%  of  the  solid  pier.  The  difference 
in  cost  of  the  two  piers,  therefore,  is  about  $6  000.  The  braces  in  the 
pier,  however,  are  of  reinforced  concrete,  which  tends  to  decrease  the 
difference  somewhat;  but,  on  the  other  hand,  if  the  earth  excavation 
is  deep,  and  within  a  coffer-dam.  there  will  be  much  less  excavation 
for  the  braced  than  for  the  solid  pier,  which  increases  the  difference 
in  the  cost.     Piers  of  this  shape  are  not  handsome,  but  if  economy  is 
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iiii  iiiii'orTiuit  consideration,  they  are  very  desirable;  and  if  tliey  are 
to  he  hidden  hy  the  water  from  a  short  distajiee  below  the  springing 
line,  as  in  the  Itye  Outlet  Bridge,  they  will  not  detract  from  the 
appearance. 

This  type  of  iiier  is  especially  economical  for  a  bridge  in  running 
water  in  which  there  is  likely  to  be  heavy  blocks  of  ice  or  logs  of  wood 
moving  rapiiUy.  By  jjutting  a  cut-water  on  the  up-stream  side  to 
detiect  such  objects,  and  spreading  the  legs  of  the  pier  rapidly  and 
connecting  them  with  a  thin  diaphragm,  the  bridge  can  be  braced 
thoroughly  with  very  little  additional  masonry  in  the  piers.  In  a  very 
cold  climate,  where  hieavy  ice  is  likely  to  form  about  the  piers,  the 
connecting  diaphragTn   should   contain  steel  reinforcement. 

In  all  the  bridges  on  the  accompanying  illustrations  the  width 
is  the  same;  therefore  a  comparison  of  the  quantity  of  concrete  per 
linear  foot  of  arch  gives  a  fair  idea  of  the  economy  of  tlu^  arches 
alone.  The  quantity  of  arch  concrete  per  linear  foot  of  span  in  each 
of  the  bridges  shown  is  as  follows: 

Fig.  3,  fixed  arch,  ribs  9  ft.  wide 3.00  cu.  yd. 

Fig.  3,  three-hinged  arch,  ribs  9   ft.  wide 1.57     "  '' 

Fig.  4.  three-hinged  arch,  rectangular  ribs.  5  ft.   wide...  2.33     ''  " 

Fig.  4,  three-hinged  arch,  I-section  ril)s.  .">  ft.    wide 2.00     "  " 

From  this  it  is  seen  that,  with  the  narrow  ribs,  although  the  abut- 
ments are  50%  farther  apart,  there  is  very  little  more  concrete  ]ier  linear 
foot  than  in  the  shorter  three-hinged  arch  with  ribs  9  ft.  wide. 

The  writers  think  tliat  the  following  conclusions  are  amidy  justi- 
fied by  the  foregoing  comparative  investigations: 

First,  that  an  arch  span  consisting  of  two  separate  ribs  is  more 
economical  than  one  with  a  solid  soffit;  if  the  span  is  greater  than 
KiO  ft. 

Second,  tliat  narrow,  deep  ribs  are  more  economical  than  thin, 
wide  ones. 

Tliird,  that  the  I  hree-hin;zed  arch  i-  more  ccdiK.niical  and  I'cliable 
than  fixed  or  two-hinged  arches  for  spans  greater  than  100  ft. 

Fourth,  that  for  spans  of  200  ft.  or  more,  the  rib  of  I-section  is 
more  economical   than   the  rectangular  rib. 

Fifth,  that  piers  of  any  considerable  height  are  much  more  econom- 
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ical  if  built  of  two  separate  legs  thoroughly  braced,  thickening  rapidly 
in  the  direction  of  the  axis  of  the  bridge  as  they  go  down. 

All  numerical  computations  have  been  omitted  herein,  as  all  the 
processes  of  investigation  are  simple,  and  it  was  not  desired  to 
lengthen  the  paper  by  including  them. 

The  ratio  of  the  modulus  of  elasticity  of  steel  to  concrete  was 
taken  as  15,  and  in  obtaining  the  moment  of  inertia  of  the  sections  at 
the  various  joints  the  steel  was  considered  as  being  replaced  by  15 
times  its  area  of  concrete. 

The  Rye  Outlet  and  Traver  Hollow  Bridges  were  constructed  by 
the  Board  of  Water  Supply,  consisting  of  Messrs.  Charles  Straus, 
Charles  N.  Chadwick,  and  John  F.  Galvin.  J.  Waldo  Smith,  M.  Am. 
Soc.  C.  E.,  is  Chief  Engineer  and  A.  D.  Flinn,  M.  Am.  Soc.  C,  E., 
Depai'tment  Engineer,  Headquarters  Department,  in  charge  of  all 
design.  Charles  E.  Gregory,  M.  Am.  Soc.  C.  E.,  was  Designing 
Engineer  in  Charge  of  Design  of  Dams  and  Bridges,  and  the  writers 
had  charge  of  the  design  of  the  Rye  Outlet  Bridge  and  the  preliminary 
design  of  the  Traver  Hollow  Bridge  under  Mr.   Gregory. 
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Bv  J.  Aldex  Griffix,  Assoc.  M.  Am.  Soc.  C.  E. 


Every  now  and  then  the  question  is  raised :  ''Wliat  is  the  proper 
crown  to  give  an  asphalt  street?"  and  there  is  a  discussion  as  to  which 
of  the  many  formulas  of  to-day  gives  the  best  results. 

Having  been  asked  this  question  many  times  in  the  past  few  years, 
and  especially  while  connected  with  municipal  improvements  in  Los 
Angeles,  Cal.,  the  writer  has  given  the  matter  careful  investigation, 
and,  by  a  comparison  of  the  surfaces  proposed  by  the  various  formulas, 
has  arrived  at  the  conclusion  that  tlie  crown  rise  should  vary  with  tlie 
cross-fall  as  well  as  the  grade  of  tlie  roadway,  and  that  a  crown  con- 
siderably lower  than  that  proposed  by  the  well-known  formula  of  the 
late  Andrew  Rosewater,  M.  Am.  Soc.  C.  E.,  should  be  used  on  streets 
having  a  cross-fall  between  the  gutter  grades.  The  writer  even  favors 
one  wliich  is  slightly  lower,  where  there  is  no  cross-fall  in  the  roadway; 
and,  having  reached  these  conclusions,  he  proceeded  to  determine  the 
proper  amount  of  reduction  to  make  in  the  crown  for  varying  cross- 
falls.  After  a  great  many  experiments  he  adopted  the  following 
modification  of  Mr.  Rosewater's  formula.     This  gives  the  best  results, 

♦This  paper  will  not  be  presented  at  any  meeting,  but  written  communications 
on  the  subject  are   invited  for  publication  with   it   in   Transactions. 
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using-  one-eighth  of  the  eross-fall  plus  4  in.  as  the  reduction  factor,  but 
some  may  wish  to  change  0.12U  in  the  formula  to  0.10//,  or  even 
0.08//,  in  order  not  to  reduce  the  crown  quite  so  much;  however,  the 
following  is  recommended: 

W(100  —  4:p) 


a 


(0.127/ +  O.OC)) 


5  000 

in  which  W=  the  width  of  the  roadway  between  curbs,  in  feet; 
p  =  the  percentage  of  grade  longitudinally  on  the  street;  H  =  the 
cross-fall  of  the  street,  or  the  difference  of  elevation  between  the  high 
and  low  gutters,  in  feet ;  and  C  =  the  height  of  the  crown  above  the 
mean  gutter  grade,  in  feet. 


TABLE   1. 


a  gS 

Crown 

ItlSE, 

TOR  Variable  Cross-Falls,  in 

Feet 

TJ'O"^- 

^g.s 

|°§ 

0 

0.25 

0.50 

0.75 

1.00 

1.35 

1.50 

1.75 

2.00 

2  25 

2.. 50 

2.75 

3.00 

28 

1 

0.48 

0.45 

0.42 

0.39 

0.36 

0.33 

0.30 

28 

2 

0.45 

0.42 

0..S9 

0.30 

0.33 

0.30 

0.27 

28 

3 

0.43 

0.40 

0.37 

0.34 

0.31 

0.28 

0.25 

\\\ 

.... 

38 

4 

0.41 

0.38 

0.35 

0.32 

0.29 

0.26 

0.23 

....   i   .... 

28 

5 

0.39 

0.36 

0.33 

0.30 

0.27 

0.24 

0.21 

34 

1 

0.59 

0.56 

Q.^i 

0.50 

0.47 

0.44 

0.41 

0.38 

I 
....       • '  ■  • 

34 

2 

0.57 

0.54 

0.51 

0.48 

0.45 

0.42 

0.39 

0.36 

34 

3 

0.54 

0.51 

0.48 

0.45 

0.42 

0.39 

0.36 

0.33 

34 

4 

0.51 

0.48 

0.45 

0.42 

0..39 

0.36 

0.83 

0.30 

. . . .. 

.... 

34 

5 

0.48 

0.45 

0.42 

0.39 

0.36 

0.33 

0.30 

0.27 

". ' '   '    .... 

40 

1 

0.71 

0.68 

0.65 

0.62 

0.59 

0.56 

0.53 

0.50 

0.47 

40 

2 

0.68 

0.65 

0.02 

0.59 

0..50 

0..53 

0.50 

0.47 

0.44 

'.'.'.'. 

40 

3 

0.64 

0.61 

0.58 

0.55 

0.52 

0.49 

0.46 

0.4::{ 

0.40 

.... 

40 

4 

0.61 

0.58 

0.55 

0.53 

0.49 

0.46 

0.43 

0.40 

0.37 

40 

5 

0.58 

0.55 

0.53 

0.49 

0.46 

0.43 

0.40 

0.37 

0.34 



46 

1 

0.82 

0.79 

0.76 

0.73 

0.70 

0.67 

0.64 

0.61 

0.5« 

0..^5 

46 

••> 

0.79 

0.76 

0.73 

0.70 

0.67 

0.64 

0.61 

0.58 

0.55 

0.52 

46 

3 

0.75 

0.73 

0.09 

0.66 

0.63 

0.60 

0.57 

0.54 

0.51 

0.48 

. . . . 

46 

4 

0.7t 

0.68 

0.65 

0.62 

0.59 

0.56 

0.53 

0.50 

0  47 

0.44 

46 

5 

0.68 

0.65 

0.62 

0.59 

0.56 

0.53 

0.50 

0.47 

0.44 

0.41 

.... 

56 

1 

1.01 

0.98 

0.95 

0.92 

0.89 

0.86 

0.83 

0.80 

0.77 

0.74 

0.71 

56 

2 

0.97 

0.94 

0.91 

0.88 

0.85 

0.82 

0.79 

0.76 

0.73 

0.70 

0.67 

56 

3 

0.93 

0.90 

0.87 

0.84 

0.81 

0.78 

0.75 

0.72 

0.69 

0.66 

0.63 

56 

4 

0.88 

0.85 

0.82 

0.79 

0.76 

0.73 

0.70 

0.67 

0.64 

0.61 

0.58 

56 

.5 

0.84 

0.81 

0.78 

0.75 

0.72 

0.69 

0.66 

0.63 

0.60 

0.57 

0.54 

62 

1 

1.13 

1.10 

1.07 

1.04 

1.01 

0.98 

0.95 

0.92 

0.89 

0.86 

0.83 

0.80 

62 

2 

1.08 

1.05 

1.03 

0.99 

0.96 

0.93 

0.90 

0.87 

0.84 

0.81 

0.78 

0.75 

62 

3 

1.03 

1.00 

0.97 

0.94 

0.91 

0.88 

0.85 

0.82 

0.79 

0.76 

0.73 

0.70 

62 

4 

0.98 

0.95 

0.92 

0.89 

0.86 

0.83 

0.80 

0.77 

0.74 

0.71 

0.68 

0.65 

62 

5 

0.93 

0.90 

0.87 

0.84 

0.81 

0.78 

0.75 

0.72 

0.69 

0.66 

0.63 

0.60 

72 

1 

1.32 

1.29 

1.26 

1.2:3 

1.20 

1.17 

1.14 

1.11 

1.08 

1.05 

1.02 

0.99 

0.96 

72 

•z 

1.27 

1.24 

1.21 

1.18 

1.15 

1.12 

1.09 

1.06 

1.03 

1.00 

0.97 

0.94 

0.91 

72 

3 

1.21 

1.18 

1.15 

1.12 

1.0» 

1.06 

1.03 

1.00 

0.97 

0.94 

0.91 

0.88 

0.85 

72 

4 

1.15 

1.12 

1.09 

1.06 

1.03 

1.00 

0.97 

0.94 

0.91 

0.88 

0.85 

0.82 

0.79 

72 

5 

1.09 

1.06 

1.03 

1.00 

0.97 

0.94 

0.91 

0.88 

0.85 

0.83 

0.79 

0.76 

0.73 

J'apei 
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Jt  will  be  noticed  that  ou  a  roadway  iiaviiijj;-  a  very  steep  cross-fall 
the  upper  gutter  will  not  hold  water,  which,  iu  the  majority  of  such 
extreme  cases,  will  do  no  harm,  and  will  very  often  save  a  cross-gutter 
at  the  intersection;  however,  it  may  be  desired  at  some  time  to  hold 
the  water  in  the  upper  gutter,  and  this  may  be  accomplished,  without, 
increasing  the  side  slope  of  the  surface,  by  shifting  the  crown  to  the 


FlG.l 


FiG.3. 


Fio.4. 

Upper  side  of  the  center  of  the  roadway  as  shown  in  Fig.  4,  which  indi- 
cates a  special  cross-section  at  that  point. 

Table  1  is  compiled  from  the  formula  for  the  more  common  road- 
way widths  in  Los  Angeles. 

Figs.  1  to  4  illustrate  the  comparison  between  Mr.  Rosewater's 
formula    and    the    modification    herein    proposed    on    a    40-ft.    roadway 
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having  a  1%  grade.  Fig.  1  is  for  no  cross-fall;  Fig.  2  for  a  cross-fall 
of  1  ft.  between  the  mean  gutters,  and  Fig.  3  is  an  extreme  case  with 
a  cross-fall  of  2  ft.  between  the  mean  gutters.  Fig.  4  illustrates  a  sec- 
tion in  which  the  lower  half  meets  the  formula  and  the  upper  half  is 
modified  to  hold  the  water  in  the  upper  gutter. 
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DEKIVATIOX  OF  KUN-OFF  FROM  RAINFALL  DATA/ 


Bv  Joel  D.  Justin,  Assoc.  M.  Am.  Sou.  C.  E. 


In  the  study  of  a  drainage  ba.^in  which  is  to  be  utilized  for  water 
supply  or  water  power,  it  frequently  happens  that  there  is  a  dearth  or 
utter  lack  of  run-off  data,  though  more  or  less  precipitation  data  are 
almost  always  available. 

It  was-  with  the  desire  of  finding  out  if  it  were  not  possible  to 
develop  some  rational  method  of  deriving  run-off  from  rainfall  data 
on  various  water-sheds,  that  the  present  study  was  undertaken. 

The  quantity  of  rainfall  appearing  as  run-off  on  any  water-shed 
is  governed  by  many  conditions,  chief  among  which  are  character 
of  vegetation,  extent  of  forest  covering,  prevailing  winds,  relative 
humidity  of  atmosphere,  barometric  pressure,  percentage  of  water 
surface,  geology  of  basin,  slope,  and  mean  annual  temperature. 

Before  investigating  the  manner  in  which  the  relations  between 
rainfall  and  run-off  differ  on  various  water-sheds,  the  writer  will  ex- 
aniin(>  into  the  manner  in  which  they  vary  from  year  to  year  on  any 
one   water-shed. 

The  late  George  W.  Kafter.  M.  Am.  Soc.  C.  E.,  showed  in  his  paper, 
"The  Relation  of  Rainfall  to  Run-r)ff,"f  that  the  relation  of  rainfall 

•This  paper   will   not  be  presented   at   any  meeting,   but   written   communications 
OD  the  subject   are  invited  for  publication  with  it  in  Ti-ansactions. 
+  Geological  Survey,  Water  Supply  Paper  No.  80. 
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to  run-otf  on  a  water-shed  could  often  be  expressed  as  an  exponential 
equation.  For  the  Upper  Hudson  he  gives  the  two  equations,  P-  = 
84.5  R  and  P^-^^  =  oA.?>  R ;  P  being  the  annual  precipitation  and  R 
the  annual  run-otf,  in  inches,  on  tlie  water-shed.  He  does  not,  however, 
suggest  any  constant  value  for  the  exponent  oi  P  or  R  for  other 
water-sheds. 

After  plotting  many  rainfall  and  run-off  data,  the  writer  became 
convinced  that  the  relations  between  rainfall  and  run-off  on  almost 
every  water-shed  could  be  expressed  by  a  logarithmic  equation,  of  the 
form,  C  ^=  K  jB",  in  which  C  =  annual  run-oft",  7i  =  annual  rainfall, 
K  is  an  abstract  number,  constant  for  any  one  water-shed,  and  n  is  an 
exponent  constant  for  the  water-shed. 

In  solving  the  equations  it  was  found  that  )i  always  came  out  nearly 
equal  to  2;  hence  it  was  chosen  as  a  constant  for  all  water-sheds  and 
always  equal  to  2. 

The  writer  then  plotted,  on  logarithmic  cross-section  paper,  using 
annual  run-off  in  inches  as  ordinates  and  annual  rainfall  in  inches 
as  abscissas,  a  considerable  portion  of  the  available  reliable  data.  He 
fovmd  that  on  all  these  water-sheds  the  relation  may  be  well  expressed 
by  the  formula  : 

C  =  ER-, 
in  which  C  is  the  annual  run-off,  in  inches;  R  is  the  annual  rainfall, 
in  inches;  and  K  is  a  constant  which  is  different  for  each  water-shed, 
and  has  a  value  depending  on  those  conditions  which  make  the  rela- 
tions between  rainfall  and  run-off  on  one  watei--shed  different  from 
those  on  another. 

Most  hydrologists  in  America  choose  December  1st  as  the  beginning 
and  ending  of  the  water  year;  others  use  October  1st,  and  in  England 
September  1st  is  the  date  selected,  the  object,  of  course,  being  to 
choose  a  time  when  the  ground-water  conditions  will  be  more  likely 
to  be  the  same  from  year  to  year. 

In  the  accompanying  diagrams,  both  October  1st  and  December 
1st,  have  been  used,  the  date  for  beginning  and  closing  the  water  year 
being  stated  in  each  case. 

Accuracy  of  Data. — The  accuracy  of  existing  data  does  not  justify 
precision.  On  some  of  the  territories  for  which  diagrams  are  pre- 
sented (Figs.  1  to  19)  there  is  one  rainfall  station  per  1  000  sq.  miles 
of  water-shed.     In   the  comi)utation   of  run-off',  a   discrepancy  of  1   or 
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Run-ofF,   0.  in  Inches. 
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Run-off.  C.  in  Inches. 
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Run-olT,   C.  in  Inches. 
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Run-off,   C.  in  Inches. 
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2  in.  is  not  worthy  of  discussion.  In  most  cases  one  can  safely  assume 
a  probable  error  of  10%  in  the  observed  rainfall  for  any  one  year  for 
mo;;t  water-sheds.  The  error  in  any  individual  record  at  a  certain 
station  is  undinibtedly  less  than  this  in  most  cases,  but  when  several 
rainfall  stations  ai-e  combined  to  givo  the  rainfall  for  an  entire  water- 
shed, the  probable  error  is  increased.  In  general,  the  larger  the  number 
of  rainfall  stations  on  a  water-shed  the  less  the  probable  error. 

Run-off  records  are  usually  more 
accurate;  but,  up  to  a  few  years  ago, 
few  streams  were  accurately  gaug-ed, 
and  the  error  was  generally  positive. 
At  present  many  of  the  records  of 
the  Water  Resources  Branch  of  the 
I'liitcd  States  Geological  Survey  and 
of  many  nninici])al  water  supplies, 
are  all  that  could  be  desired;  the 
probable    error    not    exceeding    5    per  | 

c 

cent.     Perhaps  one  of  the  most  accu-  = 
rate    records,    for    purposes    of    com-  ^. " 
parison  between  rainfall  and  run-off.  I 

3 

is  that  on  the  Esopus  water-shed  '^ 
(area  239  sq.  miles)  of  the  Catskill 
water  supply  system  of  Xew  York 
City.  On  this  water-shed  there  have 
been  maintained  from  8  to  13  well- 
distributed  rainfall  stations.  The 
measurement  of  run-off  has  been  made 
at  a  concrete  weir,  especially  built  for 
the  purpose,  with  a  cross-section  corresponding  to  one  of  the  models 
used  in  extensive  experiments  at  the  Cornell  University  Hydraulic 
Laboratory,  described  in  Water  Supply  Paper  No.  200,  of  the  U.  S. 
(Jeological  Survey. 

The  relation  between  rainfall  and  run-off  on  this  water-shed  is 
-hr)\vn  in  Fig.  1.  It  will  be  noted  that  all  the  points  fall  almost 
precisely  on  the  curve.  C  =  0.01292/?-. 

When  rainfall  and  run-off  data  are  plotted  on  diagrams,  such  as 
those  presented,  tlie  probable  error  in  using  the  resulting  curves  in 
mass-curve  storage  studies  is  much  reduced. 
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Effect  of  Proportion  of  Water  Surface. — The  writer  believes  that 
many  hydrologists  have  exaggerated  the  importance  of  the  effect  of 
water  surfaces  on  a  water-shed  in  decreasing  the  quantity  of  run-off. 
Aside  from  regulating  the  distribution  of  the  run-off  throughout  the 
year,  the  effect  of  any  ordinary  proportion  of  water  surface  is  so  small 
as  to  be  negligible. 

This  is  well  shown  by  Mr.  Rafter.*  In  discussing  the  percentage 
of  water  surface  on  the  Croton  water-shed  (3.56%)  he  says: 

"It  may  at  first  thought  be  imagined  that  these  large  water  sur- 
faces exposed  to  evaporation  have  considerably  increased  the  ground 
evaporation  over  the  entire  catchment.  When,  however,  one  con- 
siders that  it  is  only  the  difference  between  what  a  water-surface 
evaporation  and  what  a  ground-surface  evaporation  would  be,  the  dif- 
ference is  seen  to  be  not  very  much.  For  instance,  assuming  the  water- 
surface  evaporation  at  36  inches  per  year  and  the  ground-surface 
evaporation  at  27  inches  per  year,  the  difference  becomes  9  inches. 
With  12  square  miles  of  water  surface  in  1900,  giving  3.56  per  cent,  of 
the  whole,  the  excess  of  water-surface  evaporation  over  ground-surface 
evaporation  is  0.32  of  an  inch,  a  quantity  which  is  so  far  within  the 
limit  of  possible  error  in  other  directions  as  to  be  negligible.'' 

Grouping  of  Data  by  Water  Years.- — In  the  comparison  of  rainfall 
and  run-off  grouped  by  water  years,  beginning  October  1st,  December 
1st,  or  some  other  date,  it  is  frequently  observed  that,  on  any  water- 
.shed,  certain  years,  having  the  same  recorded  rainfall,  have  recorded 
run-off  differing  by  from  1  to  4  in. 

In  the  diagrams,  although  most  of  the  points  fall  on  or  near  the 
curves  represented  by  the  equation,  C  =  K  R-,  there  are  some  which 
are  at  some  distance  from  the  curves.  Noting  this  condition,  many 
claim  it  as  proof  that  there  is  no  definite  relation  between  rainfall 
and  run-off.  In  reality,  the  apparent  discrepancy  is  due  merely  to 
variation  from  year  to  year  in  ground-water  conditions  on  the  date 
arbitrarily  assumed  for  beginning  the  water  year.  The  fact  that  a 
point  does  not  fall  on  the  curve,  does  not  necessarily  show  that  the 
observations  are  at  fault,  but  in  most  cases  it  does  indicate  that  the 
date  of  beginning  the  water  year  assumed  for  the  water-shed  is  not 
the  true  one  for  that  particular  year. 

It  is  an  error  to  consider  the  water  year  as  a  hard  and  fast  divi- 
sion of  time.  Many  of  the  points,  which  in  the  diagrams  plot  some 
distance  from  that  curve,  would  fall  directly  on  or  very  near  it,  had 
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the  tirst  of  the  preceding  or  siu'ccH'tlinji  month  been  U3ed  for  begin- 
ning  tlio  wntor  year. 

Tlif  true  water  year  do<,'s  not  begin  or  end  at  any  particular 
(late,  but  >liuubl  be  regulated  so  that  ground-water  conditions  are  nearly 
(•on>tant  un  the  dates  selected  for  the  beginning  of  such  years.  It  is, 
believed  that,  if  this  could  be  done,  all  points  for  which  the  data  are 
accurate  would  fall  on  or  near  the  curve  represented  bj*  the  equation, 
C  =  A'  B-. 

Owing,  liowever,  to  the  almost  utter  lack  of  data  on  ground-water 
h'vcl>,  it  is  impracticable  to  adopt  this  method  of  division.  Especially 
ill  the  study  of  large  storage  propositions,  the  apparent  discrepancios 
will  balance  each  other,  and  will  not  affect  the  conclusions. 

Manner  in  Which  the  Relations  Between  Rainfall  and  Run-off 
Vary  from  One  Water-shed  to  Another. — It  has  frequently  been  ob- 
served that,  other  things  being  equal,  a  steep  water-shed  will  have  a 
greater  run-off'  for  the  same  rainfall  than  a  flat  one.  The  water,  staying 
on  the  water-t^hed  a  shorter  length  of  time,  has  less  chance  to  evaporate. 
Mr.  Vermeule  has  shown  successfully  the  great  influence  which  the 
mean  annual  temperature  of  a  water-shed  has  on  the  relation  of  rain- 
fall tu  run-off. 

These  two  elements,  slope  and  mean  annual  temiJeratu re,  tlie  writer 
believes,  are,  in  general,  the  chief  factors  determining  the  nianner 
in  which  the  relation  between  rainfall  and  run-off  vary  from  one  water- 
shed to  another.     Hence  he  will  use  tli(>m  in  determining  the  value  of  A'. 

The  slope  of  a  water-shed  may  be  defined  as  the  difference  in  eleva- 
tion between  the  highest  and  lowest  points  divided  by  the  square  root 
of  the  area. 

The  proper  value  for  the  mean  ainiual  temperature  of  a  water- 
shed can  generally  be  determined  by  a  study  of  the  data  published  by 
the  United  States  Weather  Bureau  in  the  "Summary  of  Climatological 
Data  for  the  Imited  States,  by  Sections."  In  using  these  data,  it 
sometimes  happens,  especially  on  mountainous  water-sheds,  that  all 
the  observations  are  at  stations  in  the  valleys.  On  such  a  water-shed 
the  mean  annual  temperature  freqtuTitly  varies  directly  with  the  eleva- 
tiiiii.  In  such  a  case,  a  practical  method  of  determining  the  mean 
annual  temperature  would  be  as  follows: 

(1)  Take  the  average  temperature  at  the  stations; 

(2)  The  average  elevation  for  the  same  stations; 
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(3)  The  average  elevation  of  the  water-shed  ==  the  elevation  of  the 
highest  point  plus  the  elevation  of  the  lowest,  divided  by  2 ; 

(4)  Take  the  difference  between  the  average  elevation  of  the  sta- 
tions and  the  average  elevation  of  the  water-shed ; 

(5)  Multiply  this  by  the  mean  difference  in  temperature  per  foot 
of  increase  in  elevation ; 

(0)  Finally,  subtracting  this  from  the  average  temperature  at  the 
stations  will  give  the  mean  annual  temperature  of  the  water- 
shed. 

TABLE  1. — Values  of  K,  T,  S,  Axn  ET,  for  Various  Water-sheds. 
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In  Fig.  20,  T  is  the  mean  annual  temperature,  *§  is  the  slope  of  the 
water-shed,  determined  as  previously  described,  and  K  is  the  constant 
in  the  equation,  C  =  K  R^. 
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It  was  found  that  for  sovcral  watcr-slu'ds  having  about  the  same 
value  of  S,  K  varied  very  nearly  as  the  tirst  power  of  T.  In  Fig.  20 
the  values  of  KT  (the  product  of  K  and  T)  have  been  plotted  as 
ordinates  and  the  values  of  S  as  abscissas. 

Table  1  gives  the  values  of  K,  T,  S,  and  KT,  for  various  water-sheds, 
ricking  values  off  the  logarithmic  curve  in  Fig.  20,  and  solving  the 
equatidu, 

K  T  =  P  S-', 
P  being  the  unknown  coetficient  and  x  the  vniknown  exponent,  we  have, 
for  tlie  equation  of  the  curve,  K  T  =  0.!>;54  S^-^^^ 
but  r  =  K  R\ 

whence  C  =  0.i)34  .S*'-'^-'^  — , 

whicli   is  the  general  formula   for  the  relation  of  run-off  to   rainfall. 
C  =  Annual  run-off,  in  inches,  on  the  water-shed; 
R  =  Annual  rainfall,  in  inches,  on  the  water-shed; 
(S  =  Slope  of  the  water-shed,  equals  the  elevation  of  the  highest 
point  minus  the  elevation  of  the  lowest  point  divided  by  the 
square  root  of  the  area; 
T  =  Mean    annual    temperature    of    the    water-shed,    in    degrees, 
Fahrenheit. 
For  convenience  in  using  the  formula,  Table  2,  giving  values  of 
^0.155  ^,^^  computed.     By  usinij  tliis  table,  the  [formula  is  easily  solved. 
Thu.^^.  for  the  Kondout  water-shed,  T  =  47,  mean  R  =  46.6,  and  *S  = 
0.0664.     From  Table  2,  for  S  =  0.0664.  we  have  .S'''-^^^  =  0.()o8.     Hence 
the  expression  for  the  mean   annual  run-off  of  the  Rondout  becomes 

„  ,„    R'^  O.CioS  X  2180 

C  =  (i.!i:;4  .S"-'^^ =  0.0:M  X  =  28. r,  in. 

T  47 

In   this  case  tiie   computed  mean   aniiual   run-off  is  just  equal  to  the 
actual. 

The  character  of  the  various  water-sheds  considered  in  the  deriva- 
tion of  the  formula  varies  widely.  By  reference  to  Table  1  it  is  seen 
that  the  slope  and  the  mean  annual  temperature  vary  between  wide 
limits.  The  slojie  of  the  Genesee  is  0.0054,  and  that  of  the  Kondout  is 
0.0664.  The  mean  annual  temperature  of  the  Hudson  is  41.9  and  that 
of  the  Xeshaminy  i.s  50.6  degrees.  I^  area,  the  variation  is  from  19  sq. 
miles  for  the  Lake  Cochituate  water-shed  to  10  234  sq.  miles  for  the 
Connecticut  at  Hartford.     In  the  matter  of  forestation,  the  variation 
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TAIJr.p:     2.— Values     of     8"-'^'*     for     \'ar[()us     Valuks     ok     S. 
To  i?K  Used  in  Solving  the  Formula.  C  =  0.<.t:{4  ^S"-^^  -~— . 


s. 

.'?»•'  =  ». 

S. 

S.o-is._ 

S. 

Sfo-'". 

.S. 

50.16,._ 

S. 

5r0.156_ 

0.002 

0.382 

0.0070 

0.464     i 

0.0093 

0.484 

0.026 

0.567 

0.049 

0.628 

0.003 

0.406 

o.oori 

0.465 

0.0094 

0.484 

0.027 

0..570 

0.050 

0.630 

0.004 

0.425 

0.0072 

0.466 

0.0095 

0.485 

0.028 

0..574 

0.051 

0.632 

0.005 

0.440 

0.0073 

0.467     ! 

0.0096 

0.486 

0.039 

0.578 

0.052 

0.684 

0.0051 

0.442 

0.0074 

0.468     ! 

0.0097 

0.487 

0.030 

0.582 

0.053 

0.636 

0.0052 

0.443 

0.0075 

0.469     \ 

0.0098 

0.488 

0.031 

0.584 

0.054 

0.6.38 

0.0053 

0.444 

0.0076 

0.470 

0.0099 

0.489 

0.032 

0..'i87 

0.055 

0.640 

0.0054 

0.445 

0.0077 

0.471     1 

0.010 

0.490 

0.0.33 

0..590 

0.056 

0.641 

0.0055 

0.446 

0.0078 

0.472 

0.011 

0.496 

0.0.34 

0.592 

0.057 

0.642 

0.0056 

0.447 

0.0079 

0.473 

0.012 

0.502 

0.035 

0..595 

0.0.-)8 

0.644 

0.0057 

0.448 

0.0080 

0.474 

0.013 

0..509 

0.036 

0..597 

!     0.059 

0.646 

0.0058 

0.449 

0.(K)81 

0.475 

0.014 

0.514 

0.0,37 

0.600 

0.060 

0.648 

0.0059 

O.450 

0.(X)82 

0.476 

0.015 

0.520 

0.038 

0.602 

0.061 

0.650 

0.0060 

0.451 

0.0083 

0.477 

0.016 

0.526 

0.0.39 

0.604 

0.062 

0.652 

0.0061 

0.453 

0.(X184 

0.477 

0.017 

0.531 

0.040 

0.606 

0.063 

0.653 

0.0062 

0.454 

0.0085 

0.47S 

0.018 

0.536 

0.041 

0.609 

0.(H54 

0.654 

0.0063 

0.456 

0.0086 

0.479     i 

0.019 

0.541 

0.042 

0.612 

0.065 

0.656 

0.0064 

0.468 

0.0087 

0.479     I 

0.020 

0.545 

0.043 

0.614 

0.066 

0.658 

0.0065 

0.459 

0.0088 

0.480 

0.021 

0.549 

0.044 

0.616 

0.067 

0.659 

0.0066 

0.460 

0.0089 

0.481 

0.022 

0.55S 

0.045 

0.619 

0.068 

0.660 

0.0067 

0.461 

O.CK190 

0.482 

0.023 

0.556 

0.046 

0.621 

0.069 

0.661 

0.0068 

0.462 

0.(X191 

0.482     : 

0.024 

0.560 

0.047 

0.624 

0.070 

0.662 

0.0069 

0.463 

0.0092 

0.483     j 

0.025 

0.563 

0.048 

0.626 

! 

is  also  large,  from  the  water-shed  of  the  Genesee,  with  its  gently  rolling 
farm  lands  and  few  woods,  to  the  heavily  forested  head-waters  of  the 
Eondout  and  Upper  Hudson.  The  effect  of  forests  on  the  quantity  of 
rainfall  and  run-oft"  is  believed  to  be  slight,  but,  on  the  distribution  of 
run-off  throughout  the  year,  it  is  very  marked.  Other  things  being 
equal,  a  water-shed  which  has  been  denuded  of  its  forests  will  have  a 
much  lower  minimum  discharge  in  summer  and  will  be  subject  to  more 
violent  floods  in  times  of  high  water. 

Table  3  is  a  comparison,  for  various  water-sheds,  of  the  run-off 
computed  bj'  the  formula  and  the  recorded  observed  run-off. 

It  will  be  noticed  that  the  closest  agreement  between  the  computed 
and  the  observed  run-off  is  for  the  water-sheds  where  the  data  are 
the  most  reliable,  for  instance,  the  Hudson.  Genesee.  Esopus,  and 
Croton.  Furthermore,  where  there  is  any  material  variation,  the  com- 
l)uted  quantities  are  generally  less  than  the  observed.  Accordingly, 
the  use  of  the  formula  for  estimat&s  of  flow  will  be  likely  to  give 
quantities  which  are  less  than  the  actual,  rather  than  those  that  are 
more;  that  is,  the  error  is  on  the  side  of  safety. 

The  formula  is  also  applicable  for  the  computation  of  run-off  for 
individual  years.     For  illustration,  take  two  water-sheds,  the  Hudson 
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ami  the  Esopus.     In  the  case  of  the  Hudson,  S  =  0.0149  and  T  =  41.9, 

0.520  7?^ 

and  tlu'   fdrimihi  l)i'coiiU'S,  f  =  0.934  — , 

41.9 

or  C  =  0.0116  R-. 

In  the  case  of  the  Esopus,  S  =  0.0468  and  T  =  44.5,  and  the  formula 
0.623  i?"^ 


l.ecoMies  C  =  0.934 


44. 


0.01. •{0J?2. 


TABLE  3. —("OMi'ARisoN  Between  Observed  Run-off  and  Run-off 
Computed  by  the  Formula.  C  =  0.934  S"-'^^  —;;;-• 


Water-shed. 


Mean  annual 
rainfall 

observed, in 
inches. 


Mean  annual 
run-off 

observed,  in 
inches. 


Mean  annual 
run-off 

computed,  in 
inches. 


Difference, 
in  inches. 


Rondout 

Sudbury 

Connecticut 

Lake  Cochituate 

Esopus 

Nashua 

Tohickon 

Croton 

Perkiomen 

Passaic 

Nestaaminy 

Genesee 

Muskingum 

Hudson 


46.7 
45. T 
43.5 
47.3 
48.3 
48.7 
48.4 
49.3 
47.6 
46.8 
47.8 
40.4 
42.4 
44.5 


28.5 
23.6 
23.8 
2f).4 
3t)A 
25.4 
26.7 
22.6 
23.6 
35.3 
22.8 
14.3 
15.1 
23.5 


28.5 
21.3 
21.1 
21.5 
30.4 
28.2 
23.5 
23.0 
22.6 
20.7 
20.7 
14.9 
13.3 
22.9 


0 

2.3 

2.7 

1.1 

0.3 

2.8 

3.2 

0.4 

1.0 

4.6 

2.1 

0.6 

1.8 

0.6 


TABLE  4. — CoMPARisox  Between  Observed  and  Computed  Eun-off 
for  Various  Years,  for  the  Upper  Hudson. 


Year  ending 

December  1st. 

Rainfall 

observed, 
in  inches. 

Run-off 
observed, 
in  inches. 

Run-off 

computed  by 

formula,  in 

inches. 

Difference,  in 
inches. 

1888 

1889 

1890 

1891 

1892 

1893 

43.9 
43.0 
.50.4 
43.0 
.53.9 
42.2 
42.0 
m.7 
45.2 
46.5 
48.5 
35.8 
45.4 
42.6 

Zi.6 
21.7 
28.9 
20.6 
:«.! 
21.9 
19.4 
17.5 
23.6 
28.2 
27.1 
19.5 
20.7 
21.9 

22.3 
21.5 
29.5 
21.5 
33.5 
30.8 
20.4 
15.6 
23.7 
25.0 
27.3 
14.9 
23.8 
21.0 

1.3 
0.2 
0.6 
0.9 
0.4 
J  1 

1894 

1895 

1896 

1897 

1898 

1899 

1.0 
1.9 
0.1 
1.2 
0.2 
4  6 

1900 

1901 

3.1 
0.9 
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TABLE  5. — Comparison  Between  Observed  and  Computed  Run-off 
FOR  Various  Years,  for  the  Esopus. 


Year  ending 
October  1st. 

Rainfall 
observed, 
in  inches. 

Run-oflf 
observed, 
in  inches. 

Run  oflf 

computed  by 

formula,  in 

inches. 

Difference,  in 
inches. 

1907 

41.3 

58.0 
48.5 
49.6 
37.0 

22.4 

42.5 
30.3 

22.2 

43.8 
.SO.  5 

0.2 

1908 

1909 

1.3 
0.2 

19)0 

31.8              1              32.0              '               0.2 

1911 

19.3                           17.8                             1.5 

^ 

These  two  illustrations  serve  to  show  the  degree  of  accuracy  that 
may  he  expected  in  the  use  of  the  formula  when  the  rainfall  and  tem- 
perature data  are  fairly  accurate. 

The  Supplying  of  Missing  Records. — It  sometimes  happens  that 
only  2  or  3  years  of  good  run-off  records  have  been  kept  on  a  water- 
shed, and  that  rainfall  records  are  available  for  a  nvimber  of  years. 
In  such  a  case,  the  record  may  be  extended  in  the  following  manner. 

Plot  on  logarithmic  cross-section  paper  points  for  the  2  or  3  years 
of  known  run-off,  using  rainfall  as  abscissas  and  run-off  as  ordinates. 
Compute  the  run-off  for  several  other  years,  using  the  formula,  C  = 

i?2 


o.'.):U  S^-^^^ 


Plot  the  corresponding  p(»ints.     Then  draw  a  straight 


line  jiarallel  to  the  line,  Y  --  X'-,  among  these  points,  giving  greater 
weight  to  the  observed  data.  This  line  will  be  represented  by  the  equa- 
tion, C  =  K  R-.  Having  this  curve,  the  run-off  for  any  year  may  be 
read  off.  vising   the  rainfall  as  argument. 

Application  to  the  Mass-Curve. — Engineers  are  frequently  called 
on  to  construct  res^ervoirs  of  considerable  capacity  on  water-sheds  where 
accurate  run-off  data  are  lacking.  For  the  determination  of  the  neces- 
sary capacity  of  a  proposed  reservoir,  the  mass-curve  is  the  accepted 
method.  Having  given  a  water-shed  without  run-off  data,  but  with 
rainfall  records  available,  a  satisfactory  mass-curve  may  be  constructed 

-—  .     The  values  of  S  and  T 

are  generally  ea.sy  of  determination  for  any  particular  water-shed. 

In  using  this  formula  for  the  construction  of  a  mass-curve,  it  is 
applied  to  the  rainfall  for  each  month  consecutively,  and  the  resulting 
monthly  run-off  is  vised  in  constructing  tlie  mass-curve  in  the  usual 
manner.     Of  course,  using  the  formula  in  this  way,  the  resvilting  com- 


bv  usino-  tlie  formula,   T  :^  ().!»:!4  S^-^^ 


I 
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putcd  run-off  for  individual  months  will  often  be  very  different  from 
tlie  actual;  but.  in  the  study  of  large  water-[)ower  or  water-supply 
projects,  where  water  must  be  stored  for  several  months,  this  will  not 
affect  the  conclusions  as  to  the  necessary  size  of  the  reservoir  for  a 
jjiven  draft. 

The  most  expeditious  nicthdd  of  applying  tho  formula  for  this  pur- 
pose is  as  follows:  -  .;■      ...v.j' 

Compute  several  values  of  C  for  given  monthly  values  of  R.  Plot 
these  computed  values  of  C,  with  the  corresponding  values  of  L\  on 
louarithniic  cross-section  paper.  The  points  will  lie  in  a  straight  line. 
This  logarithmic  t-urvc  may  then  be  used  for  jjicking  off'  values  of  C 
tor  given  values  of  H. 

On  Plate  LXXVII  are  shown  two  mass-curves  for  the  Croton 
water-shed.  The  upper  curve  was  obtained  from  the  recorded  run-off" 
data,  and  the  points  on  the  lower  curve  were  computed  by  the  formula, 

C  =  <».!»;54  6'"-"^  — — .      It   will   be   noticed  that   the  cumulative   totals   of 
T 

the  observed  riui-oft'  for  37  years  differs  from  the  computed  by  about 
■>^,( .  the  computed  being  less  than  the  observed.  A  draft  on  the  water- 
shed of  1.65  in.  per  month,  or  320  000  000  gal.  per  day,  was  assumed 
and  applied  to  the  curves.  The  greatest  depletion  shown  on  the  curve 
I  if  observed  run-off  was  14.2  in.,  and  the  mass-curve  of  computed  run-off 
-bowed  a  depletion  of  18  in.,  a  difference  of  21  per  cent.  This  dif- 
ference, however,  is  on  the  safe  side.  It  is  customary  to  build  reservoirs 
with  a  capacity  of  from  20  to  30%  in  excess  of  the  depletion  shown 
liy  the  mass-curve.  Had  there  been  no  run-off  data  in  existence  on 
the  Croton  water-shed,  a  reservoir  of  sufficient  capacity  could  have 
been  decided  on  from  a  study  of  the  computed  mass-curve. 

In  a  similar  manner,  two  mass-curves  were  plotted  for  the  Xashua 
water-shed,  one  from  the  observed  run-off  data  and  the  other  from 
computed  ruii-nff'  data  obtained  by  using  the  formula.  A  draft  of 
1.852  in.  per  month,  or  125  000  000  gal.  per  day,  was  assumed.  The 
greatest  depletion  on  the  curve  of  observed  run-off  was  10  in.,  and  on 
the  curve  of  cominitcd  run-off.  12  in.,  an  error  which  is  again  on  the 
safe  side. 

The  mass-curves  of  obseiwed  run-off  and  of  computed  run-off  were 
plotted  for  the  Esopus  water-shed.  A  draft  of  1.S25  in.,  or  250  000  OOO 
gal.    ])or   day.    was    assumed.      For    the   curve    of   observed    run-off.    the 
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greatest  depletion  was  8.2  in.,  and,  for  the  curve  of  computed  run-off, 
the  greatest  depletion  was  7.5  in.  The  difference,  0.7  in.,  though  not 
on  the  safe  side,  is  so  small  that  it  could  not  affect  materially  the 
size  of  the  reservoir   decided  on. 

Conclusions. — The  writer  is  not  of  the  opinion  that  the  gauging  of 
streams  and  the  accumulation  of  run-off  data  should  be  aban- 
doned, and  the  method  herein  described  established  in  their  place. 
Accurate  run-off  data  are  scarce,  and  engineers  need  far  more.  These 
methods  and  formulas  are  applicable  to  water-sheds  where  run-off"  data 
are  meager  or  lacking,  and  it  is  believed  that  they  will  give  more 
reliable  results  than  those  now  generally  in  use. 

The  fornuila,  (J  —  0.9:54  S^-^^^  -— ,  is,  the  writer   l)elieves,  applicable 

to  the  Eastern  United  States,  and,  in  general,  should  give  results  within 
10%  of  the  true  run-off.  In  applying  the  formula  to  other  water- 
sheds, the  writer  would  advise  caution.  Although  the  formula  is 
believed  to  be  general,  it  is  possible  that,  if  more  data  were  at  hand 
on  the  relation  of  run-off  to  rainfall,  the  value  of  the  constant  (here 
0.934)  and  of  the  exponent  of  S  (0.155)  might  vary  somewhat  in  other 
sections  of  the  country,  where  there  is  a  marked  difference  in  climatic 
conditions. 

Of  course,  if  this  formula  is  applied  to  the  rainfall  for  some  par- 
ticular month  it  will  not  give  the  true  run-off.  It  has  been  shown, 
however,  that  it  may  be  used  for  obtaining  monthly  run-off,  and  that 
the  mass-curve  when  plotted  gives  depletions  which  do  not  differ 
materially  from  those  obtained  when  the  observed  monthly  run-off 
is  used  in  constructing  it. 

At  first  sight,  the  application  of  the  formula  may  appear  to  be 
complicated,  but,  by  using  Table  2.  which  gives  the  values  of  S^-^^^, 
it  is  simple;  and  if  logarithmic  plotting  is  utilized,  as  suggested,  it 
becomes  merely  a  matter  of  reading  off  the  curve. 
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The  paucity  of  recorded  information  concerning  the  treatment  of 
concrete  specimens,  with  regard  to  moisture  conditions  during  their 
storage  while  awaiting  the  test  for  strength,  seems  to  indicate  a  gen- 
eral supposition  that  this  feature  has  no  considerable  effect  on  results. 
Apparently  corroborating  this  attitude  is  the  statement  in  the  recent 
report  of  the  Special  Committee  on  Concrete  and  Reinforced  Concrete, 
in  which,  while  specifying  the  exact  dimensions,  mixing,  consistency, 
age,  etc.,  of  test  specimens,  the  only  requirement  designed  to  control 
moisture  treatment  during  their  curing  seems  to  be  that  they  shall  be 
"stored  under  laboratory  conditions."  It  is  the  purpose  of  this  paper  to 
invite  attention,  not  only  to  the  great  importance  of  specifying  and 
standardizing  the  moisture  treatment  of  specimens  intended  for  test- 
ing, but  also  to  the  further  fact  that  similar  conditions,  as  they  act 
on  the  finished  structures,  will  affect  their  strength  considerably,  and 
therefore  should  be  considered  in  specifying  the  proper  unit  stresses. 
It  is  evident  that  this  factor  should  not  be  ignored  when  great  varia- 
tions in  strength,  to  an  amount  of  perhaps  50%  above  or  below  a  mean 
value,  result  from  differences  in  moisture  conditions.  i  .ic- 
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During  the  last  six  years  this  question,  at  times,  has  been  the  sub- 
ject of  investigation  in  the  Washington  University  Testing  Laboratory. 
Different  features  have  been  explored  experimentally,  as  work  on 
graduation  theses,  since  1907  by  Messrs.  Trelease,  Feinberg,  Harris, 
Start,  Bank,  Caplan,  Bryan,  and  Keller.  Although  these  tests  leave 
the  greater  part  of  the  field  still  untouched,  the  writer  believes  the 
results  thus  far  obtained  to  be  so  definite  in  their  showing  of  a  decided 
influence  of  moisture  conditions  on  strength,  and  so  significant  in  their 
general  indications,  that  he  offers  this  summarized  statement  of  ex- 
perimental results  to  the  Engineering  Profession  for  its  consideration. 

The  most  important  part  of  the  investigation  is  that  of  the  effect, 
on  the  compressive  strength  of  concrete,  produced  by  varying  sys- 
tematically the  relative  length  of  time  of  expo.su re  in  air  and  in  water. 

The  test  specimens  were  cylindrical,  8  in.  in  diameter  and  16  in. 
high.  The  materials  were:  a  standard  brand  of  Portland  cement  which 
fulfilled  thoroughly  all  the  requirements  of  the  standard  specifications; 
a  clean  sand  of  good  quality,  weighing  about  130  lb.  per  cu.  ft.  when 
dry,  and  having  36%  voids;  and  a  washed  river  gravel  of  the  same 
weight,  varying  in  diameter  from  quite  small  up  to  IJ  in.,  and  having 
33%  voids.  The  proportions  were  the  usual  1:2:4,  by  volume; 
the  mixing  was  done  thoroughly  by  hand ;  and  the  quantity  of  water 
used  was  such  as  to  give  a  moderately  wet  consistency,  which  allowed 
a  thorough  compacting  by  stirring  with  an  iron  rod  and  a  slight  tamp- 
ing. All  details  of  fabrication,  curing,  and  testing  were  planned  so 
as  to  secure  such  complete  uniformity  as  is  practicable  to  obtain  in 
all  regards  except  the  one  for  which  the  controlled  variation  formed  the 
particular  purpose  of  the  experimental  study. 

The  cylinders  were  removed  from  the  moulds  when  2  days  old, 
and  were  tested  at  an  age  of  6  weeks.  The  intervening  40  days  con- 
stituted the  period  in  which  the  duration  of  their  immersion  in  water 
was  varied  systematically  from  nothing  to  the  full  time.  The  average 
results  of  the  240  tests  thus  made  are  plotted  on  the  diagram.  Fig.  1, 
on  which  the  abscissas  represent  that  number  of  days  (after  the  2  days 
in  the  moulds  and  the  time  of  exposure  to  air)  during  which  each  set 
of  specimens  was  placed  in  water  before  crushing  them;  and  the 
ordinates  give  the  percentage  of  strength  which  each  set  of  immersed 
cylinders  (standing  in  water  for  the  indicated  number  of  days)  was 
found  to  have,  taking  the  compressive  strength  of  the  dry  specimens 
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from  the  same  mix  as  100  per  cent.  Thus,  at  the  extreme  left  is  repre- 
sented tlie  basis  of  comparison,  or  those  whicli  were  not  immersed  at 
all;  those  specimens  whii-h  were  cured  in  air  of  ordinary  humidity 
for  32  days  and  then  immersed  for  8  days  are  shown  by  the  black  circle 
to  be  86%  as  strong  as  the  air-cured  concrete;  those  in  air  for  12  days 
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Fig.  1. 
and   thi-rt_'f()rc   tiiially   curcil    in    water    tor  2.S   days   liav(»  gained   {K^    i" 
strength;    and    those   submerged   ft)r    the   entire   40   days   exhibited    an 
average  compressive  strength  fully  r)0%   greater  than  that  of  the  air- 
cured  specimens.* 

*  Some  other  experiments  have  also  shown  that  concrete  aged  entirely  in  water  is  con 
siderably  stronger  than  when  left  continuously  in  air.  as  reported  by  Rafter,  Withey,  and 
the  Watertown  Arsenal. 
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An  average  curve  for  the  plotted  points  has  been  drawn  as  a  full 
line,  showing  the  systematic  increase  in  strength  as  the  time  of  sub- 
mergence is  lengthened  beyond  2  days;  but  there  exists  the  significant 
fact  that  specimens,  of  the  dimensions  used,  decrease  rapidly  in  strength 
when  stored  in  air  for  38  (or  more)  days  and  then  placed  in  water  for 
the  remaining  2  days  (or  less).  This  particular  feature  of  the  rapid 
loss  of  strength  on  first  exposure  to  water,  and  the  active  but  slower 
recovery  of  strength  as  soaking  continued,  required  a  mvxltiplication 
of  tests  to  determine  satisfactorily  the  locus  of  the  curve  in  this  region; 
and  consequently  more  than  half  of  the  experiments  were  concentrated 
in  this  descending  and  the  adjacent  rising  portion  of  the  plot. 

It  thus  appears  that  the  compressive  strength  of  concrete  exposed 
only  to  air  may  be  reduced  nearly  40%  when  saturated  with  water, 
but  that  this  loss  is  actively  regained  as  the  treatment  is  continued. 
The  word  saturation  is  used  advisedly,  because  the  minimum  strength 
was  found  to  coincide  practically  with  the  length  of  time  required  for 
water  to  penetrate  to  the  middle  of  the  specimens.  Very  plainly,  this 
loss  of  strength  has  no  relation  to  the  percentage  of  contained  moisture, 
as  it  is  not  only  regained  but  much  exceeded  if  the  saturation  is  con- 
tinued long  enough.  Perhaps  tlie  reduction  in  strength  is  purely  a 
temporary  physical  phenomenon  which  is  gradually  counteracted  and 
finally  dominated  by  continued  saturation  permitting  the  imperfectly 
developed  chemical  processes  of  hardening  to  proceed  actively.  If  this 
be  true,  concrete  would  regain  something  more  than  its  original  strength 
if  dried  out  as  soon  as  completely  saturated,  but  this  value  would 
be  less  than  that  attainable  by  a  continuance  of  the  water  treatment; 
also  a  repetition  of  soaking  after  such  an  experience  would  again  tempo- 
rarily reduce  the  strength,  but  less  than  before.  These  questions,  as 
well  as  others,  such  as  the  duration  of  saturation  necessary  to  pre- 
vent the  temporary  relapse  of  strength  described,  the  corresponding 
eflfects  of  other  periods  of  treatment  similar  to  that  discussed,  of  al- 
ternating the  exposure  to  air  and  water,  the  result  of  different  dimen- 
sions, proportions,  materials,  etc.,  all  offer  a  large,  interesting,  and 
fruitful  field  for  investigation. 

In  a  series  of  experiments  on  the  factors  affecting  the  strength  of 
bond  between  concrete  and  embedded  steel,  74  tests  were  made  to  de- 
termine whether  there  existed  the  same  tendency  of  rapid  weakening 
at  first  and  a  following  recovery  of  strength  when  the  dry  specimens 
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were  immersed  in  water.  The  concrete  was  of  the  same  character  as 
already  described,  and  the  test  specimens  were  partly  of  the  notched 
beam  type  transversely  loaded,  and  partly  of  cylindrical  form  in  which 
the  rod  was  pulled  from  the  embedding  concrete.  All  care  was  used 
to  make  the  methods  of  testing  such  as  to  minimize  all  variables  except 
the  particular  one  the  effect  of  which  was  sought.  The  results  indicate 
clearly,  for  both  plain  and  deformed  bars,  that  the  bond  strength  values, 
similarly,  decline  rapidly  and  then  increase  after  saturation  is  com- 
plete, as  is  the  case  with  the  compressive  strength ;  although  the  average 
minimum  observed  was  only  about  75%  of  that  of  the  specimens  cured 
entirely  in  air.  Whether  or  not  this  percentage  really  marks  the 
greatest  weakening  of  bond  produced  by  immersion  at  an  age  of  6  weeks 
is  somewhat  uncertain;  perhaps  additional  tests  for  intermediate  periods 
of  soaking  would  have  developed  a  further  reduction  in  strength.  At 
any  rate,  a  similar  behavior  characterizes  the  bond  values  obtained  dur- 
ing the  first  few  days  of  saturation. 

Thirty-two  beams  were  made  of  such  dimensions  and  amount  of 
liiiigitudinal  reinforcement  (without  any  web  reinforcement  whatever) 
that  failure  would  always  occur  through  the  effect  of  the  excessive  web 
tension  in  the  concrete.  The  materials  were  of  the  same  quality  as 
those  already  described,  and  equal  precautions  were  taken  to  secure 
reliable  results.  These  beams  were  also  tested  at  an  age  of  6  weeks, 
but  the  small  number  restricted  the  investigation  to  lengths  of  immer- 
sion designed  to  detect  only  the  early  loss  of  web  tensile  strength  and 
its  subsequent  increasing  value,  without  tracing  it  throughout  suc- 
cessively lengthening  periods  of  exposure  to  water  to  the  limit  of  40 
days.  The  characteristic  effect  is  again  the  same,  the  lowest  average 
found  being  again  practically  three-fourths  of  the  strength  of  the  air- 
cured  specimens.  It  may  be  that,  in  this  case  also,  the  minimum  value 
was  not  detected. 

A  series  of  experiments  on  concrete  prisms  when  7  years  old,  to 
detennine  any  change  due  to  age  in  elastic  properties,  has  been  dis- 
cussed previously  by  the  writer.*  It  may  be  stated,  in  reference  thereto, 
that  the  modulus  of  elasticity  of  these  old  prisms  exhibited  a  prac- 
tically constant  value  throughout  the  repeated  loadings  equal  to  the 
maximum  before  found,  which  was  about  80%  greater  than  the  final 

♦  Transactions.  Am.  Soc.  C.  E..  Vol.  LVIII,  pp.  312-1:1 
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constant  value  as  then  reported  for  prisms  of  ordinary  ago;  or  a  value 
of  4  CK)0  000  in  compression  for  that  1:3:5  limestone  concrete.  In 
these  experiments  two  specimens  were  immei-sed  in  water  until  satu- 
rated and  then  carefully  tested;  the  resulting  compres.sive  nirxUdus  of 
elasticity  for  wet  concrete  was  60%  of  tha.t  observed  on  the  same 
specimens  when  dry.  This  lowering  in  value  refers,  again,  only  to  the 
effect  produced  as  soon  as  the  saturation  is  complete;  and  has  no  refer- 
ence to  a  continuance  of  the  exposure  to  water,  such  as  is  reported  j 
on  certain  other  tests,*  where  the  figures  given  for  the  compressive 
modulus  of  elasticity  of  concrete  specimens  cured  entirely  in  water 
for  26  days  a.re  about  one-fourth  greater  than  for  those  cured  only 
in  air. 

As  the  various  strength  values  of  dry  concrete  are  temporarily  re-     j 
duced  from  25  to  40%  by  saturation,  it  would  seem  that  this  fact  should     | 
be  given  definite  consideration  in  fixing  the  working  stresses  used  in 
the  design  of  structures  which  may  be  thus  exposed,  or  else  conditions     j 
should  be  controlled  in  such  a  way  as  to  prevent  the  weakening  thus     j 
produced.     No  such  effect  occurs  in  concrete  constantly  under  water 
or  in  moist  earth  from  the  time  of  its  fabrication;  but  construction 
above  ground,  and  therefore  exposed  to  dry  air  for  a  time  and  then 
to  a  heavy  rain  or  other  source  of  rapid  wetting,  presents  conditions 
under  which  this  reduction  in  strength  exists  temporarily.    Fortunately, 
the  remedy  is  simple  and  inexjDensive.     It  is  to  keep  the  exposed  ma- 
terial thoroughly  wet   until   its   enclosure   by   exterior  walls   and   roof 
renders  its  saturation  by  rain  impossible.     The  case  of  part5  not  thus 
protected,  or  those  for  which  enclosure  is  delayed,  is  not  so  simple; 
because  the   length  of  time  of  saturation  which   will  make   the   con- 
crete  safe   against   serious   reduction   of   strength   is   uncertain.      The 
systematic  wetting  of  concrete  is  a  well-known  principle  of  good  con- 
struction ;  but  the  writ-er's  observation  and  experience  suggest  a  very 
considerable  tendency  to   regard  that  procedure   as   abstractly   correct, 
but  practically  rather  specious  or  trivial.     One  purpose  of  this  paper 
is  to  present  the  facts  in  such  a  way  that  the  frequent,  thorough,  and 
faithful  wetting  of  all  parts  of  such  concrete  structures  shall  hence- 
forth be  no  more  ignored  than  is  now  the  protection  from  freezing  or    ' 
disturbance  while  setting.    Probably  this  treatment  should  be  continued 

*  Bvlletin  No.  vn,  University  of  Wisconsin,  p.  17. 
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for  ii  lenjrth  of  tiiue  substantially  greater  than  that  heretofore  in- 
dicated— perhajis  for  a  period  expressed  in  weeks  instead  of  days. 

L'ndoubtixlly,  carelessness  in  a  thorough  control  of  this  kind  is  a 
fi-equent  eontrilniting  cause  of  weakness  which  is  sometimes  sufficient 
to  result  in  failure.  Very  evidently,  this  temporary  weakening  of  con- 
crete by  saturation  is  amply  covered  by  the  factor  of  safety  required 
by  good  practice,  if  it  be  the  only  fault;  but  the  materials  may  be 
considerably  below  standard,  or  the  workmanship  may  be  defective, 
or  the  design  may  encroach  on  the  reserve  of  safety,  or  the  occasional 
overload  may  be  imposed ;  and  if  the  material  man,  the  construction 
sui)erintendent,  the  designer,  and  the  user  of  the  structure  should  each 
rely  on  the  others  to  meet  fully  the  requirements,  in  the  expectation 
that  his  own  delinquency  will  be  safely  covered  bj'  the  factor  of  safety, 
it  would  not  require  an  impossible  coincidence  of  such  conditions  to 
cause  disaster;  especially  in  view  of  the  fact  that  considerable  varia- 
tions from  the  average  strength  values,  which  form  the  basis  of  design, 
necessarily  exist  in  different  parts  of  the  structure.  In  fact,  the  failures 
which  have  occurred  are  generally  a  result  of  several  such  contributing 
causes.  The  writer  believes  that  the  considerable  weakening  produced 
by  the  saturation  of  dry  concrete  has  invariably  been  a  contributing 
factor  in  all  those  instances  in  which  there  was  an  active  wetting  of  dry 
or  partly  dry  concrete  when  subjected  to  essential  stresses. 

This  general  proposition  furnishes  one  more  evidence  of  the  re- 
markable responsiveness  of  concrete  to  variations  in  its  treatment.  The 
fact  that  differences  in  control  (which  to  the  average  artisan  are  seem- 
ingly unimportant)  actually  do  exert  a  positive  influence  on  its  essen- 
tial characteristics,  constitutes  a  definite  warning  against  entrusting 
it  to  the  uncertainties  of  irresponsible  or  skeptical  supervision,  and 
assures  ample  reward  for  a  competent  control  which  is  correctly 
adapted  to  develop  its  capabilities.  The  susceptibility  of  steel  to  the 
influence  of  phosjjhorus  and  sulphur,  of  details  of  its  heat  treatment, 
and  of  other  conditions  occurring  in  the  process  of  its  manufacture, 
have  resulted  in  restricting  its  production  to  the  scrutiny  of  oxix^rt 
jujierintendence.  Equal  reason  exists  for,  and  conunensurate  ad- 
vantages will  follow,  a  thoroughly  discriminating  control  of  both  the 
initial  fabrication  of  concrete,  and  the  details  of  treatment  during  its 
hardening,  in  order  to  realize  the  great  possibilities  inherent  in  this 
newer  material. 
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The  treatment  of  steel  is  not  always  complete  as  it  comes  from  the 
rolls,  as  is  shown  by  such  effects  as  the  changes  in  strength  produced 
by  the  cold-twisting  of  steel  rods;  much  more  important  in  relation 
to  the  resulting  quality  of  concrete  is  the  nature  of  its  treatment  after 
fabrication,  both  because  its  attainment  of  strength  is  a  relatively  slow 
process  and  for  the  reason  that  the  nature  of  the  prevailing  conditions 
provided  during  this  period  affects  so  greatly  the  development  of  its 
essential  properties. 

The  notable  responsiveness  of  concrete  to  the  character  of  its  treat- 
ment is  a  direct  appeal  for  thoroughly  trustworthy  and  expert  control. 
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In  asking  your  attention  this  morning  to  the  remarks  which  I  shall 
offer  for  j-our  consideration,  I  cannot  forbear  expressing  to  you,  once 
again,  my  appreciation  of  the  honor  which  you  have  done  me  in  elect- 
ing me  to  the  position  in  which  I  find  myself.  It  is  a  distinction  which 
I  shall  always  value  above  any  other,  and  it  involves  a  responsibility 
to  the  profession  of  which  I  am  deeply  sensible.  This  feeling,  together 
with  my  conviction  of  the  imiwrtance  of  our  profession  as  a  part  of 
the  social  organism,  has  guided  my  choice  of  a  subject  for  this  address. 

As  we  gather  here,  interested  in  widely  divergent  branches  of  engi- 
neering science,  it  has  seemed  to  me  that  I  could  most  profitably  occupy 
the  time  by  asking  your  attention  to  some  matters  in  which  we  all 
should  be  equally  interested.  I  have,  therefore,  chosen  for  my  subject 
a  consideration  of  "Some  Tendencies  and  Problems  of  the  Present  Day," 
and  the  part  which  the  engineer  should  play  in  their  solution. 

We  are  living  in  a  most  remarkable  age,  an  age  different  from  any 
that  has  preceded  it  in  the  historj'  of  the  world,  and  one  in  which 
changes  axe  taking  place  with  marvelous  rapidity.  As  a  profession,  we 
are  largely  responsible  for  the  present  conditions,  and  therefore  we  should 
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do  our  part  in  solving  such  problems  as  exist,  and  in  helping  to  direct 
aright  the  tendencies  of  the  day.  We  have  a  duty  to  ourselves,  to  our 
profession,  to  society,  and  to  our  successors,  and  we  must  perform  it. 

We  have  been  often  reminded  of  the  fact  that  in  one  sense  engineer- 
ing is  the  oldest  of  the  professions,  since  engineering  constructions  of 
some  form  are  necessary  even  in  the  rudest  communities;  but  in  an- 
other, and  perhaps  a  truer  sense,  it  is  the  youngest  of  the  professions. 
The  priesthood  is  doubtless  the  oldest  distinct  profession  recognized 
as  such,  for  the  most  uncivilized  tribes  had  priests  to  mediate  between 
themselves  and  their  crude  deities.  The  priests  were  also  lawgivers, 
practiced  the  healing  art  (such  as  it  was),  and,  as  civilization  pro- 
gressed, were  also  the  builders.  Bridges  and  temples  were  built  by 
them,  and  the  most  stately  buildings  were  those  devoted  to  ecclesiastical 
uses.  In  course  of  time,  the  lawgiver,  the  physician,  the  architect,  be- 
came distinct,  and  then  for  a  time  the  engineer  was  either  an  architect 
or  a  priest.  It  is  fair  to  say  that  engineering  is  the  last  profession  to 
be  differentiated  into  a  class  by  itself,  and  that  its  beginning  dates 
from  about  the  Seventeenth  Century,  later  receiving  its  great 
impetus  from  the  series  of  inventions  which  were  made  toward  the  end 
of  the  Eighteenth  Century — the  spinning  jenny,  the  loom,  the  puddling 
process,  the  steam  engine,  and  the  steam  locomotive.  Since  that  time, 
the  profession  has  grown  by  leaps  and  bounds,  has  become  separated 
into  a  dozen  branches,  and  has  probably  become,  directly  or  indirectly, 
the  chief  occupation  of  mankind.  If  this  age  may  be  designated  as 
predominantly  that  of  any  profession,  it  is  certainly  the  age  of  the 
engineer  or  applied  scientist.  He  furnishes  us  with  thousands  of  com- 
forts, necessities,  and  luxuries,  of  which  previous  generations  never 
dreamed,  and  which  they  would  have  laughed  at  as  impossible.  By 
supplying  the  fundamental  material  elements  of  modern  civilization — 
transportation,  the  transmission  and  dissemination  of  intelligence  (by 
telegraph,  telephone,  and  printing  press),  machinery,  prime  movers, 
and  the  working  of  metals — ^the  applied  scientist  becomes  the  minister 
to  the  other  and  older  professions,  furnishing  tools  for  the  surgeon 
and  dentist,  and  chemical  products  for  the  physician;  while  engineering 
projects  and  problems  probably  supply  as  large  a  field  as  any  for  the 
employment  of  lawyers.  The  priest — originally  lawgiver,  physician, 
and  builder — now  stands  alone,  concerned  only  with  the  moral  law  and 
its  ap])lication,  and  with  our  relation  to  the  Infinite. 
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Civilization,  as  we  know  it  to-day,  then,  seems  to  me  to  be  due 
mainly  to  the  engineer,  or  applied  scientist,  using  the  term  in  its 
widest  sense.  Of  course,  a  great  ethical  advance  has  also  been  made, 
of  which  any  student  of  history'  must  be  fully  conscious;  but,  when 
we  consider  that  moral  principles  were  known  and  recognized  by  the 
ajicients,  in  as  perfect  a  form  as  that  in  which  they  can  be  stated  to-day, 
without  producing  much,  if  any,  wide-spread  ethical  progress,  or  any 
advance  in  civilization,  for  many  centuries,  we  must,  I  think,  con- 
clude that  it  is  the  dissemination  of  intelligence,  the  facilities  for 
transportation,  the  development  of  machinery,  which  have  made,  the 
whole  world  kin,  and  thus  have  been  the  chief  elements  in  promoting 
the  universal  brotherhood  of  man  and  the  practical  recognition  of 
human  rights,  and  so  have  been  the  main  agents  in  the  progress  of 
civilization.  This,  somewhat  differently  expressed,  is,  as  I  understand 
it,  the  position  taken  by  Buckle,  often  misunderstood  by  those  who 
assume  him  to  assert  that  no  ethical  progress  has  been  made.  However 
this  may  be.  few  will  deny  that  the  work  of  the  engineer,  if  not  the 
cause,  lias  been  a  necessary  condition,  of  progress. 

This  progress,  both  material  and  ethical,  has  been  wide-spread,  and 
astonishing  in  degree.  In  material  things,  not  only  necessities,  but 
comforts  and  luxuries  of  which  our  forefathers  would  never  have 
dreamed,  are  now  within  the  reach  of  every  man  who  is  sober  and 
industrious.  Wages  have  risen,  not  only  in  absolute  amount,  but  in 
purchasing  power.  The  poor  can  now  receive  medical  advice,  medi- 
cines, and  many  other  things  free,  where  our  predecessors  could  not 
have  obtained  the  same  things  at  all.  Simple  foods  in  great  variety, 
and  clntliing  of  good  (luality,  can  l)c  obtained  at  reasonable  prices;  and 
in  every  respect  the  poor  man  to-day  is  better  i)rovided  for  than  his 
predecessors  were.  Ethically,  too,  he  is  far  better  off.  The  best  books 
are  available,  if  he  wants  them,  at  ridiculously  low  prices,  free  public 
schools  are  provided  for  his  children,  and  all  sorts  of  free  industrial 
and  vocational  instruction  is  available  for  him  in  his  leisure  hours  if 
he  desires  to  use  them.  His  hours  of  labor  have  been  shortened,  his 
civil  riglits  have  been  generally  recognized,  he  is  treated  as  the  equal 
of  any  man  before  the  law,  and  his  right  to  a  fair  chance  in  life — to 
oi)i)ortunities  commensurate  with  his  ability  to  make  use  of  them — 
is  generally  admitted  in  theory,  if  not  yet  entirely  in  fact.  With  free 
public  and  trade  schools,  with  conditions  wliirh  allow  a  common  laborer 
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in  a  steel  mill  at  15  to  become  the  head  of  the  greatest  industrial  organi- 
zation in  the  world  at  50,  certainly  it  cannot  be  said  that  men  do  not 
have  opportunity  in  the  United  States. 

Continued  progress,  however,  and  the  interest  of  the  social  organ- 
ism as  a  whole,  require  that  individual  initiative  and  ability  shall  be 
encouraged  to  the  utmost  and  allowed  to  enjoy  the  reasonable  fruits 
of  its  exercise;  that  property  shall  be  protected;  that  taxation  shall 
be  equitable  and  uniform;  that  leaders  shall  be  chosen  from  those  most 
enlightened,  capable,  honest,  and  judicious;  that  those  who  are  only 
fitted  for  manual  labor  shall  not  acquire  a  distaste  for  it  or  look  down 
upon  it  as  inferior  in  dignity  to  other  occupations*;  and  that  waste 
and  extravagance  shall  be  reduced  to  a  minimum.  There  should  be 
a  recognition  of  the  facts  that  wealth  must  be  unequally  divided,  since 
men  are  unequal  in  ability  and  in  character;  that  the  prosperity  of 
one  depends  on  the  prosperity  of  all;t  that  each  man  must  feel  secure 
in  the  enjoyment  of  all  that  he  can  legitimately  win;  that  wealth,  posi- 
tion, and  luxury,  do  not  in  themselves  bring  happiness;  and  that  the 
selfish  desires  of  the  individual  must  be  subordinated  to  the  interests 
of  society  as  a  whole  if  progress  and  not  retrogression  is  to  ensue. 
A  state  of  equality  of  condition,  as  has  been  well  remarked,  would 
mean  equality,  not  of  wealth,  but  of  wretchedness. 

The  political  and  social  evolution  in  the  past,  up  to  a  comparatively 
recent  period,  has  not  involved  any  diminution  of  the  incentive  to  indi- 
vidual effort,  nor  to  any  grea,t  extent  the  attempt  to  deprive  the  indi- 
vidual of  the  fruits  of  his  industry  and  ability.  Of  late  years,  how- 
ever, with  growing  political  power  in  the  hands  of  the  less  intelligent 
classes,  symptoms  of  a  change  have  shown  themselves.  The  spectacle 
of  isolated  instances  of  great  wealth  acquired  unfairly  or  too  rapidly, 
and  of  rewards  out  of  proportion  to  service,  instead  of  being  looked 
upon  as  necessary  phenomena,  seeing  that  men  are  human,  and  that 
no  human  affairs  can  ever  be  perfect,  has  led  to  a  wide-spread  spirit  of 
envy  and  discontent,  and  sometimes  to  a  desire  to  deprive  men  of  the 
results  of  their  honest  toil. 

*"But  we  exhort  you  brethren  *  *  *  that  ye  study  to  be  quiet,  and 
to  do  your  own  business,   and  to  work  with   your   hands,"   wrote  the   Apostle   Paul. 

t"This,  then,  above  all,  ought  to  be  regarded  by  every  one  as  an  established 
principle,  that  the  interest  of  each  individual  and  that  of  the  entire  body  of  citizens 
are  identical,  which  interest,  if  any  one  appropriate  to  himself  alone,  he  does 
it  to  the  sundering  of  all  human  intercourse."     Cicero,  "De  Offlciis." 
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It  is  to  some  unfavorable  phenomena  incident  to  this  movement 
that  I  wish  to  call  your  attention  to-day,  believing  that,  if  they  con- 
tinue, disaster  may  result,  in  which  case,  as  always,  the  suffering  will 
mainly  come  upon  those  least  able  to  bear  it. 

1. — In  the  first  place,  let  me  refer  to  the  tendency  to  consider  men 
equal,  or  to  what  I  may  term  a  false  democratic  ideal. 

What  I  conceive  to  be  the  true  democratic  ideal  is  this :  that  all  men 
are  equal  before  the  law — so  that  neither  differences  in  wealth,  race, 
social  position,  nor  talent,  shall  confer  any  advantage  or  impose  any 
disadvantage  in  the  impartial  administration  of  justice;  that  while 
ability  should  be  admired,  every  man  who  is  honest,  industrious,  sober, 
and  faithful,  and  who  does  his  work  in  the  world  as  well  as  he  can  and 
with  due  regard  to  the  rights  of  others,  is  deserving  of  equal  respect 
and  regard,  whether  he  occupy  the  humblest  or  the  most  exalted  posi- 
tion ;  that  success  depends  on  the  spirit  with  which  one's  natural  en- 
dowments are  utilized  and  the  degree  to  which  they  are  developed,  and 
not  on  those  endowments  themselves,  so  that  the  humblest  laborer  on 
the  street  may  be  making  as  great  a  success  of  his  life  as  the  most 
gifted;  that  there  should  be  kindliness  and  a  spirit  of  brotherhood  be- 
tween all  men,  and  neither  envy  of  those  more  capable,  who  receive 
greater  rewards,  nor  contempt  of  those  less  gifted,  who  do  the  menial 
work  of  the  world;  and  that  neither  race,  poverty,  nor  inferior  social 
position,  should  prevent  the  possibility  that  a  man,  by  hard  work,  in- 
tegrity, and  conscientiousness,  should  be  able  to  reach,  by  some  avail- 
able ladder,  a  position  commensurate  with  liis  abilities.  A  man  should 
be  judged  by  what  he  is,  not  by  what  he  has,  whether  he  is  black  or 
white,  or  who  his  grandmother  was.  He  should  have  the  opportunity 
to  get  such  education  as  best  fits  his  natural  qualifications.  Eich  and 
poor  should  be  judged  by  the  same  standard — inherent  worth.  But, 
though  respect  should  be  equal,  rewards  should  not  be.  They  should 
be  in  proportion  to  the  value  of  the  service,  and  governed  by  the  law 
of  supply  and  demand;  nor  are  great  rewards  necessary  for  happiness. 

Unfortunately,  a  democratic  government,  especially  with  universal 
suffrage,  instead  of  tending  to  the  realization  of  this  ideal,  tends  in 
some  respects  directly  away  from  it,  and  leads  not  seldom  to  the  gross- 
est perversions  of  it.  The  equality  of  man,  which  the  framers  of  the 
Declaration  of  Independence  held  to  be  self-evident,  instead  of  being 
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interpreted  as  above,  is  held  to  mean  that  men  are  inherently  eciual 
in  all  respects. 

It  is  self-evident  that,  instead  of  being  equal,  men  are  very  unequal. 
There  is  perhaps  more  difference  betvpeen  the  most  intelligent  and  the 
least  intelligent  voter  than  there  is  between  the  latter  and  an  intelligent 
animal.  It  is  held  that  all,  being  equal,  should  have  equal  opportunity; 
but  why  should  there  be  equality  of  opportunity  for  unequal  individ- 
uals <  As  Harris  remarks,  "Inequality  of  opportunity  for  unequal 
men  is  a  nearer  approach  to  true  equality  than  equal  opportunity  for 
unequal  men."  Why,  for  instance,  should  all  men  have  opportunity 
for  a  college  education,  when  only  a  few  can  profit  by  it,  and  the  great 
majority  should  work  with  their  hands,  not  with  their  heads?  Not 
every  man  who  is  able  to  pass  successfully  through  a  college  course  is 
able  to  use  it  when  he  has  finished,  and  by  its  means  many  a  good 
mechanic  has  been  spoiled  to  make  a  poor  and  discontented  clerk  or 
lawyer. 

One  of  the  conditions  of  individual  progress  is  the  willingness  to 
recognize  and  admire  superiority,  and  without  envy  to  rejoice  in  its 
success.  The  idea  of  the  equality  of  man  limits  this  recognition,  and 
thus  hampers  individ\ial  progress,  and  therefore  collective  progress.  In 
college,  there  is  little  in  class  associations  to  stimulate  a  man  to  excel. 
If  he  does,  he  is  tenued  a  "grind"  and  is  looked  down  upon.  If  all 
men  are  equal,  he  has  no  right  to  exhibit  any  superiority  to  his  fellows. 
The  same  is  true  among  the  so-called  laboring  classes.  No  man  must 
do  any  more  work,  or  do  it  any  better,  than  another.  Individual  ex- 
cellence and  initiative  are  discouraged.  Indeed,  individual  freedom 
is  not  seldom  infringed  upon,  and  a  man  is  not  allowed,  at  times,  to 
work  at  wages  satisfactory  to  himself,  when  he  desires  to  do  so — a 
strange  result  of  freedom,  and  in  reality  as  great  an  outrage  as  any 
that  can  be  quoted  from  the  mediaeval  annals  of  desx>otism.  With  grow- 
ing discontent,  many  minds  turn  to  socialism,  that  impracticable 
Utopia  which,  as  President  Butler  has  well  said,  "would  wreck 
the  world's  efficiency  for  the  purpose  of  redistributing  the  world's 
discontent." 

The  idea  of  the  equality  of  num.  instead  of  allowing  tlie  best  men 
to  govern  and  fitting  the  nuui  to  the  proper  vocation,  leads  to  the 
placing  of  unfit  men  in  jxiwer.  the  control  of  large  masses  of  men  by 
demagogues,   the  judging  of   men   by   the   nmnber   of   votes   they   can 
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cvmtrol;  iuid  thus  it  leads  to  the  withdrawal  of  iiiaiiy  of  the  best  men 
from  active  participation  in  public  affairs,  because  they  see  how  little 
iutlut'ucc  they  can  exert  witliout  the  use  of  money  or  the  arts  of 
the  dcnuip)fiuc,  and  thiit  the  oidy  reward  of  one  wlio  unselfishly  serves 
the  i)ul)Iic  is  lil<ely  to  be  criticism  and  contuniciy.  It  also  discourages 
loyal  and  faithful  service,  and  makes  difficult  the  maintenance  of 
jiroper  relations  between  employer  and  employee.  Where  every  one 
is  his  own  master,  it  follows  that  every  one  is  his  own  servant. 

What  the  ultimate  result  will  be,  cannot  be  foretold.  The  political 
doctrine  of  the  equality  of  man  is  still  on  trial.  Yet,  as  regards  the 
United  States,  where  that  doctrine  has  its  fullest  expression,  Lincoln 
long  ago  observed  that  if  it  fails,  it  will  not  be  on  account  of  inter- 
ference  from  without,  but  it  will  be  by  suicide.  It  behooves  us,  there- 
fore, if  we  can,  to  see  to  it  that  our  institutions  shall  not  fail  by  suicide. 

Xevertheless,  it  is  a  somewhat  striking  fact  that  several  of  the  most 
philosophical  and  learned  historians  have  distrusted  the  ultimate  suc- 
cess of  our  institutions.  Fronde,  Maeaulay,  and  ]^cky,  all  express  the 
gravest  doubt  of  the  permanence  of  our  form  of  government.* 


•Froude,  for  example,  writes,  "I  am  no  believer  in  democracy  as  a  form  of 
government  which  can  be  of  long  continuance.  It  proceeds  on  the  hypothesis  that 
every  citizen  is  entitled  to  an  equal  voice  in  the  management  of  his  country,  and 
individuals  being  infinitely  unequal — bad  and  good,  wise  and  unwise — and  having 
rights  dependent  upon  fitness  to  make  use  of  them,  the  assumption  is  untrue,  and  no 
institution   can   endure  which   rests  upon   illusions." 

Maeaulay,  too,  had  great  doubt  of  the  permanence  of  our  form  of  government. 
One  of  his  letters  to  a  friend  in  America  has  been  often  quoted,  but,  for  convenience 
in   this  connection,    it    may   be   well   to    reproduce   it   here. 

"Holly  Lodge, 

Kensington, 
London,  May  23,  1857. 
"Dear   Sir. : 

"You  are  surprised  to  learn  that  I  have  not  a  high  opinion  of  Mr.  Jefferson,  and 
I  am  surprised  at  your  surprise.  I  am  c^ertain  that  I  never  wrote  a  line,  and  that 
I  never  in  Parliament,  in  conversation,  or  even  in  the  hustings — a  place  where  it 
is  the  fashion  to  court  the  populace — uttered  a  word,  indicating  an  opinion  that  the 
supreme  authority  in  a  State  ought  to  be  intrusted  to  the  majority  of  citizens  told 
by  the  head :  in  other  words,  to  the  poorest  and  most  ignorant  part  of  society.  I 
have  long  been  convinced  that  institutions  purely  democratic  must,  sooner  or  later, 
destroy  liberty  or  civilization,  or  both.  In  Europe,  where  the  population  is  dense, 
the  effect  of  such  institutions  would  be  almost  instantaneous.  What  happened 
lately  in  France  is  an  example.  In  1848  a  pure  democracy  was  establishwl  there. 
During  a  short  time  there  was  reason  to  expett  a  general  spoliation,  a  national 
bankruptcy,  a  new  partition  of  the  soil,  a  maximum  of  prices,  a  ruinous  load  of 
taxation  laid  on  the  rich  for  the  purpose  of  supporting  the  poor  In  idleness.  Such 
a  system  would,  in  twenty  years,  have  made  France  as  poor  and  barbarous  as  the 
France  of  the  Carlovingians.  Happily,  the  danger  was  averted  :  and  now  there  is 
a  despotism,  a  silent  tribune,  an  enslaved  press.  Liberty  is  gone,  but  civilization  has 
been  saved.  I  have  not  the  smallest  doubt  that,  if  we  had  a  purely  democratic 
government  here,  the  effect  would  be  the  same.  Either  the  poor  would  plunder  the 
rich,  and  civilization  would  perish,  or  order  and  prosperity  would  be  saved  by  a 
strong   military   government,   and    liberty    would    perish. 

"You  may  think  that  your  country  enjoys  an  exemption  from  these  evils  :  I  will 
frankly  own"  to  you  that  I  am  of  a  very  dilTerent  opinion.  Your  fate  I  believe  to 
be  certain,  though  it  is  deferred  by  a  physical  cause.  As  long  as  you  have  a 
boundless  extent  of  fertile  and  unoccupied  land,  your  laboring  population  will  be 
far  more  at  ease  than  the  laboring  population  of  the  old  world  ;  and  while  that  Is 
the   case   the   Jeffersonian    polity    may    continue    to   exist    witliout    causing   any    fatal 
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Their  predictions,  we  hope,  will  prove  erroneous;  we  must  make 
them  so,  if  we  can.  Nevertheless,  the  more  we  reflect,  the  more  I  think 
we  shall  realize  that  out  of  the  false  theory  of  the  equality  of  man 
have  sprung  many  real  dangers.  A  spirit  of  unhealthy  discontent  has 
been  aroused,  and  the  people,  who  are  sovereign,  endeavor,  by  various 
kinds  of  legislation,  to  realize  in  fact  the  untruth  of  equality.  They 
make  the  common  mistake  of  assuming  that  legislation  is  a  sovereign 
remedy  for  all  ills.  Not  knowing  how  to  proceed,  they  become  the 
prey  of  every  selfish  demagogue  who,  while  stirring  them  up  to  exag- 
gerate their  troubles,  and  professing  his  ability  to  remedy  them,  is 
simply  seeking  his  own  ends.  These  men  know  that  a  large  part  of 
the  voters  to  whom  they  must  appeal  are  ignorant,  easily  swayed  by 
claptrap,  and  deceived  by  hypocrisy,  "incapable  of  disentangling  a 
difficult  question,  judging  distant  and  obscure  consequences,  realizing 
conditions  of  thought  and  life  widely  different  from  their  own,  esti- 
mating political  measures  accox'ding  to  their  true  proportionate  value, 
and  weighing  nicely  balanced  arguments  in   a  judicial  spirit."     The 

calamity.  But  the  time  will  come  when  New  England  will  be  as  thickly  settled  as 
Old  England.  Wages  will  be  as  low,  and  will  fluctuate  as  much  with  you  as  with 
us.  You  will  have  your  Manchesters  and  Birminghams  ;  and  in  those  Manchesters 
and  Birminghams  hundreds  of  thousands  of  artisans  will  assuredly  sometimes  be 
out  of  work.  Then  your  institutions  will  be  fairly  brought  to  the  test.  Distress 
everywhere  makes  the  laborer  mutinous  and  discontented,  and  inclines  him  to  listen 
with  eagerness  to  agitators  who  tell  him  that  it  is  a  monstrous  iniquity  that  one 
man  should  have  a  million  while   another  cannot   get  a   full  meal. 

"In  bad  years  there  is  plenty  of  grumbling  here,  and  sometimes  a  little  riot- 
ing ;  but  it  matters  little,  for  here  the  sufferers  are  not  the  rulers.  The  supreme 
power  is  in  the  hands  of  a  class,  numerous  indeed,  but  select — of  an  educated 
class — of  a  class  which  is,  and  knows  Itself  to  be,  deeply  interested  in  the  security 
of  property  and  the  maintenance  of  order.  Accordingly  the  malcontents  are  gently 
but  firmly  restrained.  The  bad  time  is  got  over  without  robbing  the  wealthy  to 
relieve  the  indigent.  The  springs  of  national  prosperity  soon  begin  to  flow  again  ; 
work  is  plentiful,  wages  rise,  and  all  is  tranquility  and  cheerfulness.  I  have  seen 
England  pass,  three  or  four  times,  through  such  critical  seasons  as  I  have  described. 
Through  such  seasons  the  United  States  will  have  to  pass  in  the  course  of  the  next 
century,  if  not  of  this.  How  will  you  pass  through  them?  I  heartily  wish  you 
good  deliverance.  But  my  reason  and  my  wishes  are  at  war,  and  I  cannot  help  fore- 
boding the  worst.  It  is  quite  plain  that  your  Government  will  never  be  able  to 
restrain  a  distressed  and  discontented  majority.  For,  with  you,  the  majority  is  the 
government,  and  has  the  rich,  who  are  always  the  minority,  absolutely  at  its  mercy. 
The  day  will  come  when,  in  the  State  of  New  York,  a  multitude  of  people,  none  of 
whom  has  had  more  than  half  a  breakfast,  or  expects  to  have  more  than  half  a 
dinner,  will  choose  a  Legislature.  Is  it  possible  to  doubt  what  sort  of  a  Legislature 
will  be  chosen?  On  one  side  is  a  statesman  preaching  patience,  respect  for  vested 
rights,  strict  observance  of  public  faith  ;  on  the  other  is  a  demagogue,  ranting  about 
the  tyranny  of  the  capitalists  and  usurers,  and  asking  why  anybody  should  be  per- 
mitted to  drink  champagne  and  to  ride  in  a  carriage  while  thousands  of  honest  folk 
are  in  want  of  necessaries.  Which  of  the  two  candidates  is  likely  to  be  preferred 
by  a  workman  who  hears  his  children  cry  for  bread? 

"I  seriously  apprehend  that  you  will,  in  some  such  season  of  adversity  as  I 
have  described,  do  things  that  will  prevent  prosperity  from  returning ;  that  you 
will  act  like  people  who  should,  in  a  season  of  scarcity,  devour  all  the  seed  corn, 
and  thus  make  the  next  year  not  one  of  scarcity,  but  of  absolute  famine.  There 
will  be,  I  fear,  spoliation.  The  spoliation  will  increase  the  distress.  The  distress 
will  produce  fresh  spoliation.  There  is  nothing  to  stop  you.  Your  Constitution  is 
all  sail  and  no  anchor.  As  I  said  before,  when  a  society  has  entered  on  its  down- 
ward progress,  either  civilization  or  liberty  must  perish.  Either  some  Caesar  or 
Napoleon   will   seize  the  reins  of  government  with   a   strong  hand  ;   or  your   republic 
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demagogiu'.  therefore,  appeals  to  class  interests  and  class  animosities, 
and  does  his  utmost  to  foment  a  spirit  of  discontent,  even  though  every 
condition  justifies  the  opposite,  gaining  his  reward  by  newspaper  head- 
lines, notoriety,  public  oflSce,  or  not  seldom,  wealth  secured  at  the 
expense  of  the  public  that  he  deceives.  The  spirit  of  servility  and 
sycophancy  which  in  former  times  led  men  to  grovel  in  the  dust  at 
the  feet  of  kings  and  princes,  is  still  with  us,  unchanged  in  form,  only 
its  object  is  different,  and  its  adulation  is  now  directed  to  the  sovereign 
voter — the  more  ignorant,  the  more  easy  to  flatter  and  deceive.  Know- 
ing human  nature,  may  we  not  doubt  the  man  who  claims  to  act  for 
the  good  of  the  people;  and  trust  him  rather  who  frankly  admits  that 
his  actions  are  governed  by  his  selfish  interests,  but  who  has  learned 
that  these  can  only  be  served  by  promoting  the  best  interests  of  all.* 

will  be  as  fearfully  plundered  and  laid  waste  by  barbarians  in  the  twentieth  century 
as  the  Roman  Empire  was  in  the  fifth — with  this  difference,  that  the  Huns  and 
Vandals  who  ravaged  the  Roman  Empire  oame  from  without,  while  your  Huns  and 
Vandals  will  have  been  engendered  within  your  own  country  by  your  own  insti- 
tutions. 

"Thinking  thus,  of  course  I  cannot  reckon  Jefferson  among  the  benefactors  of 
mankind. 

"Yours  respectfully. 

"Thomas  Babington  Macaulay." 

Lecky.  one  of  the  most  thoughtful  of  English  historians,  expresses  In  a  number 
of   places   his   doubts    regarding    the   success   of   democracy.      For    instance,    he    say? : 

"Strong  arguments  may  be  adduced  both  from  history  and  from  the  nature  of 
things  to  show  that  democracy  may  often  prove  the  direct  opposite  of  liberty.  •  •  * 
Democracy  destroys  the  balance  of  opinions,  interests,  and  classes,  on  which  con- 
stitutional liberty  mainly  depends,  and  its  constant  tendency  is  to  impair  the 
efficiency  and  authority  of  parliaments,  which  have  hitherto  proved  the  chief  organs 
of  political   liberty.      •      •      • 

"A  despotism  which  secures  order,  property  and  industry,  which  leaves  the 
liberty  of  religion  and  of  private  life  unimpaired,  and  which  enables  quiet  and 
industrious  men  to  pass  through  life  untroubled  and  unmolested,  will  always  appear 
to  many  very  preferable  to  a  democratic  republic  which  is  constantly  menacing,  dis- 
turbing or   plundering  them."      (Lecky,   "Democracy   and  Liberty,"   pp.   256-260.) 

Again,  he  says,  in  another  place: 

"In  every  field  of  human  enterprise,  in  all  the  competitions  of  life,  by  the 
inexorable  law  of  Nature,  superiority  lies  with  the  few  and  not  with  the  many,  and 
success  can  only  be  attained  by  placing  the  guiding  and  controlling  power  mainly 
in  their  hands.  •  »  *  Yet,  surely,  nothing  in  ancient  alchemy  was  more 
irrational  than  the  notion  that  increased  isnorance  in  the  elective  body  will  be  con- 
verted into  increased  capacity  for  good  government  in  the  representative  body  ;  that 
the  best  way  to  improve  the  world  and  secure  rational  progress  is  to  place  govern- 
ment more  and  more  under  the  control  of  the  least  enlightened  classes.  The  day 
will  come  when  it  will  appear  one  of  the  strangest  facts  in  the  history  of  human 
folly  that  such  a  theory  was  regarded  as  liberal  and  progressive."  (Ibid,  p.  26. 
Speaking  about  parliamentary  government,  he  says:  "In  all  the  instances  in 
which  this  form  of  government  has  been  conspicuously  successful,  the  representative 
body  was  returned  on  a  restricted  suffrage."  The  great  German  historian.  Sybel. 
said  :  "The  realization  of  universal  suffrage  and  its  consequences  has  always  been 
the  beginning  of  the  end  of  all  parliamentarism."  Professor  Freeman  said  ;  "The 
real  special  weakness  of  pure  democracy  is  that  it  almost  seems  to  require  slavery 
as  a  necessary  condition  of  its  existence."  Aristotle,  Goethe,  and  Voltaire,  all 
disbelieved  in  a  purely  democratic  form  of  government.) 

*"The  men  who  in  former  ages,  would  have  sought  by  Byzantine  flattery  to 
win  power  through  the  favor  of  an  emperor  or  a  prince,  will  now  be  found  de- 
claiming on  platforms  about  the  iniquity  of  privilege,  extolling  the  matchless  wisdom 
and  nobility  of  the  masses,  systematically  trying  to  excite  their  passions  or  their 
jealousies,  and  to  win  them  by  bribes  and  flatteries  to  their  side."  Lecky, 
"Democracy  and  Liberty,"  p.  30. 
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Some  of  the  remedies  for  these  dangers,  it  seems  to  me,  are  obvi- 
ous. In  the  first  place,  we  shovild  realize  that  the  statement  that  all 
men  are  created  equal,  properly  interpreted,  simply  means  that  they 
are  equal  before  the  law,  that  all  men  should  be  treated  with  justice, 
should  have  fair  opportunities,  and  that  each  should  be  secured  in  his 
right  to  the  products  of  his  own  labor,  and  to  his  own  liberty,  so  far 
as  his  acts  do  not  injure  others.  Aside  from  this,  instead  of  consider- 
ing men  equal,  we  should  recognize  and  encourage  inequality,  for  it 
is  easily  to  be  seen  that  the  progress  of  society  depends  on  it.  Equality 
of  condition  means  pauperism  or  savagery;  the  inequality  of  man 
means  the  division  of  labor,  progress,  civilization. 

In  the  second  place,  we  should  encourage  the  recognition  and  ad- 
miration of  superiority. 

In  the  third  place,  we  should  pi*each  the  gospel  of  content,  instead 
of  discontent.  ''Do  violence  to  no  man,  neither  exact  anything 
wrongfully;  and  be  content  with  your  wages"  said  Jolin  the 
Baptist.  There  are  two  kinds  of  discontent :  one  praiseworthy ; 
one  ignoble.  The  former  springs  from  a,  laudable  ambition  and  a 
desire  to  perfect  oneself,  so  far  as  natural  endowment  will  permit. 
The  other  springs  from  envy  and  the  desire  to  reap  the  rewards  of  the 
industry  of  others.  The  former  kind  of  discontent  is  to  be  encour- 
aged; every  man  should  be  given  an  opportunity  to  develop  himself 
and  to  be  confirmed  in  the  possession  of  the  prizes  which  he  may 
gain;  but  the  discontent  which  springs  from  envy,  which  leads  men 
to  depend  on  government  help,  instead  of  self-help,  which  sanctions 
forms  of  unjust  taxation  which  may  be  nothing  lass  than  legalized 
robbers',  should  in  every  possible  way  be  repressed.  The  attention  of 
men,  instead  of  being  concentrated  on  what  they  want,  should  be 
directed  to  a  realization  of  what  they  have.  In  contrast  with  the  con- 
ditions which  existed  one  or  two  centuries  ago,  even  the  conditions  of 
the  poorest  classes  at  the  present  time  are  immensely  improved.  Yet 
with  all  the  reduction  of  working  hours  that  has  tal^en  place  in  the  last 
50  years,  and  the  other  improvements  in  condition,  I  doubt  if  there 
is  any  more  real  happiness  and  content  among  the  poorer  classes.  Xor 
have  I  any  doubt  that  the  excessive  talk  about  bettering  the  condition 
of  the  working  classes  blinds  them  to  the  opportunities  for  their  own 
thrift  and  industry. 

Unfortunately,  it  is  a  vain  hope  that  there  will  ever  be  an  absence. 
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or  even  :i  doartli,  of  demagogues  to  stir  up  tliis  spirit  of  unworthy 
discontent,  but  wo  should  do  all  in  our  power  to  counteract  it.  Much 
of  it  is  due  to  the  unwise  use  of  wealth  by  those  who  possess  it,  who 
think  that  money  can  buy  everything,  and  is  the  end  and  aim  of  exist- 
t'licc.  and  who.  instead  of  being  governed  by  a  feeling  of  the  brother- 
hood of  man.  and  the  spirit  of  respect  for  true  worth,  even  in  the 
luimblcst  occupations,  assume  an  attitude  of  superiority,  or  even  of 
insolence,  toward  those  less  fortunate^  than  themselves. 

Tt  is  also  vain  to  hope  that  we  can  ever  reach  a  point  where  there 
will  be  no  jioverty.*  This  would  realize  wliat  Dr.  Johnson  termed  the 
trimnph  of  hope  over  experience.  It  would  n7ean  a  radical  change 
in  human  nature.  As  long  as  there  are  masses  of  men  who  are  shift- 
less, lazy,  incompetent,  and  vicious,  whom  nobody  would  willingly 
employ,  poverty  will  exist.  Still,  every  effort  should  be  made  to  re- 
lieve it  where  it  is  undeserved.  It  will  be  well,  however,  to  bear  in 
mind  that  suffering  is  a  remedy,  and  that  unwise  philanthropy  may 
do  harm  instead  of  good.  If  men  will  learn  in  no  other  way  the 
lessons  of  life,  they  must  learn  them  b.v  suffering,  which  is  Nature's 
cure.  Of  course,  it  is  often  hard  to  distinguish  deserved  from  unde- 
served suffering.  The  latter  may  be  wisely  relieved;  the  former  gener- 
ally not.  Surely  an  all-wise  Creator  would  not  have  filled  the  world 
so  full  of  it  except  for  some  good  purpose,  and  that  purpose  cannot  be 
to  afford  to  others  the  opportunity  for  relieving  it,  for  much  of  it 
cannot  be  relieved. 

2. — The  Tendencij  (o  Disregard  Anthoritii. — Out  of  the  tendency 
to  look  upon  all  men  as  equal,  spring  some  other  tendencies  to  which 
I  will  refer.  One  of  them  is  to  disregard  authority,  and  to  consider 
that  one  man's  opinion  is  as  good  as  that  of  any  other.  We  see  this 
tendency  about  us  every  day;  it  leads  to  intellectual  arrogance,  dog- 
matism, and  lawlessness. 

Every  man  has  presented  to  him,  almost  daily,  questions  which 
he  is  not  competent  to  decide  for  himself,  either  because  he  has  not 
had  tlie  necessary  time,  training,  or  experience,  or  because  he  is  in- 
capable of  judging. 

•"Its  causes  lie  chiefly  in  incompetence,  lack  of  energy,  bad  heredity,  and  un- 
healthy surroundings,  rather  than  in  a  vicious  economic  system,  or  in  lack  of  oppor- 
tunity. The  relief  of  poverty  has  become  so  judicious  that  few  poor  persons  are 
left  to  suffer  from  want.  The  prevention  of  poverty  is  to  be  found  in  good  sanitation 
enforced  by  the  municipality,  in  suitable  education  of  individuals  according  to 
capacity,  and  in  self-help,  rather  than  in  economic  revolution  or  in  indiscriminate 
equality  of  opportunity."      Harris,    "Inequality   and    Progress." 
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In  these  days,  when  literature  is  so  superabundant,  it  is  most  im- 
portant to  choose  our  advisers  wisely,  to  know  whom  to  trust,  to  dis- 
cern wisdom,  to  select  the  proper  books  to  read,  to  choose  the  best 
authorities  to  whom  we  shall  listen,  and,  when  we  have  so  chosen,  to 
consider  attentiv,ely  the  message  they  bring,  and  to  distinguish  advice 
that  springs  from  self-interest  from  that  which  is  disinterested.  There 
is  a  great  temptation  to  form  hasty  or  immature  judgments  on  slight 
authority;  and  the  habit,  once  formed,  may  be  difficult  to  eradicate. 

The  disregard  of  authority  is  peculiarly  observable  in  the  younger 
generation.  It  is  not  confined  to  the  uneducated,  biit  is  even  more 
observable  in  many  whose  self-esteem  has  been  increased  by  a  course 
in  college.  Finding  that  men  disagree  on  almost  every  subject,  and 
that  even  those  in  positions  of  authority  do  not  hold  the  same  opinion, 
it  is  easy  to  conclude  that  one  man's  opinion  is  as  good  as  another's. 
Let  us  examine  this  matter  further. 

The  subjects  of  study  may  be  broadly  divided  into  three  classes: 
First,  the  relations  of  abstract  ideas,  that  is,  mathematics  and  logic; 
second,  natural  science;  third,  the  so-called  humanities. 

With  regard  to  subjects  in  the  first  class,  no  observation  or  ex- 
perience is  necessary,  and  there  will  be  no  differences  of  opinion.  They 
are  not,  properly  speaking,  matters  of  opinion  at  all.  There  can  be 
no  discussion  as  to  whether  two  and  two  make  four,  or  as  to  whether 
the  three  angles  of  a  triangle  amount  together  to  two  right  angles. 

With  regard  to  natural  science,  conclusions  depend  to  some  extent 
on  observation,  experiment,  and  experience.  Hypotheses  may  be 
formulated,  experiments  made,  conclusions  deduced  therefrom;  and 
differing  conclusions  may  be  arrived  at  by  different  persons.  In  this 
class  then,  there  may  reasonably  be  divergencies  of  opinion.  These 
subjects,  therefore,  are  less  definite,  more  hypothetical,  more  uncer- 
tain, than  those  in  the  first  class. 

Under  the  third  class  are  comprised  what  are  called  mental  and 
moral  philosophy,  jjolitics,  government,  history,  language,  etc.  This 
class  of  subjects  is  even  more  uncertain  and  less  definite  than  the 
second.  Experiments  are  less  conclusive,  and  cannot  be  made  under 
determinate  conditions,  as  in  natural  science,  the  data  are  more  shift- 
ing and  variable,  experience  is  of  great  value,  and  extreme  differences 
of  opinion  will  often  occur. 

The  thoughtful  man   will   recognize  these  differences  between   the 
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various  subjects  of  iuvestigatiou.  He  will  form  his  conclusions  on 
subjects  in  the  tirst  class  with  definiteness  and  certainty,  and  will 
be  justified  in  feeling  confident  of  their  correctness.  He  will  recognize 
the  greater  indefiniteness  of  subjects  in  the  second  class,  and  if  he 
forms  definite  opinions,  he  will  hold  them  in  a  sort  of  tentative  man- 
ner, realizing  that  the  next  experiment  or  discovery,  or  greater  ex- 
perience, may  show  them  to  be  incorrect.  lie  will  realize  the  still 
greater  indefiniteness  of  subjects  in  the  third  class,  and  though  he 
may  well  form  definite  opinions  regarding  these  also,  he  will  hold 
them  with  still  greater  modesty,  realizing  that  in  almost  every  ques- 
tion of  this  character  there  is  much  to  be  said  on  the  other  side,  and 
that  he  may  be  entirely  wrong.  Only  the  man  who  has  studied  the 
subjects  in  all  three  of  these  classes  will  realize  fully  the  different 
degrees  of  certainty  attaching  to  each.  Such  a  man  will  be  much 
more  modest  and  safe  in  his  conclusions  than  one  who  has  studied 
only  one  class  of  subjects.  It  may  further  be  remarked  that  a  man 
who  has  studied  only  the  third  class  of  subjects,  will  be  likely  to  be 
more  dogmatic  and  less  safe  than  one  who  has  studied  the  first  or 
the  second,  or  both ;  because,  not  being  familiar  with  subjects  in  which 
a  great  degree  of  certainty,  or  even  absolute  certainty,  is  attainable, 
he  may  assume  that  sucli  degree  of  certainty  is  attainable  in  the  sub- 
jects of  the  third  class;  whereas,  a  man  who  has  studied  nuithematics 
or  science,  and  is  accustomed  to  definiteness,  will,  when  he  is  confronted 
witli  prnl)lems  of  politics,  economics,  government,  or  ethics,  be  at 
once  struck  with  the  great  difference  in  reliability  of  the  data,  the  impos- 
sibility in  many  cases  of  making  crucial  experiments,  and  the  fluctuat- 
ing conditions  involved.  For  this  reason,  it  is  not  uncommon  that 
scientists,  mathematicians,  or  engineers  hold  and  exi^ress  opinions 
regarding  politics,  economics,  or  ethics,  with  much  less  dogmatism  than 
less  well-informed  men  who  have  devoted  their  attention  more  strictly 
to  these  last-named  subjects.*       ,    :    ■  ^ 


•Sir  George  Cornewall  Lewis,  one  of  the  deepest  political  thinkers  of  England, 
or  of  all  time,  lays  down  the  following  rules  regarding  the  qualities  which  render 
a  person  a  competent  authority  in  matters  of  opinion  : 

"The  first  qualification  is,  that  a  person  should  have  devoted  much  study  and 
thought  to  the  subject-matter  if  it  be  merely  speculative ;  and  that  if  it  be  practical, 
he  should  also  have  had  adequate  experience  respecting  it. 

"Secondly,  his  mental  powers  must  be  equal  to  the  task  of  comprehending  the 
subject,   and   they  must  be  of  the   sort  fitted   to   it. 

"Thirdly,  he  ought  to  be  exempt,  as  far  as  possible,  from  personal  Interest  in 
the  matter  ;  or,  if  he  be  not  exempt,  his  honesty  and  integrity  ought  to  be  such  as 
to  afford  a  reasonabl-e  security  against  the  perversion  of  his  opinions  by  views  of 
his  individual  advantage."  "On  the  Influence  of  Authority  in  Matters  of  Opinion." 
London,   1849,  p,   27. 
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Lord  Brougham,  in  his  "Political  Philosophy"  (Vol.  1,  p.  3),  says: 
"Mathematicians  who  run  hardlj'  any  risk  ot"  f-rror — naturalists  who 
run  but  little  more — have  never  been  so  bigoted  and  so  uncharitable 
as  those  whose  speculations  are  fated  to  be  alway.s  involved  in  more 
or  less  of  doubt;  and  when  we  come  to  political  reasoners,  we  find,  besides 
the  intolerance  of  metaphysicians,  a  new  source  of  error  and  of  fault 
in  the  excitement  which  men's  interests,  real  or  supposed,  lend  to  their 
passions." 

Excellent  books  on  economics  have  been  written  by  mathematicians 
or  astronomers,  and  it  is  remarkable  to  observe  how  many  works  on 
these  subjects  have  come  from  men  who  have  been  senior  wranglers 
at  Cambridge. 

As  Lewis  says : 

"The  qualities  whicli  render  a  man  a  trustwortliy  authority  in 
matters  of  opinion,  are  much  rarer  than  those  which  render  a  man 
a  credible  witness  in  matters  of  fact.  Aecbrdingly,  the  honesty  which 
induces  a  man  to  speak  the  truth  is  more  common  than  that  which 
induces  him  to  form  sound  opinions.  There  are  many  men  who, 
under  ordinary  circumstances,  would  never  be  seduced  by  interest  to 
report  a  fact  falsely  or  to  express  an  insincere  opinion,  whose  judg- 
ment might,  nevertheless,  be  perverted  by  interest."* 

Lecky  also  expresses  the  same  thought  when  he  says : 
"There  is  such  a  thing  as  an  honest  man  with  a  dishonest  mind. 
There  are  men  who  are  wholly  incapable  of  willful,  deliberate  un- 
truthfulness, but  who  have  the  habit  of  quibbling  with  their  con- 
victions and  by  skillful  casuistry,  persuading  thenvselves  that  what 
they  wish  is  right." 

Indeed,  one  of  the  first  principles  which  we  must  thoroughly  grasp, 
if  we  wish  to  judge  correctly  as  to  the  a.uthority  of  a  writer,  is  that 
personal  honesty  and  good  intentions  do  not  in  themselves  constitute 
any  suificient  guaranty  of  authority.  Histor;v',  as  well  as  the  experi- 
ence of  almost  evei-y  man,  abounds  in  instances  of  the  truth  that  the 
most  honest  and  well-intentioned  men  may  be  the  worst  advisers.  The 
French  have  a  witty  saying  that  "virtue  is  more  dangerous  than  vice, 
because  it  is  not  subject  to  the  restraints  of  conscience."  Similar  is 
the  old  saying,  quoted  by  Cicero,  that  "The  extreme  of  right  is  the 
extreme  of  wrong." 

Two  of  the  most  important  requisites  for  authority  in  matters 
of  opinion,  seem  to  be  a  spirit  of  conservatism,  and  the  possession  of 

*Loc.   cit.,   p.    35. 
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good  judgment.  The  man  who  is  slow  to  advocate  a  change,  who 
adheres  instinctively  to  old  ideas  and  practices  until  there  is  reason- 
able ground  for  the  belief  that  a  change  will  be  beneficial,  is  clearly 
a  safer  guide  than  he  who  rushes  into  all  sorts  of  new  schemes  and 
is  ever  ready  to  throw  aside  the  results  of  years,  because  perfection 
has  not  been  attained.  Conservatism  is  the  brake  which  prevents  our 
rushing  to  destruction.  The  possession  of  grasp  and  of  good  judg- 
ment is  also  essential.  By  these  are  meant  the  ability  to  see  all  the 
elements  entering  into  a  problem  and  to  see  them  in  their  proper  pro- 
portion. The  narrow-minded  man  does  not  see  all  the  elements  in 
a  problem;  such  a  man  lacks  grasp.  The  unbalanced  man.  though 
he  may  see  all  the  elements,  exaggerates  some  and  minimizes  others; 
such  a  man  has  poor  judgment.     The  advice  of  either  is  unreliable. 

It  is  worthy  of  fuller  inquiry  what  the  reasons  are,  reduced  to  their 
elements,  w^hich  cause  men  to  differ  in  their  opinions.  Take  almost 
any  .subject,  except  one  dealing  with  abstract  relations,  and  opinions 
may  be  cited  which  are  diametrically  opposite.  Consider  such  a  matter, 
for  instance,  as  the  relation  of  forests  to  stream  flow.  Here  we  have 
a  scientific  subject,  regarding  which  it  might  be  supposed  that  ex- 
l^eriments  or  observations  might  be  made,  scientific  principles  applied, 
and  opinions  reached  which  would  be  agreed  upon  by  all  intelligent 
men  conversant  with  tlie  subject;  and  yet,  on  this  subject,  and  still 
more  so  on  even  more  speculative  matters,  men  of  equal  authority 
or  experience  will  be  found  holding  diametrically  opposite  views.  Why 
is  it? 

It  seems  to  me  that,  if  intelligent  men  differ  on  any  subject,  it 
must  be  due  to  one  or  more  of  the  following  causes; 

a. — One  or  the  other  is  not  in  possession  of  all  the  facts  or  princi- 
ples involved; 

h. — One    or    the    other    may    use    facts    or    principles    which    are 
incorrect; 

r. — One    or    the    other    may    rea.^011    incorrectly; 

(1. — One   or   the   other  may   see  the   facts    out    of   proportion,    at- 
tributing too  great  importance  to  some  and  too  little  to  others; 

e. — One   or  the  other  may    illustrate   the  natural   stubbornness   or 
imperviousness  of  the  human  mind. 

It  is  not  always  clearly  reco{>nized  that  often  facts  cannot  be 
compared  directly,  because  they  cannot  be  expressed  except  in  incom- 
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mensurable  terms.  For  instance,  if  we  ask  which  is  the  greater,  six 
feet  or  two  meters,  there  will  be  no  disagreement  in  the  answer;  but, 
if  we  ask  which  is  the  more  important,  10  feet  or  $5,  or  which  is  more 
important,  truthfulness  or  beefsteak,  the  reply  is  not  entirely  obvious. 
These  are  not  fanciful  illustrations.  We  are  continually  obliged  to 
make  comparisons  between  things  which  have  to  do  with  our  physical 
well-being  and  those  which  have  to  do  with  our  moral  or  spiritual 
well-being.  They  are  incommensurable,  yet  they  must  be  compared 
and  an  opinion  formed  from  the  comparison.  In  planning  a  railroad 
station,  for  instance,  one  design  may  require  the  passengers  to  walk 
a  certain  number  of  feet,  while  another  design  costs  more  but  requires 
less  walking.  Here  is  a  comparison  which  must  be  made  between  feet 
and  dollars.  In  such  a  case,  some  will  endeavor  to  express  the  compari- 
son in  commensurable  terms.  They  will  compute,  perhaps,  the  value 
of  the  shoe  leather  that  would  be  saved  in  a  year  if  all  the  passengers 
using  the  station  have  to  walk  the  given  distance  less,  and  compare 
it  with  the  interest  on  the  additional  expenditure.  Similarly,  the  ex- 
penditure of  millions  of  dollars  is  asked  for  electrification,  the  ad- 
vantage urged  being  the  saving  of  a  certain  number  of  minutes  each 
day  for  each  passenger,  and  because  the  aggregate  saving  of  time  in  a 
year,  valued  at  the  average  annual  wage  of  an  individual,  amounts  to 
a  sum  greater  than  the  interest  on  the  cost.  Such  comparisons  are 
generally  made  by  those  who  find  their  judgment  unable  to  deal  with 
the  subject  in  any  other  way — who  cannot  compare  except  by  measuring 
or  weighing,  as  they  have  been  trained  or  accustomed  to  do.  Yet  such 
persons  do  not  realize  that  the  comparisons  they  make  may  be  entirely 
deceptive.  Although  more  rapid  transit  may  render  a  journey  quicker, 
it  does  not  follow  that  the  time  is  saved.  It  may  be  usefully  employed 
in  reading,  or  in  conversation,  or  in  sleep,  or  in  meditation.  An 
additional  fifteen  minutes  spent  in  going  from  one's  house  to  one's 
office,  is  not  necessarily  lost;  it  may  be  utilized  like  any  other  fifteen 
minutes  in  the  day.  Even  if  spent  solely  in  meditation,  it  would  be 
most  beneficial,  for,  as  Arnold  Bennett  says,  the  great  defect  of  the  age 
is  the  absence  of  meditation.  In  such  argiiments  as  that  for  electrifica- 
tion the  mistake  is  also  made  of  not  considering  whether  the  individuals 
who  would  make  the  saving  claimed  are  the  same  individuals  who 
would  bear  the  increased  cost. 

Referring  to  the  classification  above,  it  is  evident  that  an  ability 
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to  observe  correctly,  the  faculty  of  getting  at  all  the  facts,  and  of 
knowing  when  all  the  pertinent  facts  have  been  collected,  the  ability 
to  reason  from  those  facts,  the  possession  of  conservatism,  the 
absence  of  stubborn  persistence  in  holding  a  previously  formed  opinion 
in  the  face  of  proof  of  its  error,  and,  above  all,  the  faculty  of  seeing 
things  in  proper  proportion,  or  good  judgment,  are  essential  in  forming 
an  authoritative  opinion. 

How  can  the  absence  of  these  qualities  be  detected?  To  discuss 
this  would  lead  us  too  far,  but  there  are  one  or  two  points  to  which 
I  wish  to  refer.  For  one  thing,  dogmatism,  or  intellectual  arrogance 
in  speculative  or  uncertain  matters,  is  an  almost  certain  indication  of 
disqualification.  The  man  who  in  such  matters  shows  intolerance  of 
opinion,  may  generally  be  disregarded.  He  who  in  matters  of  opinion 
is  cock-sure,  who  terms  all  men  who  disagree  with  him  knaves  or  fools, 
who  resorts  to  epithets  and  extreme  statements,  who  asserts  that  all 
honest  men  should  believe  as  he  does,  or  who  makes  similar  asser- 
tions, is  either  willfully  trying  to  mislead,  or  is  unworthy  of  credence. 
This  is  a  fault  which  is  observable  particularly  in  the  immature, 
whether  young  or  old  in  years.* 

•Let   me  quote   once   more  from   Sir   George   Cornewall   Lewis   on   this   subject : 

"Whenever  a  person,  having  formed  an  opinion  upon  grounds  which  appear 
satisfactory  to  himself,  asserts  it  confidently,  and  adheres  to  It  resolutely,  without 
showing  due  deference  to  the  authority  of  others,  he  is  justly  exposed  to  the  charge 
of  arrogance  or  pi-esumption  in  judging.  The  opinion  of  experienced  men,  having 
a  special  acquaintance  with  the  subject,  is  always  entitled  to  weight,  even  if  it  be 
unsupported  by  argument.  Hence,  all  young  persons,  who  attempt  to  judge  for 
themselves,  either  are,  or  appear  to  be,  arrogant ;  as  they  can  scarcely  fail  to  set 
at  nought  the  opinions  of  persons  more  experienced  and  of  greater  authority  than 
themselves.  It  is  diCQcult  for  a  young  man,  on  account  of  the  narrow  circle  of 
his  experience,  to  discriminate  between  the  cases  in  which  he  ought  to  judge  for 
himself,  and  those  in  which  he  ought  to  defer  to  the  opinions  of  others.  He  ought 
not  to  form,  in  youth,  a  habit  of  blind  submission  to  authority,  such  as  the  Jesuits 
inculcated  upon  their  disciples  ;  but  a  spirit  of  docility,  and  respect  for  the  opinions 
of  their  elders,  undoubtedly  become.s  the  young  ;  and  it  Is  certain  that  their  opinions, 
especially  on  practical  questions,  however  formed,  will  In  general  be  of  very  little 
value  to  others,  however  important  it  may  be  to  themselves  to  cultivate  a  habit  of 
independent  and  conscientious  judgment. 

"Persons  who  have  formed  habits  of  independent  thought  and  examination  like- 
wise generally  subject  themselves  to  the  same  reproach — inasmuch  as  they  often 
attach  an  undue  weight  to  a  chain  of  reasoning  which  they  have  gone  through  in 
their  own  minds,  as  compared  with  the  opinions  of  persons  who  appear  to  be  entitled, 
by  their  experience,  to  pronounce  authoritatively  on  the  subject.  It  is  no  easy  matter 
to  define  tlie  point  where  firmness,  resolution,  and  proper  self-reliance  begin.  It 
is  difficult,  again,  to  discriminate  between  teachableness,  humility,  and  reverence 
for  high   authorities,  and  a  tame  and  passive  submission   of  the  understanding. 

"Universally,  indeed,  it  may  be  said,  that  no  person  ought  to  express  a  con- 
fident opinion  upon  speculative  grounds,  until  he  has  ascertained,  by  careful  in- 
vestigation, the  unsoundness  of  the  reasons  for  a  different  opinion,  held  by  practical 
and  experienced  men.  If,  however,  after  a  due  examination,  he  differs  from  their 
conclusions,  he  cannot,  even  if  he  be  wrong,  justly  be  taxed  with  arrogance.  To 
persist  in  error  after  proper  inquiry  and  reflection,  is  not  presumptuous,  although 
it  may  imply  other  moral  or  Intellectual   defects.      •     •      • 

"  'That  man'  (says  Hesiod,  in  some  celebrated  verses,  which  acquired  in  an- 
tiquity almost  an  oracular  authority,) — 'that  man  is  the  most  excellent,  who  can 
always  think  for  himself.  He.  too,  is  a  good  man  who  will  take  sound  advice  from 
others.  But  he  who  can  neither  think  for  himself,  nor  will  listen  to  the  sound 
advice  of  others,   is   a   worthless   man.'"   Lor   cit.,   pp.    113-117. 
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If,  therefore,  we  find  an  author  proposing  changes  in  political  or 
social  conditions  who  refers  to  eminent  men  at  least  as  honest  and 
intelligent  as  himself,  and  more  learned  and  experienced  than  he  is, 
in  terms  of  disrespect,  we  may  be  pardoned  if  we  surmise  that  his 
own  temper  and  judgment  are  not  such  as  to  entitle  his  words  to 
be  received  with  authority.  So  also,  if  we  detect  what  we  believe  to  be 
frequent  gross  errors  in  reasoning,  or  a  temperamental  lack  of  the 
power  to  see  things  in  what  is  clearly  their  proper  perspective,  we  may 
save  ourselves  the  trouble  of  pursuing  such  an  author  farther,  even 
though  his  sentences  are  adorned  with  flowers  of  rhetoric  or  by  Bib- 
lical quotations. 

S. — The  Disregard  for  Experience. — One  of  the  most  serious  ten- 
dencies of  the  present  day,  particularly  in  the  United  States,  a  ten- 
dency which,  like  the  disregard  of  authority,  seems  to  result  from  that 
to  regard  men  as  equal,  is  the  disregard  for  experience.  It  is  a 
tendency  fraught  with  great  possibilities  for  evil,  which  must  be 
recognized  by  every  serious  thinker. 

In  any  occupation,  except  those  which  have  to  do  with  the  study 
of  purely  abstract  relations,  which,  as  above  explained,  may  be  ar- 
rived at  correctly  in  the  seclusion  of  the  study,  it  is  almost  self-evident 
that  experience  is  of  great  value.  In  any  occupation  having  to  do 
with  pure  or  applied  science,  and  particularly  in  those  having  to 
do  with  man  and  his  relations  to  society — that  is  to  say,  in  politics, 
economics  and  government,  as  well  as  in  engineering — experience  is  a 
necessary  qualification  for  arriving  at  correct  judgments.  A  person 
having  a  power  of  perception  of  mathematical  relations  may  become  a 
profound  mathematician  at  an  early  age;  indeed,  the  perception  of 
mathematical  truths  is  essentially  a  subjective  faculty,  and  may  be 
most  correct  and  powerful  when  the  mind  is  removed  from  the 
objective  state.  Some  mathematical  prodigies  have  reached  their 
greatest  power  when  mere  boys,  and  have  lost  it  with  increasing  age 
and  contact  with  the  objective  world.  In  business  affairs,  however,  no 
amount  of  reading  of  books  or  of  closet  meditation  can  take  the  place 
of  actual  experience;  but,  if  all  men  are  equal,  then  the  boy's  opinion 
is  as  good  as  the  man's,  and  experience  is  a  mere  useless  drag. 

It  seems  to  be  an  inherent  tendency  of  our  form  of  government  to 
disregai'd  the  value  of  experience;  any  man  is  considered  good  for  any 
job;  all  he  has  to  do  is  to  get  the  votes,  by  one  means  or  another.     J\len 
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who  havo  iiiade  little  or  no  study  of  governnient,  and  who  have  had 
no  experience  in  it,  are  considered  capable  of  judging  of  and  admin- 
istering laws,  and  of  occupying  any  elective  or  appointive  position.  The 
butcher,  the  baker,  the  candlestick-maker,  are  all  eligible  for  the  state 
legislature,  for  congress,  for  the  senate,  for  the  mayoralty,  for  the 
|iresideiiey.  This  condition  necessarily  results  in  gross  inefficiency  and 
waste,  not  always  through  evil  intent,  but  perhaps  more  often  through 
stubbornness,  ignorance,  conceit,  or  the  unwillingness  or  inability  to 
select  and  take  good  advice.  We  talk  much  of  graft,  and  rightly  con- 
demn it;  but,  as  Lecky  has  pointed  out,  corrupt  governments  are  not 
necessarily  extravagant.  Graft  is  injurious  mainly  to  those  who  prac- 
tice it.  Inefficiency  and  inexperience  are  much  worse  for  society  in 
general ;  and  laws  which  hamper  industry,  which  harass  property,  or 
which — through  unwise  taxation,  or  extravagant  state  expenditures  for 
the  benefit  of  particular  classes — plunder  large  portions  of  the  com- 
nuinity.  are  much  more  injurious  to  the  general  good  than  the  pilfer- 
ing of  a  few  thousands  of  dollars  a  year.  Sir  Henry  Maine  remarks 
that  the  form  of  bribery  which  is  most  to  be  feared  in  a  democracy  is 
that  of  "legislating  away  the  property  of  one  class,  and  transferring  it 
to  another."* 

Only  in  one  department  do  we  recognize  experience,  knowledge,  and 
specialized  training  as  necessary,  and  that  department  is  the  adminis- 
tration of  justice.  No  one  but  a  trained  lawyer  is  considered  eligible 
tor  the  jjosition  of  judge,  and  in  most  instances,  judges  are  appointed 
and  not  elected,  and  are,  therefore,  not  driven  to  seek  tlie  vote.s  of  the 
mob,  or  subject  to  popular  whim,  or  the  arts  of  the  demagogue.  For 
this  reason,  our  Courts  have  been  rightly  deemed  the  safeguar<l  of  our 
liberties.  Xot  until  oui  legislators  and  mir  administrators  of  public 
affairs  are  chosen  from  men  trained  and  experienced,  and  who  have 
ascende<l  fromi  the  bottom  step  by  step,  will  efficiency,  economy,  and 
wisdom  be  attained  in  our  government.  Whether  this  time  will  ever 
lie  reached  may  well  be  doubted.  We  are  much  less  advanced  in  this 
respect  than  some  of  the  countries  in  Europe,  where  the  expert  is  more 
recognized  and  has  a  higher  standing,  and  where  knowledge,  and  par- 
ticularly experience,  are  valued  more  highly  than  here.  If  linancial 
measures  are  under  consideration,  men  experienced  in  finance  should  be 
>()Ught  and  their  advice  followed.  In  our  country,  experience  in  finance 
•■'Popular   Government,"   p.    106. 
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seems  to  be  to-day  looked  upon  as  a  disqualification  for  giving  sound 
financial  advice;  and  it  is  the  same  with  railway  and  other  afPairs.  Under 
such  conditions,  satisfactory  results  cannot  be  attained.  Either,  as  a 
people,  we  are  more  dishonest,  or  more  unwise,  than  the  people  of 
Europe. 

In  these  days,  when  higher  education  is  a  fad,  there  is  an  increas- 
ing tendency,  in  my  opinion  very  pernicious,  to  regard  book  knowledge 
as  the  equivalent  of  experience.  We  are  more  and  more  inclined  to 
regard  those  as  able  to  speak  with  authority,  whose  knowledge  is  de- 
rived simply  from  books,  who  perhaps  have  spent  their  lives  in  a  pro- 
fessorial chair,  with  no  actual  experience  in  the  subjects  they  teach 
or  write  about.  We  shall  in  time  learn  the  fallacy  and  danger  of  this; 
but,  in  my  opinion,  at  the  present  time  great  harm  is  being  done  by 
taking  too  seriously,  in  questions  of  politics,  government,  economics, 
finance,  and  business,  and  sometimes  in  engineering,  the  opinions  of 
theoretical  men  and  closet  reformers,  whose  advice  we  would  not  think 
of  following  in  the  conduct  of  our  own  private  affairs.  Some  of  these 
men  will  come  within  the  class  of  those  who,  to  use  the  phrase  of  Mr. 
E.  P.  Ripley,  President  of  the  Atchison,  Topeka  and  Santa  Fe  Rail- 
road, have  "zeal  without  knowledge,  and  enthusiasm  without  sanity," 

Of  course,  it  must  not  be  supposed  that  experience  is  everything. 
In  some  cases,  experience  only  confirms  a  man  in  rule-of-thumb  prac- 
tice, works  him  deeper  and  deeper  into  a  rut,  and  destroys  his  power  of 
vision.  Probably  all  of  us  have  seen  instances  of  men,  whose  long 
experience  in  doing  a  particular  thing  in  a  particular  way  has  only 
destroyed  their  power  to  see  that  there  is  another  and  a  better  way, 
and  whose  only  reason  for  doing  that  thing  in  that  way  is  that  they 
have  always  done  it  in  that  way.  Such  men,  however,  would  never, 
under  any  circumstances,  be  leaders.  They  are  the  soldiers  in  the 
ranks,  whose  only  function  should  be  to  obey  orders.  It  not  infre- 
quently happens,  in  the  administration  of  some  business  affair,  that 
a  new  man  with  a  fresh  mind,  without  experience  in  that  line,  but 
with  a  power  of  selecting  good  advisers,  of  grasping  a  new  situation 
quickly,  of  seeing  all  the  elements  involved  and  of  judging  them 
correctly,  will  arrive  at  a  truer  decision  than  another  man  of  less  grasp 
and  judgment,  though  experienced  in  the  matter  in  question.  This, 
however,  is  no  argument  against  experience,  but  simply  illustrates  that 
experience  must  be  combined  with  grasp  and  judgment;  for  the  new 
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man,  before  he  becomes  really  proticient,  must  either  gain  his  expe- 
rience, or  must  be  able  to  select  his  advisers  well  and  to  rely  on  them. 
If  we  are  obliged  to  clioose  between  judgment  and  experience,  we  may 
well  prefer  judgment;  but  experience  added  to  judgment  is  unques- 
tionably better  than  judgment  alone. 

Not  only  is  experience  discredited  to-day,  but  we  actually  find  in- 
t  xporience  ])ut  forwanl  as  a  virtue  by  men  who  should  know  better. 
One  candidate  for  an  important  elective  office,  in  an  address  to  the 
electors  just  previous  to  the  election,  urged  his  qualification  for  the 
post  on  tho  gnuind  that  ho  luid  had  no  business  experience  which 
would  prejudice  his  judgment  in  the  matters  which  would  come  before 
him.  Is  not  this  a  serious  disqualification — an  admission  that  his  tem- 
perament is  such  that  experience  would  prejudice  him,  and  not  teach 
him?  Do  we  not  want  men  in  office  experienced  in  the  affairs  they  are 
to  deal  with,  but  fair-minded  and  of  good  judgment,  whose  experience, 
instead  of  warping  their  judgment,  aids  and  matures  it?  Woe  be  to 
us  as  a  nation  when  we  place  inexperienced  men  in  office  because 
experience  would  warp  their  judgment. 

It  is,  nevertheless,  true  that  men  differ  greatly  in  the  amount  of 
experience  which  they  need  in  order  to  perfect  their  powers.  This  will 
dei:)end  on  the  rapidity  with  which  they  can  assimilate  it,  and  the 
philosophical  character  of  their  minds.  It  has  been  said  that  the 
wisest  man  is  he  who  can  do  with  the  least  experience;  that  is  to  say, 
the  one  who  does  not  need  to  have  an  experience  repeated  again  and 
again  before  he  learns  the  lesson  which  it  teaches,  but  who  only  needs 
one  experience  to  learn  its  lesson,  and  who  can  extend  that  lesson  to 
cover  other  possible  experiences,  thus  rendering  the  latter  unnecessary. 

When  we  are  asked,  therefore,  to  believe  and  advocate  any  proposed 
policies,  let  us  train  ourselves  to  apply  certain  touckstones  before  we 
connnit  ourselves.  If  the  subject  is  one  within  our  experience,  knowl- 
edge, and  reasoning  powers,  let  us  endeavor  earnestly  to  think  the 
matter  out  for  ourselves  and  arrive  at  our  own  conclusions.  In  the 
many  cases  in  which  we  cannot  do  this  let  us  carefully  scrutinize  the 
policies  and  their  proposers,  to  determine  how  much  credence  we  can 
give.  Let  us  observe  whether  the  author  asserts  them  dogmatically 
or  modestly;  let  us  note  whether  he  makes  assertions  without  proof, 
and  by  incessant  repetition  endeavors  to  make  us  believe  that  asser- 
tion  constitutes   demonstration;   let    us    ask    wliether   he   speaks   from 
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experience  or  simply  from  book  knowledge;  let  us  remember  tbat  be 
is  not  free  from  the  frailties  of  human  nature,  and  let  us,  therefore, 
inquire  Avhether  he  has  any  personal  interest  at  stake;  let  us  assume 
an  attitude  of  doubt  and  distrust  toward  all  human  opinions  until 
that  doubt  and  distrust  are  effectually  removed.  It  is  said  that  it  is 
better  to  be  deceived  than  to  distrust ;  but,  after  we  have  been  deceived, 
we  shall  be  more  inclined  to  reverse  this  saying,  and  to  consider  that, 
in  the  reversed  form,  it  will  be,  upon  the  whole,  safer  and  more  con- 
ducive to  our  happiness.  Let  us  be  on  our  guard  against  assuming 
that  good  intentions  are  a  guarantee  of  authority,  and  when  we  find 
ourselves  in  danger  of  being  influenced  by  flowers  of  rhetoric,  let  us 
remember  that  "no  man  is  niore  dangerous  in  a  state  than  he  who 
possesses  in  an  eminent  degree  the  power  of  moving,  dazzling,  and 
fascinating  his  contemporaries,  while  in  soundness  of  judgment  he 
ranks  considerably  below  the  average  of  educated  men";  and  let  us 
further  bear  in  mind  that  ''an  excessive  love  and  admiration  of 
rhetoric  is  one  of  the  diseases  to  whicli  democratic  communities  are 
most  liable." 

^. — The  Tendency  to  Belax  Discipline.- — Another  of  the  demoraliz- 
ing tendencies  of  the  equality  of  man  is  that  which  has  led  in  recent 
years,  it  seems  to  me,  to  the  gradual  but  steady  relaxation  of  discipline. 
It  will  probably  be  denied  by  few  that  for  the  proper  training  and  full 
development  of  the  human  being,  discipline  is  necessary.  Life  itself 
is  little  more  than  discipline;  it  is  not  for  pleasure;  it  is  for  work, 
accomplishment,  development ;  Avithout  discipline  there  will  be  no 
projier  development.  He  who  is  born  with  a  golden  spoon  in  his  mouth 
and  whose  life  is  a  continual  round  of  pleasure,  is  likely  to  go  out  of 
the  world  less  developed  than  when  he  entered  it.  "The  beginning  of 
wisdom,"  says  Solomon,  "is  the  desire  of  discipline."  Work,  which  is 
itself  an  end,  and  rather  to  be  sought  than  what  it  brings,  consists 
largely  in  doing  things  which  in  themselves  are  iminteresting  and 
perhaps  distasteful,  and  we  must  accustom  and  train  ourselves  to 
be  able  to  do  this  kind  of  work  cheerfully  and  well.  This  ability  will 
be  attained  only  through  discipline.  Moreover,  the  man  who  attains 
a  position  of  responsibility  must  be  able  to  direct  and  command  the 
work  of  others,  and  no  one  can  command  wisely  until  he  has  first 
learned  how  to  obey.  For  this,  too,  discipline  is  necessarj^  Yet  the 
tendency  of  recent  years  seems  to  me  to  have  been  toward  a  steady 
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relaxation  of  tlie  disfiijlinc  iiiipused  hy  law  and  custom  uiH>n  the  jivow- 
ing  individual. 

A  tendency  to  relax  discipline  is  strikingly  shown  where  its  neces- 
sity is  obvious,  namely,  in  our  educational  sy.stem.  Formerly,  the  boy 
was  put  through  a  rigid  course  of  prescribed  study,  some  of  it  interest- 
ing and  some  uninteresting  to  him;  but  all  of  it,  pi'csumably,  if  the 
course  was  properly  i)repari'd  liy  a  cnjiable  facultj',  necessary  for  the 
end  in  view.  The  modern  tendency  has  been  to  sub-stitute  what  he 
chooses  to  do  or  likes  to  do.  The  result  has  been,  and  is,  that  many 
young  men  come  out  of  our  colleges  with  minds  and  faculties  practi- 
cally wild  and  undiscijilined,  without  willingness  to  do  as  they  are 
told;  and  without  the  faculty  of  eonceiUra.ting  their  attention  on  un- 
pleasant but  necessary  tasks;  but,  if  all  men  are  equal,  why  should 
the  teacher  have  the  power  to  impose  unpleasant  tasks  upon  the  pupil? 

That  the  tendency  in  education  has  been  to  relax  discipline,  will 
not,  I  think,  be  questioned  by  many  educators  who  themselves  appre- 
ciate what  discipline  is.  I  understand,  for  instance,  that  the  National 
Educational  Association  has  recently  said  that  high  schools  should 
be  allowed  to  omit  the  study  of  algebra  and  geometry,  and  that  the 
colleges  should  be  compelled  to  accept  for  admission  an  equivalent 
amount  of  "science."  As  if  we  could  study  sqience  intelligently  with- 
out a  knowledge  of  elementary  mathematics!  ;  President  Hadley,  in  a 
recent  address,*  comments  upon  this  and  emphasizes  the  fact  that  real, 
training  in  science  depends  uj)ou  tlic  tiictlKKl.  not  the  subject;  and  he 
adds  that  "fifty  years  ago  the  one  course  in  the  academic  department 
of  Yale  College  where  modern  science  was  really  taught,  was  the  course 
in  freshman  (ireek,''  because  it  was  taught  by  the  scientific  method. 
Would  that  we  had  more  teachers  like  the  liadleys,  father  and  son. 
Our  teachers  are  generally,  I  think,  chosen  upon  an  incorrect  prin- 
ciple; they  are  appointed  by  reason  of  what  they  know;.it  s^^ms;  tQi 
me  they  should  be  selected  for  what  they  arc — for  their  ability  to  teach,, 
and  their  power  of  enforcing  scientific  discipliu,e.  We  may  well  pondei' 
to-day  the  words  of  that  .:^ne  old  English  schoolmaster,  Richard  Mul- 
caster,  who  died  302  years  ago,  and  who  wrote: 

"I  would  rather  hazard  the  reproach  of  being  a  severe  master  in 
making  a  boy  learn  what  may  aftei'wards  be  of  service  to  him,  even 
though  he  be  negligent  and  unwilling  at  the  time,  than  that  he  should 

'Science,  May,    1913. 
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lack  any  advantage  when  he  is  older,  because  I  failed  to  make  him 
learn,  owing-  to  my  vain  desire  to  be  considered  a  courteous  teacher." 

The  tendency  toward  a  relaxation  of  discipline  shows  itself  also 
in  our  laws.  We  congratulate  ourselves  on  our  humanity,  because 
the  long  list  of  severe  penalties,  which  formerly  existed,  has  been 
replaced  by  a  code  much  less  severe;  but  have  we  not  gone  to  the  other 
extreme,  encouraging  a  spirit  of  lawlessness  and  an  unwillingness  to 
submit  to  proper  restraint?  If  one  person  shoots  another  with  intent 
to  kill,  is  the  crime  any  less  when  the  wound  is  slight  than  when  it  is 
fatal?  Why  is  an  attempt  to  wreck  a  railroad  train,  or  to  dynamite 
or  set  fire  to  a  building  which  may  involve  the  sacrifice  of  many  lives, 
any  less  serious  than  to  kill  a  man  in  a  quarrel?  Why  should  not  the 
depraved  individuals  who  commit  acts  like  these  be  at  once  put  out  of 
the  way  for  the  good  of  society.  Our  nerveless  laws  and  the  mis- 
directed efforts  of  inflamed  philanthropy  condone  offenses  all  along  the 
line.  We  coddle  and  sympathize  and  send  flowers,  where  we  should  be 
stern  and  insist  that  the  good  of  society  is  the  first  thing  to  be  con- 
sidered. Even  in  our  daily  dealings  with  individuals  in  matters  not 
within  the  province  of  the  law,  we  fail  to  realize  that  a  prescription 
often  needed,  instead  of  coddling,  kind  words,  sympathy,  and  self- 
sacrifice,  is  the  prompt  and  energetic  application  of  the  toe  of  the 
boot  to  the  lower  end  of  the  spinal  column,  repeated  if  necessary,  until 
relief  is  obtained.  We  are  victims  to-day,  it  seems  to  me,  of  an  ex- 
aggerated humanity,  as  well  as  of  a  decay  of  discipline.  Large  num- 
bers of  men  and  women  with  warm  hearts  and  good  intentions  are  ex- 
alting sentiment  above  sanity,  sympathy  above  truth,  and  ease  above 
discipline. 

5. — Another  of  the  tendencies  very  marked  at  the  present  time,  is 
the  spirit  of  innovation,  which  seems  to  pervade  all  things ;  whatever 
is,  is  wrong;  the  social  custom  must  be  changed  in  order  to  keep  up 
with  the  time.  This  spirit  is  particularly  observable  among  the  young 
and  the  immature,  especially  if  it  has  been  preceded  or  accompanied 
by  a  lack  of  discipline  in  early  training.  It  is  an  instance  of  what 
Ferrero  terms  "that  youthful  spirit  of  innovation  which  is  in  all  ages 
the  main  source  both  of  perversion  and  of  progress."  Many  of  our 
young  men,  *'all  aflame  with  an  enthusiasm  unquenched  as  yet  by  any 
continuous  contact  with  affairs,"  set  out  to  reform  the  world,  not  so 
much  because  it  needs  reform,  as  because  they  wish  to  justify  their 
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existence.  This  sjiirit  of  innovation  is  at  all  times  one  to  be 
expected  and  reckoned  with.  Every  generation,  as  it  comes  along, 
will  endeavor  to  change  the  condition  in  which  it  finds  itself,  and  will 
designate  that  change  with  the  name  of  progress,  even  though  it  be 
perversion.  Oh!  Progress!  what  crime^s  are  committed  in  thy  name! 
Even  if  a  social  condition  were  perfect  and  ideal,  a  new  generation 
would  endeavor  to  change  it.  Youth  desires  change;  often  because  it 
knows  no  better.  Age  becomes  conservative  because  it  knows  by  ex- 
perience the  dangers  of  hasty  or  unwise  change.  Tlie  spirit  of  equality 
accelerates  this  tendency. 

The  United  States  is  often  spoken  of  as  the  country  of  the  young 
man;  the  old  are  laid  on  the  shelf  just  as  soon  as  they  become  conser- 
vative, because  wisdom,  experience,  and  the  authority  of  age  are  not 
respected.  The  adage,  "old  age  for  counsel,  youth  for  action,"  is  modi- 
fied by  the  omission  of  the  first  half.  Old  age  is  not  regarded  at  all, 
as  soon  as  it  desires  stability  and  permanence  rather  than  change.  This 
tendency  is  certainly  much  more  observable  in  this  country  than  in 
Europe,  where  the  wisdom  w^hich  comes  from  age  and  experience 
is  recognized  and  utilized.  Gladstone  and  Voltaire  did  their  best 
work  after  they  were  60;  Bismarck  did  his  after  he  was  50.  Gray 
hairs  are  common  in  the  highest  councils  abroad.  Here  they  are  con- 
sidered rather  a  symptom  of  decay. 

This  spirit  of  innovation  which  pervades  all  things  seems  to  be 
largely  a  result  of  scientific  progress;  the  rapid  advances  made  in  in- 
ventions of  all  kinds,  the  improvements  in  the  arts  and  manufactures, 
have  resulted  in  a  complete  revolution  of  the  methods  in  many 
branches  of  industry  within  a  comparatively  few  years.  Men  now 
living  were  born  before  there  were  any  railroads,  and  almost  all  of  us 
can  remember  the  time  when  the  applications  of  electricity  were  just 
beginning.  An  industrial  plant  but  a  few  years  old  may  be  out  of  date 
and  unable  to  compete  with  newer  and  more  economical  installations. 
In  engineering  matters  we  are  accustome<l  to  see  things  completely  re- 
modeled within  a  short  time. 

This  familiarity  with  industrial  change  and  the  recognition  of  its 
benefits  have  naturally  led  to  the  idea  that  everything  must  be  recon- 
structed, or  it  is  old-fashioned  and  out  of  date,  even  though  it  be  a 
thing  in  which  there  have  been  no  new  discoveries,  warranting  any 
change  whatever:  music,  painting,  dancing,  education — everything,  in 
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fact — must  be  completely  reorganized.  This  willingness  and  desire 
for  change  afford  the  opportunity  for  unsuccessful  mediocrity  and  for 
ambitious  and  unscrvipulous  failure  to  foist  upon  the  public,  which 
eagerly  accepts  it,  forms  of  change  which  discerning  men  must  char- 
acterize as  gross,  ridiculous,  and  demoralizing.  The  result,  in  many 
cases,  is  a  deterioration  pitiable  to  behold.  Let  any  one  compare,  for 
instance,  the  modern  painting,  dancing,  and  music,  with  that  in  vogue 
fifty  or  one  hundred  years  ago,  and  he  will  find  abundant  proof  of  this. 
In  politics  and  government,  too,  the  same  tendency,  the  same  reckless- 
ness, the  same  demoralization,  are  equally  observable. 

Now.  of  course,  an  existing  condition  is  not  necessarily  the  best 
because  it  is  old;  neither  is  a  proposed  change  advisable  because  it  is 
new.  In  many  cases,  however,  suggested  changes,  ignorantly  proposed 
by  those  unacquainted  with  history,  have  been  tried  and  have  been 
fomid  wanting  centuries  ago.  History  repeats  itself.  Nations,  like 
individuals,  will  only  learn  by  costly  experience.  Away  with  the  old, 
make  way  for  the  new !  We  will  not  pi'ofit  by  the  lessons  of  our  fore- 
fathers, we  must  experiment  and  learn  for  ourselves.  Is  it  not  much 
better  that  we  should  try  to  cultivate  the  breadth  of  view,  the  tolerance 
of  opinion,  which  will  lead  us  neither  to  adhere  to  that  which  is  old, 
from  extreme  conservatism,  nor  to  indulge  in  rash  experiments;  but  to 
study  history,  cultivate  a  sound  and  deliberate  judgment,  and  endeavor 
to  guide  the  inevitable  spirit  of  innovation  into  proper  channels;  and 
to  remember,  as  Lecky  well  says,  that  "an  appetite  for  organic  change  is 
one  of  the  worst  diseases  that  can  affect  a  nation?" 

6. — Advancing  civilization  and  increase  of  wealth  inevitably  lead 
to  increased  luxury  and  extravagance;  and,  with  our  advancing  civili- 
zation, this  tendency  is  not  wanting.  If  the  experience  of  the  past  is 
of  any  value,  however,  it  is  a  serious  symptom  of  degeneration.  The 
sudden  accession  of  great  wealth,  particularly  to  those  who  are  in- 
competent to  use  it  wisely,  engenders  luxury  and  ostentation,  and  a 
contempt  for  those  less  fortunate;  thus  stimulating,  to  a  certain  ex- 
tent, an  attempt  of  the  latter,  particularly  if  endowed  with  the  ballot, 
to  recoup  themselves  and  gain  what  they  conceive  to  be  their  rights 
at  the  expense  of  wealth,  by  various  forms  of  imjust  taxation  and 
other  well-known  expedients.  If  it  is  our  duty  to  preach  the  gospel 
of  content  and  the  inequality  of  man.  it  is  equally  our  duty  to  preach 
the  proper  use  of  wealth,  and  the  proper  attitude  of  the  wealthy  toward 
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those  less  fortunate;  ami  while  lielieviufr  that  iudiviilnal  initiative 
sliouki  be  stiniuhited  to  the  utmost,  and  allowed  to  enjoy  the  fruits 
of  its  suceess.  it  may,  nevertheless,  fairly  be  (juestioned  whether  some 
of  the  rewards  under  present  eonditions  are  not  too  larg'e,  and  whether 
men  would  not  exert  themselves  as  well  for  the  prospect  of  a  more 
reasonable  recompense  as  for  the  prospect  of  unreasonable  and  ex- 
cessive riches.  But,  again  history  repeats  itself,  and  things  move 
in  cycles.  Peace  causes  prosperity,  prosperity  gives  rise  to  w'ealth, 
wealth  gives  rise  to  luxuiy  and  extravagance,  luxurj^  and  extravagance 
are  the  source  of  contention,  contention  results  in  war  or  social  revolu- 
tion, these  result  in  i)overty,  poverty  results  in  peace,  and  so  the  cycle 
is  completed.* 

Ferrero,  writing  of  the  condition  of  Konie  in  the  Second  Century, 
B.  C  wrote: 

"The  destruction  of  Carthage  and  Corinth  had  already  worked  seri- 
ous havoc  in  Roman  life,  spreading  luxury  and  ostentation  among  the 
upi)er  classes,  a  distaste  for  work  among  the  lower,  and  wastefulness 
and  intemperance  in  all  ranks  of  society." 

Do  we  not  see  before  us  to-day  in  America  the  same  phenomena? 
It  is  not  the  destruction  of  Carthage  and  Corinth  which  have  worked 
and  are  working  serious  havoc  in  our  life,  but  it  is  the  conquest  of 
the  virgin  resources  of  a  great  continent.  Wealth,  luxury,  and  ostenta- 
tion are  the  result,  and  nothing  is  more  plain  than  the  fact  that  a  dis- 
taste for  work  exists  and  is  spreading  broadly  among  the  lower  classes, 
and  wastefulness  and  intemperance  everywdiere. 

7. — The  last  tendency  to  which  I  will  call  attention  is  what  seems 
to  me  the  distinct  tendency,  under  present  conditions,  and,  in  fact, 
under  conditions  which  have  existed  in  increasing  degree  as  civilization 
has  advanced,  toward  the  deterioration  of  the  race.     The  law  of  evo- 

•The  following  verse  is  taken  from  a  collection   of  old   French   proverbs  : 
"Paix     entendre     prosperite, 
De  prosperite  vient  richesse, 
De   richesse  orguoil   et   volupte. 
D'orgueil    contention    sans  cesse. 
Contention  la  guerre  addresse 
La   guerre   engenilre  pauvrete, 
Pauvrete  humilito, 
D'humilite    revient    la    paix, 
Aussi   retournent   les  humans." 

"The  following  passage  from  Ramsay"s  'Voyages  de  Cyrus"  contains  a  similar 
view  with  respect  to  the  succession  of  causes  and  effects  in  the  affairs  of  nations  : — 
'Pendant  I'espace  de  trois  cens  ans  la  valeur  des  rois  de  Medie  avoit  augmente  leure 
conquetes.  Les  conquetes  avoient  engendre  de  luxe,  et  le  luxe  est  toujours  I'avant- 
coureur  de  la  chflte  des  empires.  Valeur,  conquetes,  luxe,  anarchie,  voila  le  cercle 
fatal,  et  les  differens  periodes  de  la  vie  politique  de  presque  tous  les  etats.'  " 
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lution  in  all  species  of  animals  and  plants,  the  law  which  we  ourselves 
recognize  and  follow  in  breeding  and  cultivating  them,  is  for  the 
survival  of  the  fittest,  the  gradual  elimination  of  the  weak  and  unfit. 
This  is  distinctly  the  law  of  progress.  In  the  case  of  man,  however, 
there  is  added  an  element  which  does  not  exist  with  the  lower  animals 
or  with  plants,  namely,  the  element  of  human  reason.  Under  the  domi- 
nation of  this  element,  has  not  the  tendency  st-eadily  been,  with  the 
growth  of  altruistic  ideas  and  the  prevalence  of  philanthropic  institu- 
tions, toward  the  survival  of  the  unfit?  Are  we  not  encouraging  in 
many  ways  the  survival  of  the  weak,  the  inefficient,  the  incom- 
petent, the  depraved?  If  all  men  are  equal,  he  who  is  born  with  an 
inheritance  which  makes  him  depraved  or  incompetent  is  not  responsi- 
ble for  that  inheritance,  and  is  as  much  deserving  of  preservation  as 
the  strongest  and  the  best. 

Galton,  in  his  researches  on  heredity,  comes  to  the  conclusion  that 
the  average  Greek  of  the  Athenian  Age  was  as  much  superior  intel- 
lectually to  the  average  European  of  to-day,  as  the  latter  is  superior 
to  the  average  African  savage.  At  the  present  time,  in  all  probability, 
the  uncivilized  races  are  governed  by  the  law  of  evolution,  the  survival 
of  the  fittest;  while,  in  the  case  of  the  so-called  civilized  races,  the 
reverse  seems  true.  The  two  tendencies  must  meet  and  cross  at  some 
point  in  the  future,  if  they  continue. 

This  problem  is  one  of  the  most  serious  that  confronts  us  to-day. 
I  have  no  time,  even  had  I  the  knowledge,  to  discuss  it  in  detail ;  I  will 
content  myself  with  merely  mentioning  it.  It  may  seem  wrong  to  be- 
lieve that  all  have  not  equal  right  to  survive,  yet  it  seems  to  me  that 
the  interests  of  society  as  a  whole  must  lead  us  to  the  conclusion  that 
serious  evil,  and  perhaps  ultimate  ruin,  await  us  unless  some  means 
can  be  devised  for  solving  this  problem  and  in  some  manner  regulating 
the  perpetuation  of  our  species.  If  present-day  humanitarianism  leads 
to  race  degeneration,  it  cannot  be  the  way  of  progress  intended  by  an 
all-wise  Creator,  and  we  should  try  to  see  in  what  way  we  are  mis- 
applying it.  The  subject  is  manifestly  beset  with  great  difficulties. 
In  the  first  place,  we  must  define  the  "fit."  Clearly,  the  term  is  not 
synonymous  with  the  physically  strong,  or  the  wealthy;  many  of  these 
are  most  unfit.  Equally  clear  is  it  that  the  fit  do  not  include  those 
afflicted  with  serious  hereditary  disease,  the  dishonest,  the  vicious,  the 
intemperate,  the  indolent,  the  good-for-nothing.    "If  any  will  not  work. 
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licit  her  let  him  oat,''  says  the  Apostle.  Those  that  will  not  work  should 
starve,  in  other  words.  He  adds:  "For  we  hear  of  some  that  walk 
amongr  you  disdrderly,  that  work  not  at  all,  but  are  busybodies."  May 
it  not  be  that  tlie  true  main-spring:  of  progress  and  prosperity  is  an 
enlightened  selfishness — a  selfishness  which  leads  the  individual  to 
seek  as  his  paramount  object  his  own  g-ood,  subject  only  to  one  limita- 
tion, that  no  injury  should  be  done  to  any  one  else — that  not  self- 
sacrifice,  but  only  a  scrupulous  regard  for  the  rights  of  others,  is  the 
condition  of   race  progress? 

And  now  you  may  very  likely  have  asked,  what  has  all  this  to  do 
with  engineering,  or  with  the  engineering  profession;  what  is  the  ap- 
propriateness of  a  discussion  of  social  conditions  before  a  society  of  en- 
gineers? My  answer  is  that  the  engineer  is  primarily  a  member  of  the 
social  body;  that  its  problems  are  his  problems;  and  that  he  cannot 
avoid  the  responsibility  of  taking  a  share  in  their  solution.  The  prob- 
lem of  the  Twentieth  Century,  it  seems  to  me,  will  be  pre-eminently  a 
social  in'(il)lem,  and  upon  its  solution  will  depend  the  happiness  of 
niankind  for  years  to  come.  Moreover,  this  social  problem  is  largely, 
as  I  have  shown,  the  outcome  of  the  work  of  the  engineer  who,  as  the 
advance  agent  of  civilization,  has  been  the  main  factor  in  creating  the 
conditions  which  give  birth  to  this  problem.  It  will  be  evident,  there- 
fore, that  I  differ  from  one  of  my  predecessors  who,  in  his  annual  ad- 
dress, intimated  that  social  problems  were  out  of  the  province  of  the 
enginef^r  and  tliat  he  should  not  meddle  with  them.  On  the  other 
hand,  I  maintain  that  it  is  his  duty  to  exert  himself  in  their  solution. 
Moreover,  I  consider  this  duty  the  more  necessary  because  I  believe 
the  engineer  to  be  well  fitted — possibly  better  fitted  than  any  one  else — 
to  solve  these  problems  wisely.  Let  me  briefly  give  you  my  reasons 
for  this  opinion. 

The  engineer  is  by  training  a  scientific  man.  If  his  education  is 
what  I  conceive  it  shoidd  be,  and  what  it  will  be  more  and  more  in 
the  future,  it  will  consist  of  a  training  in  mathematics,  logic,  science, 
and  in  the  technical  branches  of  his  profession,  together  with  a  suf- 
ficient amount  of  study  of  the  humanities — history,  economics,  lan- 
guage, literature — to  give  him  a  clear  view  of  the  relations  of  things. 
He  will  be  pre-eminently  by  training  a  scientific  man,  but  with  a 
power  of  understanding  and  gTasping  social  questions.  Now,  a  scien- 
tific training  has  this  great  virtue,  tliat  its  end  and  aim  is  constantly 
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the  discovery  of  the  truth.  The  truth  for  its  own  sake,  independent  of 
everything  else,  is  the  object  of  the  scientific  man  and  therefore  of  the 
engineer.  In  this  respect,  it  is,  in  my  opinion,  the  noblest  as  well  as 
the  most  widely  useful  of  the  professions.  The  lawyer  is  not  always 
concerned  in  arriving  at  the  truth;  he  is  too  frequently  tempted  to 
make  the  worse  appear  the  better  reason.  As  one  of  that  profession 
has  expressed  it,  his  object  is  not  to  get  at  the  truth  but  to  win  cases. 
He  is  constantly  under  the  temptation  to  pervert  the  truth,  or  to  sup- 
press it,  if  the  exigencies  of  his  case  demand. 

Furthermore,  the  engineer  is  exposed  to  a  very  direct  personal  re- 
sponsibility which  cannot  but  steady  his  character  and  increase  his 
self-reliance  and  self-control.  Though  he  does  not  always  receive  the 
credit  of  his  successes,  he  cannot  succeed  in  throwing  the  responsibility 
for  his  failures  upon  others.  If  a  lawyer  loses  his  case,  as  Mr.  Choate 
once  remarked,  it  is  never  his  fault ;  he  can  always  charge  it  to  the 
prejudice  of  the  judge,  or  the  ignorance  of  the  jury,  or  the  untruth- 
fulness of  witnesses.  He  goes  on  and  obtains  new  clients  and  new 
fame.  If  the  doctor  loses  his  patient,  it  is  never  his  fault ;  he  can 
always  charge  it  to  the  disobedience  or  delay  of  the  patient,  or  main- 
tain that  a  cure  was  impossible.  But  if  an  engineer  builds  a  structure 
which  fails  or  a  machine  which  will  not  work,  the  responsibility  is  his 
and  he  is  held  accountable. 

Again,  the  engineer  is  a  business  man.  for  engineering  is  business 
and  business  is  engineering;  he  deals  with  men,  he  has  to  do  with 
financial  affairs,  he  learns  the  characteristics  of  human  nature,  and 
his  training,  therefore,  tends  to  teach  him  tact,  moderation,  conserva- 
tism, and  the  value  of  experience. 

Of  course,  any  sweeping  eulogy  or  disparagement  of  any  class  of 
men  cannot  be  truthfully  made.  Engineers  will  differ  on  questions  of 
opinion,  as  other  men  will.  There  are  dishonest,  untruthful,  unreliable 
engineers,  as  there  are  men  of  this  tyi^e  in  every  class.  No  doubt  the 
ranks  of  our  Society  include  men  who  will  widely  disagree  on 
the  questions  which  I  have  discussed ;  men  who  will  hold  extreme  views 
in  one  direction  or  in  the  other;  men  who  will  be  dogmatic,  intem- 
perate in  language  and  in  thought,  inaccurate  in  reasoning,  insincere 
in  opinion.  No  class  of  men  has  a  monopoly  of  virtue  or  of  error. 
Neither  are  these  excesses  confined  to  men  of  weak  minds  or  deficient 
training.     As  Lecky  says: 
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"Strang'o  veins  of  insanity  and  capacities  for  enthusiastic  folly  some- 
times flaw  the  strongest  brains,  and  the  impetuous  ebullitions  of  youth 
wiiicli  impel  some  men  into  extravagances  of  vice,  develop  in  other 
I'.aturos  into  not  less  wild  extravagances  of  thought." 

Xeverthelegs,  on  the  whole,  if  there  is  anything  in  training  and 
experience,  may  we  not  believe  tliat  engineers,  as  a  class,  have  the 
training,  te'inper,  and  experience  whicli  will  best  enable  men  to  judge 
sanely  and  solve  wisely  the  social  problems  which  confront  ^is? 

What,  then,  may  the  engineer  do  to  aid  in  the  solution  of  the 
social  problems  of  the  Twentieth  (.'entury? 

In  the  first  place,  he  should  consider  it  his  duty  not  to  retire  into 
the  technical  recesses  of  his  professional  work  and  content  himself 
with  l)eing  the  servant  of  other  men,  but  should  actively  exert  him- 
self and  take  the  initiative  in  the  great  problems  of  the  day.  He  will 
find  that  many  of  these  problems  in  their  details  are  largely  of  an 
engineering  character. 

What,  for  instance,  is  involved  in  the  problem  of  administering  the 
affairs  of  a  great  city?  Do  they  not  involve,  in  the  main,  the  preserva- 
tion of  the  health,  safety,  property,  and  order  of  the  community?  and 
are  they  not,  therefore,  predominantly  of  an  engineering  character? 
Financial  and  legal  questions  of  great  importance,  of  course,  are  in- 
cluded, but  why  should  the  engineering  problems  be  considered  second- 
ary to  these?  Engineers  can  employ  financiers  and  lawyers,  as  well 
as  be  employed  by  the  latter.  I  see  no  reason  why  the  position  of 
mayor  of  a  city  could  not  be  filled  at  least  as  satisfactorily  by  an  engi- 
neer with  proper  breadth  of  view,  training,  and  experience,  as  by  a 
man  of  any  other  profession.  Yet  T  doubt  if  the  mayor  of  any  large 
city  in  the  United  States  is  or  has  been  an  engineer. 

The  same  holds  true  of  other  administrative  positions.  The  man- 
agement of  our  great  corporations  involves  problems  largely  of  an 
engineering  nature,  and  high  admiuistrative  positions  in  these  con- 
cerns are  being  more  and  more  given  to  engineers.  Even  such  a 
position  as  that  of  president  of  a  rei)idilic  is  not  one  which  the  engineer 
should  necessarily  consider  himself  excluded  from.  Why  is  he  not 
as  well  qualified  to  fill  it  as  a  soldier,  a  lawyer,  or  a  college  jirofessor, 
provided  his  training  and  experience,  judgment  and  breadth  of  view 
warrant?  Two  of  our  greatest  presidents,  Washington  and  Lincoln, 
though  not  engineers,  did  have  some  little  practice  in  what  was  then 
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termed   engineering,   and   one  president   of   the   French   Republic   has 
been  a  professional  government  engineer. 

There  is  perhaps  a  tendency  to-day  toward  better  recognizing  the 
qualifications  of  the  engineer  in  the  administration  of  municipalities 
and  larger  political  units.  The  position  of  commissic^ner  of  public 
works  in  a  city  is  perhaps  the  most  important  municipal  position  next 
to  that  of  mayor.  Formerly,  this  position  was  monopolized  in  most 
cities  by  men  who  were  mere  politicians.  Nowadays,  it  is  quite  com- 
mon to  appoint  engineers  to  such  posts.  In  Boston,  Philadelphia, 
Cincinnati,  and  very  likely  other  cities,  these  positions  are  now  held 
by  trained  and  educated  engineers,  and  this  recognition  I  consider 
significant  and  deserved.  Engineers,  however,  will  not  and  should  not 
be  recognized  in  this  way  unless  they  are  as  individuals  equal  to  the 
responsibilities  involved,  unless  they  show  their  interest  in  public 
questions,  unless  they  inform  themselves  about  them,  unless  they  study 
the  economic  and  social,  as  well  as  the  engineering  problems  involved, 
and  unless  they  assert  themselves  before  the  public.  This  I  trust  they 
will  do  more  and  more  as  years  go  by. 

"The  fault,  dear  Brutus,  is  not  in  our  stars. 
But   in   ourselves,   that   we   are   underlings." 

A  question  which  is  much  before  us  at  the  present  day  is  that  of 
conservation.  Conservation,  as  I  understand  it,  consists  in  a  wise 
economy  and  proper  use  of  the  materials  and  resources  that  are  afforded 
us  by  Nature.  It  is  essentially  the  avoidance  of  waste:  it  does  not 
mean  that  natural  resources  shall  be  withdrawn  from  use,  but  that  they 
shall  be  used  wisely  and  economically.  It  does  not  mean  that  the 
present  generation  shall  suffer  for  the  benefit  of  future  generations, 
but  that  the  present  generation  shall  not  roh  future  generations.  Now. 
the  technical  problem  of  the  avoidance  of  waste  and  the  proper  use  of 
natural  resources  is  a  problem  already  solved.  Applied  scientists  can 
tell  just  what  to  do  and  how  to  do  it.  They  know  how  to  utilize  the 
power  of  falling  water  and  how  to. transmit  it;  they  know  how 
to  utilize  coal  most  economically,  they  know  how  to  utilize  forest 
products  without  vs'aste,  how  to  prevent  the  erosion  of  the  soil,  how  to 
conserve  health.  The  unsolved  problem  of  conservation — the  problem 
which  now  concerns  us  most — is  not  an  engineering  problein,  but  a 
social  one.  It  is  to  alter  the  public  state  of  mind,  to  make  people 
thrifty   and   economical   instead   of   extravagant    and   v/asteful.      It    is 
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rluis  an  attiruto  of  niiiul  that  wc  liavo  to  deal  with.  Tf  the  attitude 
of  mind  of  tlic  public  idwaid  this  problem  could  be  made  the  correct 
one,  if  the  individual  man  could  be  made  thrifty,  frugal,  careful, 
thoughtful  of  the  future,  the  problem  of  conservation  would  be  solved. 
Why  should  not  applied  scientists,  who  know  how  to  solve  the  prob- 
lem technically,  lead  in  educating  the  people  to  perceive  the  necessity 
for  its  solution^  Should  not  mere  self-interest,  not  to  speak  of  public 
spirit,  promiJt  us  to  do  ihis? 

In  education,  too,  where,  as  1  view  it,  the  tendencies  I  have  re- 
ferred to  ai'e  plainly  evident,  we  may  as  a  profession  exert  a  good  in- 
fluence. I  have  often  expressed  the  opinion  that  an  engineering  educa- 
tion is  the  best  possible  education  for  any  vocation,  because  it  combines, 
or  should  combine,  in  the  best  proportions,  the  study  of  abstract  rela- 
tions with  that  of  natural  science  and  of  the  humanities.  These,  com- 
bined with  training  and  experience  in  the  profession  itself,  should 
make  the  engineer  as  well  educated  as  any  class  of  men.  He  should 
be  sane  and  sensible,  not  likely  to  be  carried  away  by  fallacious 
economic  theories;  conservative,  and  yet  safely  progressive.  Engineers, 
T  think,  should  exert  more  influence  than  they  do  in  education,  by 
actively  interesting  themselves  in  it,  serving  on  school  committees,  and 
insisting  on  the  maintenance  of  rigorous  discipline  and  the  scientific 
method.  Above  all,  they  should  aid  in  maintaining  the  standard  of 
engineering  education,  and  prevent  it  from  sttccnmbing  to  the  prevail- 
ing tendency  to  relaxation  of  discipline.  The  best  students  do  not 
really  seek  such  relaxation;  and  schools  which  make  students  work 
hard  and  which  insis't  on  a  high  standard  of  accomplishment,  will 
attract  strong  men.  The  tendency  of  the  times  shows  this,  and  proves 
that  one  movement  to-day  is  toward  utilitarian  and  vocational  train- 
ing. Some  of  the  tendencies  I  have  referred  to  may  be  in  large  meas- 
ure only  surface  currents,  and  a  strong  undercurrent  may  perhaps  be 
generated  in  another  direction  if  the  proper  means  are  used.  This  is 
indicated  by  the  growth  of  the  engineering  departments  of  our  State 
universities  within  the  last  thirty  years,  and  by  the  surprising  develop- 
ment of  such  a  school  as  the  Massachusetts  Institute  of  Technology 
from  its  first  small  beginnings  to  its  position  of  recognized  le^tdership 
in  less  than  one-third  of  a  century.  Let  us  make  the  engineering 
schools  the  place  of  refuge  for  those  who  are  opposed  to  the  relax- 
ation of  discipline  which  prevails  so  largely  elsewhere. 
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Finally,  let  us  inquire  what  this  Society,  representing  the  Engineer- 
ing Profession,  may  do  in  the  directions  which  have  been  suggested. 
We  have  been  criticized  in  the  past  as  being  inactive,  as  taking  no 
l)art  as  a  Society  in  large  public  questions.  I  must  frankly  confess 
that  tlie  criticism  has  seemed  to  me  in  some  measure  deserved.  Our 
Society  is  large,  rich,  influential,  but  we  have  been  too  content  to  sit 
down  in  dignified  ease,  taking  little  or  no  initiative,  and  allowing  other 
and  younger  societies  to  outstrip  us  in  actual  work  performed  and  in 
real  influence  exercised.  We  have  had  some  committees  which  have 
done  good  work  in  unifying  i^ractice  in  relation  to  technical  matters. 
In  these  respects,  however,  we  have  been  far  surpassed  by  two  or 
three  of  the  newer  societies,  whose  committees,  after  long  and  con- 
scientious labor,  have  exercised  far  greater  influence  that  we  have  in 
the  solution  of  even  professional  problems.  It  is  true  that  this  is 
largely  due  to  the  fact  that  those  societies  are  more  specialized  than 
ours,  that  they  are  composed  of  men  all  engaged  in  one  line  of  work, 
who  eoulil  co-operate  and  lay  down  the  results  of  experiment,  expe- 
rience, and  opinion  more  easily  than  we  could.  This  Society,  however, 
is  the  American  Society  of  Civil  Engineers,  and  includes  engineers  in 
all  branches  and  from  all  sections  of  the  country.  Thei-e  is  no  reason 
why  the  engineers  in  the  different  branches  should  not  associate  them- 
selves together  in  sections,  or  why  we  could  not  do  more  committee 
work  along  the  various  engineering  lines  than  we  have  done  in  the  past. 
I  believe,  therefore,  that  we  should  favor  the  establishment  of 
bra.nches  of  the  Society  in  various  parts  of  the  country,  and  of  student 
branches  in  the  several  technical  schools;  and  that  we  should  urge 
our  committees  to  activity,  supply  them  with  funds,  and  pei-haps  pay 
the  mileage  of  members  who  attend  meetings.  The  Society  is  rich, 
and  it  is  not  a  philanthropic  institution.  If  members  give  their  time 
to  committee  work,  I  see  no  reason  why  they  should  be  expected  to 
give  money,  and  the  expense  of  attending  many  meetings  may  not 
seldom  be  considerable. 

Moreover,  we  have  been  very  loath  to  take  any  steps  in  formulating 
answers  to  questions  which  are  largely  matters  of  opinion ;  and  we 
have  done,  thus  far,  little  or  nothing  to  influence  public  opinion  in 
regard  to  questions  of  the  day.  I  believe  that  we  could  and  should 
go  much  farther  in  these  directions;  that  we  should  step  forward,  take 
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the   iuitintive,   and   become   a    moving-  force   in   the   connnunity.     Let 
mo  make  some  more  definite  sug-gestions. 

In  tlie  first  idace,  I  believe  we  should  have  a  standing  Committee  on 
Public  Ivelations,  its  province  being  to  keep  track  of  all  iniblic  affairs 
involving  engineering  questions  directly  or  indirectly,  in  all  the  States 
in  the  Union,  and  to  take  svich  action  as  may  be  deemed  desirable  to 
insure  a  wise  treatment  of  such  questions.  This  committee  might  per- 
haps consist  of  the  President  and  Secretary  of  the  Society  ex  officio, 
of  a  certain  number  of  members  of  the  Board  of  Direction  to  be  ap- 
pointed each  year  by  the  President,  and  of  a  certain  number  of  mem- 
bers of  the  Society  not  members  of  the  Board  of  Direction,  to  be  nomi- 
nated by  the  Board  of  Direction.  These  outside  members  might  be 
in  considerable  number,  perhaps  one  or  more  from  each  State,  or 
group  of  States,  so  that  the  committee  could  keep  in  touch  with  public 
affairs  affecting  the  profession  in  all  parts  of  the  Union. 

Further,  our  Committee  on  Engineering  Education  should,  in  my 
opinion,  be  enlarged,  supplied  with  funds,  and  encouraged  to  active 
and  exhaustive  work.  If  we  could  lay  down  the  principles  which  we 
believe  should  govern  in  engineering  education,  the  general  curriculum 
which  should  be  adopted,  the  proportion  of  the  humanities  which  should 
be  included,  and  similar  matters,  we  might,  I  believe,  do  much  good, 
and,  while  still  leaving  ample  room  for  individual  initiative  and 
divergencies  in  practice  in  different  institutions,  render  effective  aid 
to  those  teachers  who  are  striving  to  resist  some  prevailing  tendencies. 

In  the  next  place,  I  believe  it  will  be  wise  to  have  more  committees 
of  the  Society,  dealing  with  specific  problems,  tjian  we  have  had  in 
the  past.  You  have  before  you  at  this  meeting,  I  am  glad  to  state, 
a  report  from  the  Board  of  Direction  stating  that,  as  provided  in  the 
Constitution,  it  has  voted  to  appoint  two  Special  Committees,  to 
deal  respectively  with  the  Regulation  of  Streams  and  with  Uniform 
Water  Legislation.  I  believe  that  still  other  committees  could  be  ap- 
pointed to  advantage.  We  have  no  reason  to  be  afraid  of  having  too 
many  committees.  We  should,  rather,  be  sure  that  we  lose  no  op- 
l)()rtuiiity  to  exercise  legitimate  influence  on  ])ublic  opinion  or  to  aid 
in  the  solution  of  large  problems.  We  might  well,  I  believe,  have  a 
standing  committee  on  conservation,  perhaps  another  on  corporation 
legislation,  another  on  the  history  of  American  engineering.  Let  us 
give  our  earnest  attention  to  this  matter,   and  let   us  not  hesitate  to 
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suggest  any  and  every  means  that  may  occur  to  us  to  promote  tlie 
welfare  of  the  Society,  of  the  profession,  and  of  the  public.  The  Board 
of  Direction  will  be  always  ready,  I  am  sure,  to  act  promptly  with 
any  members  of  the  Society  who  can  show  a  proper  field  for  legiti- 
mate action. 

Reviewing  then,  tlie  points  which  I  have  brought  to  your  attention, 
I  have  endeavored  to  show  that  the  problem  of  the  times  is  pre-eminently 
a  social  problem.  I  have  outlined  some  of  the  tendencies  of  the  day, 
as  they  appear  to  me.  I  have  given  the  reasons  for  my  belief  that  it 
is  the  duty  of  engineers  to  aid  in  the  solution  of  these  problems,  and 
that  by  training  and  experience  they  are  well  qualified  to  do  so.  If 
my  tone  has  appeared  to  indicate  a  pessimistic  attitude  toward  the 
tendencies  of  the  day,  I  fear  I  must  plead  guilty  in  some  degree  to 
the  imputation;  whether  wisely  or  not,  as  the  years  have  gone  by, 
I  ha.ve  growai  more  conservative,  and  I  find  myself  having  little  sym- 
pathy with  many  of  the  tendencies  which  I  seem  to  see  about  me. 
I  believe  that  this  age  will  be  looked  upon  by  future  generations,  not 
as  an  age  of  progress,  except  in  some  material  things,  but  more  dis- 
tinctively as  an  age  of  deterioration,  an  age  of  fads,  frivolities,  fancies, 
and  follies;  of  much  reading  and  little  thought;  an  ago  of  impulse 
rather  than  an  age  of  reason.  I  am  not  alone,  however,  in  a  feeling 
of  dissatisfaction.  M.  P.  Leroy-Beaulieu,  writing  in  1890,  and  referring 
--to  conditions  in  France,  expressed  himself  as  follows: 

"Every  age  is  characterized  by  its  particular  craze.  The  present 
craze  is  for  education,  unlimited  and  injudicious,  and  for  philanthropy 
equally  unlimited  and  injudicious,  both  absolutely  superficial.  By 
their  aid  we  have  succeeded  in  producing  a  mental  condition  and  in 
creating  certain  social  circumstances  which  are  most  unfavourable  to 
the  growth  of  the  population." 

However,  after  all,  it  is  only  an  epoch  in  the  histoiy  of  man.  It 
will  pass  away,  and  others  will  solve  the  problems  that  we  leave  to 
them.  Progress  is  not  always  continuous;  there  are  waves,  reactions, 
times  of  apparent  retrogression.  May  we  only  do  our  part,  as  mem- 
bers of  one  of  the  greatest  professions,  to  help  direct  the  tendencies 
of  our  day  in  such  manner  that  our  successors  may  look  back  upon 
us  with  approval  and  not  with  blame,  and  that  we  may  aid  to  the 
utmost  in  forwarding  the  true  progress  of  mankind. 
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p.  147  (Feb.,  1912).  (Review  and  discu.'sion  of  the  more  prominent  methods 
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public  utilities.) 

Abstract.      Electric  Railica!/  Journal,  v.   ?,S.,   p.    1115    (Nov.   25,   1911). 

GOING  VALUE  AS  AN  ELEMENT  IN  THE  APPRAISAL  OF  PUBLIC  UTILITY  PROP- 

erties  ;    by    William    H.    Bryan.       Journal.   Association  of   Engineering   Societies, 
V.    43.    p.    147    (Oct.,    1909).        (Discusses    intangible  values   in    appraisement   of 
public   utility   plants  ;   eleven  pages.) 
Abstract.     En<iiincerin<j-Coutriictiu(i.    v.    32,    p.    549    (Dec.    22,    1909). 

GOING  VALUE  OF  PUBLIC  UTILITIES.  (Editorial.)  Electrical  M'orld,  v.  57.  p. 
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HANDBOOK  OF  COST  DATA  FOR  CONTRACTORS  AND  ENGINEERS;  by  Halbert 
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THE  IMPORTANCE  OF  DEPRECIATION  ALLOWANCES.  (Editorial.)  Engineer- 
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INCOME  TAX  AND  DEPRECIATION.  Municii)al  Journal  (London),  v.  16,  p.  744 
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INVENTORY  VALUATION  OF  MACHINERY  PLANT;  by  Oberlin  Smith.  Transac- 
tion.^. American  Society  of  Mechanical  Engineers,  v.  7,  p.  433  (1886).  (Cost, 
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THE    JUST    VALUE   OF    MONOPOLIES,    AND    THE    REGULATION    OF    THE   IPRICES 
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Plants.  (Letter)  :  by  F.  C.  Finkle.  Enainccriiui-Contractinn.  v.  34.  p. 
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depreciation  of  public  properties;   contains  table;   two   pages.) 

OBSOLESCENCE  AND  DECREPITUDE  AS  FACTORS  IN  DEPRECIATION.  Munici- 
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(This  article  has  the  following  sub-divisions:  Value  of  property;  tax  value; 
insurance  value;  fair  cash  value;  commercial  value;  depreciation;  capitaliza- 
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uel S.  Wyer.  Sears  &  Simpson  Co.,  Columbus,  Ohio,  1913.  (Contaius  selected 
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REPAIRS,  RENEWALS.  DETERIORATION  AND  DEPRECIATION  OF  WORKSHOP 
Plant  and  Machinery  :  by  .James  K.  Parbishire.  Pi-ncccdiiif/s.  Institution  of 
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♦REPORT  ON  LEADING  RAILROAD  AND  PUBLIC  SERVICE  COMMISSIONS;  by 
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organization  and  work  of  railroad  commissions  in  Oregon,  Washington,  Ne- 
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THE  SALES  METHOD  OF  APPRAISING  REAL  ESTATE.  Enpinecrinf/  and  Con- 
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THE  SALES  METHOD,  THE  EXPERT  WITNESS  METHOD  AND  THE  CAPITAL- 
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Worl'l,  v.  57,  p.  221  (Jan.  26,  1911).  (Paper  by  Edwin  S.  Mack  presented  to 
the  convention  of  the  Wisconsin  Electrical  Association  ;  discusses  actual  total 
investment,  cost  of  going  value  and  good   will.) 
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as  Covered  by  Recent  Legislation  ;  by  Robert  B.  Rifenberick.  Electric  Rail- 
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1911).      (Seventeen   pages.) 
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VALUATION  OF  PUBLIC  SERVICE  CORPORATIONS,  LEGAL  AND  ECONOMIC 
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for  Governmental  purposes  by  official  appraisers,  commissions  or  courts  ;  de- 
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VALUATION  OF  PUBLIC  SERVICE  PROPERTIES;  by  L.  R.  Nash.  Stone  and 
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Journal  and  Engineer,  v.  23,  p.  698  (Dec.  18,  1907).  (Table  of  estimated 
life    of    apparatus,    depreciation    due    to    wear,    obsolescence    and    inadequacy.) 

ELECTRICAL  UNDERTAKINGS  AND  THE  LAW  OF  RATING.  (Serial.)  Electrical 
Rcviexo  (London),  v.  66,  p.  84  (Jan.  21,  1910).  (The  first  part  discusses 
the  rating  of  electric  light  and  power  companies.) 
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ELECIRIC  LIGHT   AND   POWER — GENERAL — iCoutinued). 
ELEMENTS    AFFECTING    THE    FAIR    VALL  A1  ION    OF    PLANT    AND    PROPERTY; 

by  VV.  K.  Wells.  National  Eleftric  Light  Association,  Thirty-fourth  Conven- 
tion, 1911,  Papers,  Reports  and  Discussions,  v.  1,  p.  271.  (Analysis  of 
valuation    classification    of    electrical    properties.) 

ESTIMATING  THE  COST  OF  AN  ELECTRIC  PLANT.  Journal,  Franklin  Institute, 
V.  1«5,  p.  ^^^:  (May.  lllos).  (Gives  years  of  life  as  estimated  by  different 
engineers   for   various   parts   of   the   plant.)  ' 

MAKING  RATES  FOR  ELECTRIC  PLANTS;  by  Halford  Erickson.  Public  Service 
Rcijuhitivn,  V.  1,  I).  571)  (Sept.,  1912).  (Principles  of  valuation;  going 
value,    depreciation,    operating   expenses,    rates,    effect   of    demand   on    cost,    etc.) 

THE  OBSOLESCENCE  OF  ELECTRIC  LIGHTING  PLANT;  by  F.  Fernie.  Electrical 
lirvirir  (London),  v.  US,  p.  51<;  (Sept.  2.j,  1908).  (Discusses  rate  of  depre- 
ciation   and   necessity    for    an    insurance    fund.) 

RATE-MAKING  FOR  PUBLIC  UTILITIES;  by  Halford  Erickson.  Electric  Railway 
Journal,  v.  33,  p.  775  (April  24,  1909).  (Relation  between  investment  and 
output  of  electrical  plants  ;  paper  read  before  the  Wisconsin  Electric  and 
Interurban    Railway   Association.) 

RATE  REGULATION  OF  ELECTRIC  POWER;  by  S.  S.  Wyer.  Cassiei-'s  Magazine, 
v.   .",5,    p.    4J(i    (Jan.,    1909).      (Considers   replacement   value   and   depreciation.) 

RATES  .AND  R.ATE  MAKING;  by  John  F.  Druar.  Journal.  Association  of  Engineer- 
ing Societies,  v.  50,  p.  221  (May,  1913).  (Discusses  the  valuation  of  a 
combined  electrical  and  gas  property  to  determine  the  legitimate  capital, 
on   which   capital    a   certain   return   should    be    received.) 

STANDARD  HANDBOOK  FOR  ELECTRICAL  ENGINEERS,  p.  668.  Edition  3. 
McGraw-Hill  Book  Co.,  New  York,  1910.  (Contains  brief  data  on  cost  and 
depreciation   of  electric  plants.) 

UNIFORM  SYSTEM  OF  ACCOUNTING.  (Letter)  ;  by  F.  E.  Haskell.  Electrical 
WUrld.  v.  5o,  p.  928  (April  15,  1909).  (Rule  adopted  to  provide  for  monthly 
charge  to  cover  wear   and  tear,   obsolescence  and   inadequacy,   etc.) 

UPKEEP  CHARGES  ON  LARGE  ELECTRIC  GENERATING  SETS;  by  Robert  J. 
Burstall.  Electrical  Euijinccr  (London),  v.  39,  p.  866  (June  21,  1907). 
(Paper  read  before  the  Engineering  Conference,  Institution  of  Civil  EJngineers  ; 
allowance  for  repairs   and  renewals.) 

Enoincei-inrj,  v.  83,  p.   834    (June  21,   1907). 

VALUATION  OF  ELECTRIC  PLANTS.  (Editorial.)  Engineerinr;  Record,  v.  58, 
p.   365   (Oct.   3,   1908).      (One   and   one-half  columns.) 

ELECTRIC  LKIHT  AND  POWER— SPECIAL  CASES. 

Ahci'dccii.  Scotland. 

ABERDEEN    AND    DEPRECIATION.      Municipal    Journal     (London),    v.    12,    p.    943 

(Oct.    23,     1903).       (Comparison    of    allowance    for    depreciation    of    electrical 

plants  at  Aberdeen,  Glasgow,  and  Bolton.) 
Bcloit.   Wis. 
*CITY  OF   BELOIT  VS.  BELOIT  WATER,   GAS   AND  ELECTRIC  COMPANY;   Decided 

.Inly    17,    1911.      In   Opinions   and    Decisions   of   the   Railroad    Commission   of   the 

State    of    Wisconsin,    v.    7,    p.     216.       Madi.son,    Wis.,    1912.       (Details    of    the 

valuation   of   the   power  plant  and   going  value.) 

FIXING  NORMAL  OPERATING  COSTS;  by  Frank  A.  Newton.  Engineering  Record, 
V.  65,  p.  258  (March  9,  1912).  (Comments  on  the  decision  of  the  Wisconsin 
Railroad  Commission  in  the  case  of  the  City  of  Beloit  vfi.  Beloit  Water,  Gas 
&   Electric   Co.) 

Boonvillc,  X.   y. 

AMORTIZATION  RULE  OF  THE  NEW  YORK  PUBLIC  SERVICE  COMMISSION  OF 
the  Second  District.  Electrical  World,  v.  54,  p.  1162  (Nov.  11,  1909).  (Com- 
putation of  amortization  of  property  of  the  Board  of  Light  Commissioners  of 
Boonville.   N.   Y.) 

Bristol.   England. 

REPORT  BY  SIR  WILLIAM  PREESE  ON  PROBABLE  LIFE  OF  PLANT  AT  BRISTOL. 
Electrician,  v.  57,  p.  704  (Aug.  17,  1906).  (Details  of  estimated  life  of 
electrical  plants ;  figures  given  for  various  items  are  those  used  by  L.  R. 
Dicksee   In   his    report.) 

Editorial.     Depreciation.     Electrician,  v.  57,  p.  702   (Aug.   17,  1906). 

Burkhardt  Milling  &  Electric  Power  Co. 

*E.  G.  ROSS  ET  AL.  VS.  BURKHARDT  MILLING  AND  ELECTRIC  POWER  COM- 
pany  :  Decided  April  8,  1910.  In  Opinions  and  Decisions  of  the  Railroad  Com- 
mission of  the  State  of  Wisconsin,  v.  5,  p.  139.  Madison,  Wis..  1911.  (The 
value  of   property   and   the   method  of   determining  values   are   discussed.) 
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ELECTRIC    LIGHT    AND    POWER — SPECIAL    CASES— (Continued) . 

California. 

*UNIFORM     CLASSIFICATION     OF     ACCOUNTS     FOR     ELECTRIC     CORPORATIONS 

prescribed  by  the  Railroad  Commission  of  the  State  of  California  ;  Adopted 
Oct.   23,   1912,   Effective  Jan.    1,    1913.      Sacramento,   1012. 

Cardiff,  Wales. 

DEPRECIATION:     INTERESTING     REPORT     FROM     CARDIFF.       Municipal     Journal. 
(London),    v.    IG,    p.    1083    (Dec.    20,    1907).      (Allowance   for   depreciation   con- 
sidered  to    represent   fair   wear   and   tear.) 

DEPRECIATION     OF    CARDIFF     ELECTRIC    TRAMWAY     AND     LIGHTING     UNDER- 

takings.  Electric  Railway  Review,  v.  19,  p.  16  (Jan.  4,  190S).  (Details 
of   rates  of  depreciation   of   equipment   are   given.) 

Cashtnn.    Wis. 

*IN   RE  DETERMINING   AND   FIXING   JUST   COMPENSATION   TO    BE   PAID  TO  THE 

Cashton  Light  and  Power  Company  by  the  Village  of  Cashton  for  the  Taking 
of  the  Property  of  the  Said  Company  Actually  Used  and  Useful  for  the  Con- 
venience of  the  Public  in  Accordance  With  the  Provisions  of  Chapter  -199, 
Laws  of  1907;  Submitted  Oct.  14,  1908,  Decided  Nov.  28,  1908.  In  Opinions 
and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  3,  p.  67. 
Madison,   Wis.,   1910.      (Discusses  going  value  of  public  utility  plants.) 

Chippewa  Falls,   Wis. 

*T.  J.  CUNNINGHAM  ET  AL.  VS.  CHIPPEWA  FALLS  WATER  WORKS  AND 
Lighting  Company  ;  In  Re  Investigation  by  the  Railroad  Commission  of 
Wisconsin  of  Rates  Charged  by  the  Chippewa  Falls  Water  Works  and 
Lighting  Company  ;  In  Re  Valuation  of  the  Property  of  the  Chippewa  Falls 
Water  Works  and  Lighting  Company  :  Decided  June  14,  1910.  In  Opinions 
and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  .5, 
p.  302.  Madison,  Wis.,  1911.  (Contains  data  on  the  value  of  the  electric 
plant.) 

Chippciva  Vallci/  Ry.,  Light  d-  Poivcr  Co. 

*IN  RE  APPLICATION  OF  THE  CHIPPEWA  VALLEY  RAILWAY,  LIGHT  AND 
Power  Company  for  Authority  to  Change  its  Rates  ;  Submitted  Feb.  19,  1908, 
Decided  Mar.  18,  1908.  In  Opinions  and  Decisions  of  the  Railroad  Commission 
of  the  State  of  Wisconsin,  v.  2,  p.  311.  Madison,  Wis.,  1909.  (Refers  to 
valuation    of    electric    plant.) 

Darlington,  Wis. 

*IN  RE  APPLICATION  OF  THE  DARLINGTON  ELECTRIC  LIGHT  AND  WATER 
Power  Company  for  Power  to  Increase  Rates  ;  In  Re  Darlington  Electric  Light 
and  Water  Power  Company,  Valuation  of  Property;  Submitted  Sept.  2,  1909, 
Decided  June  17,  1910.  In  Opinions  and  Decisions  of  the  Railroad  Com- 
mission of  the  State  of  Wisconsin,  v.  5,  p.  397.     Madison,  Wis.,  1911. 

District  of  Columbia. 

^UNIFORM  SYSTEM  OF  ACCOUNTS  FOR  GAS  CORPORATIONS  AND  ELECTRIC 
Corporations  in  the  District  of  Columbia  as  Prescribed  by  the  Interstate  Com- 
merce Commission,  pp.  29,  47,  55,  67.  Washington,  1909.  (Provision  for 
amortization  of  plant,  which  includes  monthly  charges  of  the  amount  estimated 
to   be   necessary   to    cover   wear,    tear   and    obsolescence.) 

Dodgcville,   Wis. 

*CITY  OF  DODGEVILLE  VS.  DODGEVILLE  ELECTRIC  LIGHT  AND  POWER  COM= 
pany  ;  Submitted  May  4,  1908,  Decided  June  2,  1908.  In  Opinions  and  Deci- 
sions of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  2,  p.  392. 
Madison,  Wis.,   1909.      (Data  relating  to  valuation  of  plant.) 

Edinburgh,  Scotland. 

DEPRECIATION,  ETC.,  ON  ELECTRICITY  SUPPLY  UNDERTAKINGS.  Elcrtririan, 
V.  57,  pp.  231,  350  (May  25,  June  15,  1900).  (Report  on  present  condition 
of  electric  light  and  machinery  plant  of  the  Edinburgh  Corporation. ) 

Fareliam,  England. 

DEPRECIATION.  (Editorial.)  Electrician,  v.  62,  p.  709  (Feb.  19,  1909).  (Depre- 
ciation in  connection  with  a  loan  for  an  electrical  plant  at  Fareham,  England.) 

Greenwood,  Miss. 

REPORT  OF  THE  APPRAISERS  SELECTED  TO  ESTIMATE  THE  VALUE  OF 
property  of  the  Greenwood  Light  and  Water  Company  to  the  City  of  Green- 
wood and  the  Greenwood  Light  and  Water  Co.,  March  22,  1904.  Greenwood, 
Miss.,   1904.      (Eight  pages.) 

Groton.  Mass. 

A  VALUABLE  MUNICIPAL  RATE  DECISION.  (Editorial.)  Engineering  Record, 
v.  66.  p.  2  (July  6,  1912).  (Comments  on  dscision  by  the  Massachusetts  Gas 
and  Electric  Light  Commission  on  electrical  rates  at  Groton,  Mass;   very  brief.) 
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ELECTRIC    LIGHT    AND    POWER — SPECIAL    CASES — (Continued). 
Knukauma.    ^\'is. 

*IN    RE    DETERMINING    AND    FIXING    THE    JUST    COMPENSATION    TO    BE    PAID 

to  the  Kaukniima  Gas,  Klectrif  Light  and  Power  ("onipany  hy  the  Citv  of 
Kaukauina  :  Subinittrd  Feb.  6.  1911.  Decided  Dec.  2(i.  1911.  In  Opinions"  and 
neeision.s  of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  8,  p.  409. 
Madison.  Wis.,  1912.  (Physical  value  and  going  value  of  the  property  and 
value  of  the  water-power   lease.) 

La  Crosse.   Wis. 

*IN   RE  APPLICATION  OF  THE  LA   CROSSE  GAS  AND    ELECTRIC  COMPANY    FOR 

Authority  to  Increase  Its  Rates ;  Decided  Nov.  17,  1911.  In  Opinions  and 
Decisions  of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  8,  pp.  138, 
156,  170.  179,  202.  224.  Madi.son,  Wis.,  1912.  (Physical  value  of  plants, 
original    cost    and    effect   of    allowance    of    going   value.) 

*IN  RE  APPLICATION  OF  THE  LA  CROSSE  GAS  AND  ELECTRIC  COMPANY  FOR 

Authority  to  Increase  Rates  ;  Submitted  Aug.  16,  1907,  Decided  Sept.  19.  1907. 
In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wiscon- 
sin, v.  2.  p.  3.  Madison,  Wis.,  1909.  (Gives  method  of  estimating  cost  of 
plant   before   physical   examination   can    be   made.) 

=:=THE  MEANING  OF  "ACTUAL  STATION  OPERATING  COSTS."  Engineering  Record, 
V.  C5,  p.  191  (Feb.  17.  1912).  (Decision  of  the  Railroad  Commission  of 
Wisconsin   in   the  case  of  the   La    Crosse  Gas   &   Electric   Co.) 

Madison,   Wis. 

RATE  MAKING  FOR  PUBLIC  UTILITIES,  THE  MADISON  CASE;  by  Percy  H. 
Thomas.  Electric  Journal,  v.  7,  p.  560  (July,  1910).  (Diiscusses  the 
decision  of  the  Railroad  Commission  of  Wisconsin  in  the  case  of  the  State 
Journal  Printing  Co.  v.t.  the  Madison  Gas  &  Electric  Co.,  rendered  March  8, 
1910.) 

MauiiowoCj    Wis. 

*CITY  OF  MANITOWOC  VS.  MANITOWOC  ELECTRIC  LIGHT  COMPANY;  Sub- 
mitted Sept.  30.  1908,  Decided  June  14,  1910.  In  Opinions  and  Decisions  of 
the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  5,  p.  361.  Madison, 
Wis.,  1911.  (A  tentative  valuation  of  the  physical  property  of  the  respondent 
was  made :  the  income  accounts  and  operating  expenses  for  a  terra  of  years 
are  analy^sed.) 

Marinette,  Wis.     See  Menominee,  Wis. 

Marquette,  Mich. 

A  STUDY  IN  CENTRAL=STATION  FINANCES  AND  OPERATION  FROM  MARQUETTE, 

Mich.  Electrical  World,  v.  53,  p.  403  (Feb.  11,  1909).  (Gives  estimates  of 
depreciation  for  an  electric   light  and   power  plant.) 

Massachusetts. 

DISTRIBUTION  COSTS  IN  SEVEN  CENTRAL=STATION  SYSTEMS.  Electrical  Woruf! 
V.  52.  p.  1014  (Nov.  7,  1908).  (Figures  deduced  from  returns  to  the  Massa- 
chusetts  Board  of  Gas  and   Electric   Light  Commissioners.) 

Menominee,  Wis. 

*1N    RE   VALUATION   OF    ELECTRIC    LIGHT   PLANT  OF    MENOMINEE   AND    MARN 

nette  Light  and  Traction  Company;  In  Re  Application  of  Menominee  and 
Marinette  Light  and  Traction  Company  for  Authority  to  Equalize  Rates ; 
In  Re  Menominee  and  Marinette  Light  and  Traction  Company,  Inve.stigation 
of  Rates  on  Motion  of  the  Commission  ;  Decided  Aug.  3,  1909.  In  Opinions 
and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  3, 
p.  778.  Madison,  Wis.,  1910.  (Data  on  valuation  of  electric  light  and  power 
plant.) 

.Merrill   Ril.   <f-   Lifihtinn  Co. 

*IN  RE  APPLICATION  OF  THE  MERRILL  RAILWAY  AND  LIGHTING  COMPANY 
for  Authority  to  Change  Its  Rates  for  Electric  Lighting:  Submitted  Sept.  17, 
1907,  Decided  Dec.  10,  1907.  In  Opinions  and  Decisions  of  the  Railroad 
Commission  of  the  State  of  Wisconsin,  v.  2.  p.  148.  Madison,  Wis..  1909. 
(Di.scusses  value  of  the  "plant,  including  water  power  and  dam,  electric  light 
plant,  and  railway  plant.) 

M iinira})olis,   Minn. 

ELECTRIC  RATES  FOR  MINNEAPOLIS,  A  LONG  CONTROVERSY  OVER  BASING 
Rates  on  Expert  Analysis  or  Unreasonable  Comparisons  ;  by  William  G. 
Deacon.  Public  Service,  v.  5,  p.  107  (Oct.,  1908).  (Contains  very  brief 
data  on   valuation.) 

MINNEAPOLIS  LIGHT  AND  POWER  RATES.  Electrical  World,  v.  51,  p.  651 
(March  28,   1908).      (Brief  data  on   the  elements  of  cost  of  plant.) 
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ELECTRIC    LIGHT    AND    POWER — SPECIAL    CASES — (Continued). 

New   York   City. 

ACCOUNTING  FOR  DEPRECIATION;  by  H.  M.  Edwards.  Electric  Railway  Journal, 
V.    37,    p.    972    (June  3,    1911).      (Method    used   by   the   New   York   Edison    Co.) 

REGULATED  ELECTRIC  LIGHT  ACCOUNTING;  by  H.  M.  Edwards.  National  Electric 
Light  Association,  Thirty-fifth  Convention,  1912,  Papers,  Reports  and  Discus- 
sions, V.  4,  p.  106.  (On  the  uniform  system  of  accounts  for  electrical  cor- 
porations as  prescribed  by  the  Public  Service  Commission,  State  of  New 
York,  First  District,  and  the  petition  to  modify  it.) 

Abstract.      Electric  Railway  Journal,   v.   39,   p.   1029    (June   15,    1912). 

Neic   York  State. 

NEW  YORK  PUBLIC  SERVICE  COMMISSION  TENTATIVE  ACCOUNTS  FOR  ELEC- 
trical  and  Gas  Corporations.  Electric  Raihvay  Review,  v.  19,  p.  532  (May 
2,  1908).  (Classification  for  accounts  prepared  by  W.  J.  Meyers;  abstract 
of  some  features  of  the  system.) 

PETITION    FOR    CHANGES    IN    TREATMENT    OF    DEPRECIATION    IN    NEW    YORK. 

Electrical  M'orhl.  v.  58,  p.  1420  (Dec.  9,  1911).  (Petition  filed  by  various 
lighting  companies  with  New  York  Public  Service  Commission,  Second  Dis- 
trict ;  one  page.) 
STANDARD  ACCOUNTING  CONFERENCE.  Proijrcssive  Age,  v.  26,  p.  267  (May  1, 
1908).  (On  report  of  classification  of  accounts,  gas  and  electric  companies, 
by  the  Public   Service  Commission,   State  of   New   York,   Second   District.) 

*STATE  OF  NEW  YORK,  SECOND  ANNUAL  REPORT  OF  THE  PUBLIC  SERVICE 

Commission,  Second  District,  for  the  Year  Ending  Dec.  31.  1908  ;  v.  2.  Uni- 
form System  of  Accounts.  Albany,  1909.  (Classification  of  accounts  for 
street  railroads,  gas  and  electrical  corporations  ;  general  amortization  account, 
Including   amount   estimated   for   wear,   tear   and   obsolescence   of    plant.) 

Pacific    Gas   d-    Electric   Co. 

PACIFIC    GAS   RATE    VALUATION;   by    John    A.    Britton.      Progressive    Age,    v.    30, 

p.   330    (April    13.    1912).      (Includes   cost   of   electric   energy,   depreciation   and 

administration.) 

Pasadena,   Cal. 

PASADENA   MUNICIPAL   LIGHTING  PLANT.      Municipal  Engineering,   v.   44,   p.   505 

(June,    1913).       (Capitalization,     depreciation    allowance,    etc.,     in    relation    to 

rate  regulation.) 
Red    Cedar    Valley,   Wis. 
*IN   RE  APPLICATION   OF  THE   RED  CEDAR   VALLEY    ELECTRIC   COMPANY    FOR 

Authority    to    Increase    its    Rates ;    Decided    June    14,    1911.      In    Opinions    and 

Decisions  of  the  Railroad   Commission  of,  the  State  of  Wisconsin,   v.   6,   p.   717. 

Madison,    Wis..    1912.       (Contains    Company's    statement    of    the    value    of    the 

physical  property  of  the  plant.) 
Ripon,   Wis. 
*CITY  OF  RII>ON  VS.   RIPON   LIGHT   AND   WATER  COMPANY;    Decided  March   28, 

1910.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State 
of  Wisconsin,  v.  5,  p.  1.  Madison,  Wis.,  1911.  (Data  on  vaulation  of  the 
water,   light  and  electric  plants.) 

St.  Louis,  Mo. 

REPORT  OF  ST.  LOUIS  PUBLIC  SERVICE  COMMISSION  TO  THE  MUNICIPAL 
Assembly    of    St.    Louis    on    Rates    for    Electric    Light    and    Power.       St.    Louis, 

1911.  (Contains  description  of  methods  of  appraisal  of  the  property  of  the 
Union  Electric  Light  &  Power  Co.) 

San  Francisco,  Cal. 

UNIT  GENERATING  AND  DISTRIBUTION  COSTS  OF  THE  PACIFIC  GAS  &  ELEC= 
trie  Company  in  San  Francisco.  Electrical  Woi'ld,  v.  59,  p.  790  (April  13, 
1912). 

Shehoyrjan,  Wis. 

*CITY  OF  SHEBOYGAN  VS.  SHEBOYGAN  RAILWAY  AND  ELECTRIC  COMPANY; 
Submitted  Oct.  IS,  1910,  Decided  Feb.  3,  1911.  In  Opinions  and  Decisions  of 
the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  6,  p.  353.  Madison, 
Wis.,  1912.  (Company's  estimate  of  investment  and  annual  expenses  charge- 
able to  street  lighting.) 

Superior   Water,   Light  d   Power  Co. 

*ESTIMATING  THE  RATE  OF  "REASONABLE  RETURN"  FOR  A  PUBLIC  UTILITY. 
Engineering  and  Contracting,  v.  39,  p.  482  (April  30,  1913).  (Argument 
submitted  to  the  Wisconsin  Railroad  Commission,  for  the  Superior  Water. 
Light  &  Power  Co.,  giving  analysis  of  the  rate  of  fair  return  for  capital 
invested.) 
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ELECTRIC    LIGHT    AND    POWER— SPECIAL    CASES — (Continued). 

♦  PUBLIC  SERVICE  COMMISSION  NEWS.  Electrical  World,  v.  60,  p.  1136  (Nov. 
30,  1912).  (Basis  of  valuation  of  electric  plant  in  investigation  of  the  reve- 
nues of  the  Superior  Water,   Light  &  Power  Co.) 

Wakefield,  Mass. 

DEPRECIATION  OF  MUNICIPAL  LIGHTING  PLANTS.  (Editorial.)  Electrical 
h'cvicw  and  Western  Electrician,  v.  53,  p.  493  (Oct  3,  1908).  (Inadequacy 
of  allowance  for  depreciation  in  plant  at  Wakefield,  Mass.) 

Waupaca,   Mis. 

*IN    RE  JOINT    APPLICATION   OF   THE   WAUPACA    ELECTRIC   LIGHT   AND    RAIL- 

way  Company  and  the  City  of  Waupaca  to  the  Effect  that  the  Railroad  Com- 
mission Act  as  Arbitrator  in  Certain  Matters  Pertaining  to  Street  Lighting 
in  the  City  of  Waupaca  ;  Submitted  Dec.  15,  1910,  Decided  Feb.  21,  1912. 
In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wis- 
consin, V.  8,  p.  586.  Madison,  Wis.,  1912.  (Total  reproduction  cost,  present 
value  and  cost  of  operation  were  ascertained  and  apportioned  between  street 
lighting  and   all  other  service.) 

West  Ham,  England. 

IS  DEPRECIATION  AS  SUCH,  NEEDED?  (Editorial.)  Municipal  Journal  (Lon- 
don), v.  12,  p.  699  (July  31,  1903).  (Relates  to  West  Ham  Corporation 
electric  lighting  plant.) 

Wisconsin. 

♦ADJUSTMENT   OF   ELECTRIC    LIGHTING   RATE.     Power,   v.    35,    p.    498    (April    9, 

1912).  (Extracts  from  the  reports  of  the  Wisconsin  Railway  Commission 
regarding  the  influence  of  various  fixed  charges  upon  the  rates.) 

METHODS    OF    OBTAINING    COST    OF    ELECTRIC    LIGHTING    SERVICE    TO    CON- 

sumers  Based  on  Decisions  of  the  Wisconsin  Railroad  Commission.  Engineer- 
ing and  Co7itracting,  v.  37,  p.  48  (Jan.  10,  1912).      (Four  pages.) 

*UNIFORM     CLASSIFICATION    OF    ACCOUNTS    FOR    ELECTRIC     UTILITIES    PRE- 

scribed  by  the  Railroad  Commission  of  Wisconsin,  Dec,  1908.  Edition  3. 
Madison,  Wis.,  1912.  (Treats  of  tangible  and  intangible  property,  reserve 
accounts,    etc.) 

WISCONSIN  CLASSIFICATION  OF  ELECTRIC  ACCOUNTS.  Electrical  World,  v.  53, 
p.  503  (Feb.  25,  1909).  (Classification  prepared  by  the  Wisconsin  Railroad 
Commission.) 

Worcester,  Mass. 

THE   APPRAISAL   OF    STREET    LIGHTING    SERVICE.      Engineering   Record,   v.    66, 

p.    104    (July    27,    1912).       (Decision    by    the    Massachusetts    Gas    and    Electric 

Light   Commission    in   the   Worcester   street   lighting  case.) 

York,  England. 

DEPRECIATION  IN  ELECTRIC  LIGHTING.  (Editorial.)  Municipal  Journal  (Lon- 
don), V.   12,   p.   12    (Jan.   2,   1903).      (Policy  of  York  Corporation;   very  brief). 

GAS-WORKS— GENERAL. 

DEPRECIATION;    by    John    A.    Britton.      Progressive    Age,    v.    26,    p.    379    (June    15, 

1908).      (Depreciation  as  an  item  to  be  considered  in  fixing  gas  rates.) 
DEPRECIATION    ALLOWANCE    FOR    INCOME=TAX.       (Editorial.)       Joiirnal    of    Gas 

Lighting,   v.    108,    p.   517    (Nov.   23.    1909).      (Protest   against   action  of   Inland 

Revenue   authorities   on   depreciation   in   gas  plants.) 
DEPRECIATION:   AN  ITEM  IN  THE  MANUFACTURE  AND  SALE  OF  GAS;  by  Royal 

Schacklette.      American    Gas    Light    Journal,    v.    93,    p.    106     (July    8,    1910). 

(Considers  depreciation   in  the  various  parts  of  the  plant.) 
DEPRECIATION    AND    INCOME-TAX.      Journal    of    Gas    Lighting,    v.    118,    p.    886 

(June  18,   1912).      (Refers  to  depreciation  in  gas  plants.) 
DEPRECIATION   AND    INCOME-TAX,    THE    CASE   OF    MUNICIPAL    UNDERTAKINGS. 

Journal  of  r,Vi,s-  Lighting,  v.    121.    p.  4S    (Jan.   7,   1913).      (Methods  of  allowing 

for   depreciation    iii    gas",    water  and   electric   lighting  undertakings.) 

DEPRECIATION  AND  KINDRED  MATTERS;  by  Charles  H.  Armstrong.  Journal  of 
Gas  Lighting,  v.  102.  p.  223  (April  28,  1908).  (A  paper  read  at  a  meeting 
of  the  North  of  England  Gas  Managers'   Association.) 

DEPRECIATION  IN  GAS  PLANTS;  by  John  I.  Beggs.  American  Gas  Light  Journal, 
V.   89,   p.   5    (July   6.   1908).       (Address  before  the  Wisconsin  Gas  Association.) 

Maintenance    of    Plant ;    by    John    I.    Beggs.      Progressive    Age,   v.    26,    p.    427 

(July  15,   1908). 
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GAS  WORKS — GENERAL — (Continued). 
DEPRECIATION  IN  GAS  PLANTS;  by  R.  W.  Prosser.     American  Gas  Light  Journal, 
V.    76,    p.    767    (May    26,    1902).      (Gives   tables   of    life   of   apparatus   of   a   gas 
works  and   annual   charge   for   depreciation  ;   one  and  one-half   pages.) 

DEPRECIATION   IN  GAS  WORKS.     Progressive  Age,  v.   30,  p.   870    (Oct.   15,    1912). 

INAUGURAL  ADDRESS  OF  THE  PRESIDENT;  by  Alexander  Wilson.  Transactions, 
Institution  of  Gas  Engineers,  1911,  p.  51.  (Takes  up  the  question  of  depre- 
ciation;   four   pages.) 

Abstract.     Journal  of  Gas   Lighting,  v.   114,   p.   728    (June  13,    1911). 

THE  PRESENT  AND  GROWING  NEED  FOR  THE  GENERAL  ADOPTION  OF  A 

Uniform  System  of  Records  and  Accounts  ;  by  A.  C.  Humphreys.  Proceedings, 
New  England  Association  of  Gas  Engineers,   1907,  p.  146. 

RATES  AND  RATE  MAKING;  by  John  F.  Druar.  Journal,  Association  of  Engi- 
neering Societies,  v.  50,  p.  221  (May,  1913).  (Discusses  the  valuation  of  a 
combined  electrical  and  gas  property  for  determining  the  legitimate  capital, 
upon   which   capital   a   certain    return   should   be   received.) 

REASONABLE  GAS  RATES  AND  THEIR  DETERMINATION;  by  C.  L.  Cory.  Pro- 
gressive Age,  V.  30,  p.  964  (Nov.  15,  1912).  (Discusses  rates  of  return  and 
value  of  gas  plant.) 

REVIEW  OF  RECENT  DECISIONS  OF  PUBLIC  SERVICE  COMMISSIONS  WHICH 
Affect  Gas  Companies  ;  by  A.  E.  Porstall.  Proceedings,  American  Gas  Institute, 
V.  5,  p.  460  (1910).  (Discusses  methods  of  valuation  considering  physical 
value,    cost  of  reproduction,   depreciation,   etc.) 

American  Gas  Light  Journal,  v.  94,  p.   148    (Jan.  3,   1911). 

QAS=WORKS— SPECIAL  CASES. 

Baltimore,  Md.  ' 

STOCK  AND  FAIR  VALUE.  Public  Service  Regulation,  v.  1,  p.  550  (Aug.,  1912). 
(Baltimore   gas    and    electric    rate   hearing,    before    the    Maryland    Commission..) 

Beloit,   Wis. 

BELOIT  UTILITY  DECISION  BY  RAILROAD  COMMISSION  OF  WISCONSIN.  Ameri- 
can Gas  Liaht  Journal,  v.  95,  p.  162  (Sept.  11,  1911).  (Gives  estimate  in 
valuation   of  the  property  of  the  Beloit  Water,   Gas  &  Electric  Co.) 

*CITY  OF  BELOIT  VS.  BELOIT  WATER,  GAS  AND  ELECTRIC  COMPANY;  Decided 
July  19,  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  7,  p.  220.  Madison,  Wis.,  1912.  (Value  of  gas  plant 
is   given.) 

FIXING  NORMAL  OPERATING  COSTS;  by  Prank  A.  Newton.  Engineering  Record, 
V.  65,  p.  258  (March  9,  1912).  (Comments  on  the  decision  in  the  case  of  the 
City  of   Beloit  vs.    the   Beloit   Water,   Gas   &   Electric   Co.) 

Brooklyn,  N.   Y. 

PAVING  OVER  GAS  MAINS  AND  CAPITALIZATION  OF   PROFITABLE  CONTRACTS 

as  Elements  in  Rate  Making  :  Decision  of  the  New  York  Public  Service  Com- 
mission in  the  Kings  County  Lighting  Case.  Engineering  News,  v.  66,  p.  604 
(Nov.  16,  1911).  (Discusses  paving  over  mains  and  capitalization  of  con- 
tracts as  factors  in  the  valuation  of  the  property,  citing  Supreme  Court 
decisions.) 

*RE  MAYHEW  V.  KINGS  CO.  LIGHTING  CO.  (CASE  1273).  Reports  of  Decisiops 
of  the  Public  Service  Commission  for  the  First  District,  of  the  State  of  New 
York,  V.  2,  p.  659.  New  York,  1912.  (Details  of  valuation  of  property  of  the 
Kings    County    Lighting   Co.    and   methods    of    estimating    it.) 

Califo7iiia. 

PACIFIC  GAS  RATE  VALUATION;  by  John  A.  Britton.  Progressive  Age.  v.  30, 
p.  330  (April  15,  1912).  (Cost  of  gas  in  holder,  1911,  cost  of  gas  distribu- 
tion, cost  of  administration  and  depreciation,  and  cost  of  electric  energy, 
depreciation   and   admini>tration,   Pacitic   Gas  &  Electric   Co.) 

*UNIFORM     CLASSIFICATION     OF     ACCOUNTS     FOR     GAS     CORPORATIONS     PRE= 

scribed  by  the  Railroad  Commission  of  the  State  of  California  ;  Adopted  Oct'. 
23,  1912,  Effective,  Jan.  1,  1913.  Sacramento.  1912.  (Classification  of 
intangible  and  tangible  capital,  including  franchise,  patent  rights,  physical 
property,    etc.) 

Cedar  Rapids,  Iowa. 

FAIR  RATES  FOR  PUBLIC  SERVICE.  (Letter.)  Engineering  Record,  v.  59,  p.  699 
(May  29,  1909).  (Decision  of  Iowa  Supreme  Court  on  valuation  of  the  Cedar 
Rapids  Gas  Light  Co.) 
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GAS  WORKS — SPECIAL    CASES — (Continued). 
Chkaoo,  III. 
APPRAISAL    OP    GAS    PROPERTIES    IN    CHICAGO,    AND    INVESTIGATION    AS    TO 

Reasonable  Rates  for  Gas :  Valuation  of  Physical  Property  ;  by  William  J. 
Hagenali.  KntjinccriiKj  aytd  Vontractincj,  v.  35,  p.  572  (May  17,  1!)11). 
(Twelve  pages.) 

Editorial.      The    Chicago    Gas   Appraisal.      Engineering    and    Contracting,    v.    35, 

p.  557    (May  17,   1911).      (One  column.) 

INVESTIGATION   OF  THE   PEOPLES   GAS   LIGHT   AND   COKE  COMPANY   FOR   THE 

Council  Committee  on  Gas,  Oil  and  Electric  Light,  Chicago  ;  by  William  J. 
Hagenah.  Journal  of  the  Proceedings  of  the  Council  of  Chicago,  July  10, 
1911,  p.  S40.  (Gives  full  report  on  the  valuation  of  the  Company;  S9  pages.) 
PRICE  OF  GAS  IN  CHICAGO.  Journal  of  the  Proceedings  of  the  City  Council  of 
Chicago,  July  10,  1911,  p.  820.  (Report  of  Edward  W.  Bemis  commenting 
on  report  by  W.  J.  Hagenah.) 

Editorial.       Gas    Rates    in    Chicago.       Municipal    Engineering,    v.    41,     p.    206 

(Sept.,   1911). 

Chippewa  Falls,   Wis. 

*T.  J.  CUNNINGHAM  ET  AL.  VS.  CHIPPEWA  FALLS  WATER  WORKS  AND  LIGHT- 

ing  Company  :  In  Re  Investigation  by  the  Railroad  Commission  of  Wisconsin 
of  Rates  Charged  by  the  Chippewa  Falls  Water  Works  and  Lighting  Company  ; 
In  Re  Valuation  of  the  Property  of  the  Chippewa  Falls  Water  Works  and 
Lighting  Company  ;  Decided  June  14,  1910.  In  Opinions  and  Decisions  of  the 
Railroad  Commission  of  the  State  of  Wisconsin,  v.  5,  p.  302.  Madison,  Wis., 
1911.      (Contains  data  on  the  value  of  the  Gas  Department.) 

District  of  Columbia. 

^UNIFORM    SYSTEM    OF    ACCOUNTS    FOR    GAS    CORPORATIONS    AND    ELECTRIC 

Corporations  in  the  District  of  Columbia  as  Prescribed  by  the  Interstate 
Commerce  Commission,  pp.  29,  47,  55,  67.  Washington,  1909.  (Provision  for 
amortization  of  plant,  which  includes  monthly  charges  of  the  amount  estimated 
to  be  necessary  to  cover  wear,    tear   and   obsolescence.) 

Galesburg,  III. 

THE  GAS  FIGHT  AT  GALESBURG.  Public  Service,  v.  4,  p.  67  (March,  1908). 
(Report  by  Byllesby  &  Co.  on  the  valuation  of  the  gas  plant  at  Galesburg,  111.) 

La  Crosse,    Wis. 

DEPRECIATION  AS  A  FACTOR  IN  RATES.  (Editorial.)  Electric  Railway  Revieio, 
V.  18,  p.  752   (Nov.  9,  1907).      (Petition  of  La  Crosse  Gas  &  Electric  Co.l 

*IN  RE  APPLICATION  OF  THE  LA  CROSSE  GAS  AND  ELECTRIC  COMPANY  FOR 
Authority  to  Increase  Its  Rates ;  Decided  Nov.  17.  1911.  In  Opinions  and 
Decisions  of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  8,  pp.  138, 
156,  170,  179,  195,  224.  Madison,  Wis.,  1912.  (Physical  value  of  plant,  origi- 
nal cost  and  effect  of  allowance  for  going  value.) 

*THE  MEANING  OF  "ACTUAL  STATION  OPERATING  COSTS."  Engineering  Rec- 
ord, v.  65,  p.  191  (Feb.  17,  1912).  (Decision  of  the  Railroad  Commission 
of  Wisconsin  in  the  case  of  the  La  Crosse  Gas  &  Electric  Co.) 

.Madison.   Wis. 

THE  APPRAISAL  OF  THE  MADISON  GAS  AND  ELECTRIC  CO.  Engineering  and 
Cimlrarting,  v.  35,  p.  747  (June  28,  1911).  (Appraisal  made  by  the  Wiscon- 
sin   State   Railroad   Commission;    three  page.s.) 

GOING  VALUE  OF  PUBLIC  SERVICE  CORPORATIONS,  AS  DETERMINED  BY  THE 
Wisconsin  Railroad  Commission  in  the  Madison  Gas  and  Electric  Case.  Engi- 
neering and  Contracting,  v.  35,  p.  691  (June  14,  1911).  (On  the  decision 
rendered  in  the  case  of  the  State  Journal  Printing  Co.  et  al.  vs.  the  Madison 
Gas  &  Electric  Co.  ;  four  pages.) 

^IMPORTANT  DECISION  BY  WISCONSIN  COMMISSION  ON  CENTRAL-STATION 
Valuation  and  Rale-.Making.  Electrical  World,  v.  55,  p.  675  (March  17,  1910). 
(Decision  by  the  Wisconsin  Railroad  Commission  on  "going  value",  rate  of 
return,  etc.,  in  the  pase  of  State  Journal  Printing  Co.  et  al.  vs.  Madison  Gas  & 
Electric  Co.) 

*IN  RE  INVESTIGATION,  ON  MOTION  OF  THE  COMMISSION,  OF  THE  RATES, 
Rules  and  Regulations  of  the  Madison  Ga.s  and  Electric  Company ;  Decided 
July  5,  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  7.  p.  152.  Madison.  Wis.,  1912.  (Gives  cost  of  repro- 
duction new  and  existing  value  of  the  Madison  gas  and  electric  lighting  plant.) 

REASONABLE  RATES  FOR  GAS  AND  ELECTRICITY  AS  DETERMINED  BY  THE 

Wisconsin  Railroad  Commission  for  the  City  of  .Madison.  En/iincering  Neivs, 
v.  63,  p.  380  (March  31,  1910).  (State  Journal  Printing  Co.  vs.  Madison 
Gas  &  Electric  Co.  ;   gives  the  method  of  valuation  and   related   investigations.) 
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GAS  WORKS — SPECIAL    CASES — (Contiymed) . 
♦STATE  JOURNAL   PRINTING   COMPANY   ET  AL.   VS.   MADISON  GAS   AND   ELEC- 

tric  Company ;  Decided  March  8,  1910.  In  Opinions  and  Decisions  of  the 
Railroad  Commission  of  the  State  of  Wisconsin,  v.  4,  p.  501.  Madison,  Wis., 
1910.  (Method  of  arriving  at  valuation  of  gas  and  electric  plants;  also  method 
of  valuing  real  estate.) 

ManitoM-oc,   Wis. 

*IN  RE  APPLICATION  OF  THE  MANITOWOC  GAS  COMPANY  FOR  AUTHORITY 
to  Equalize  Rates ;  Submitted  Sept.  28.  1908,  Decided  Dec.  17,  1908.  In 
Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wisconsin, 
V.  3,  p.  163.  Madison,  Wis.,  1910.  (Data  on  the  physical  valuation  of  the 
property.) 

*PHILOSOPHY  OF  GAS  RATES,  DECISION  OP  WISCONSIN  RAILROAD  COMMIS- 
sion  Authorizing  Manitowoc  Gas  Company  to  Increase  Its  Rates.  Public 
Service,  v.   6,   p.   58    (Feb.,    1909).      (Contains  brief   reference  to   depreciation.) 

Neencih,  Wis. 

*CITY  OF  NEENAH  VS.  THE  WISCONSIN  TRACTION,  LIGHT,  HEAT  AND  POWER 
Company ;  Decided  Aug.  4,  1911.  In  Opinions  and  Decisions  of  the  Railroad 
Commission  of  the  State  of  Wisconsin,  v.  7,  p.  479.  Madison,  Wis.,  1912. 
(Contains  a  tentative  valuation  of  the  physical  property  of  the  Gas  Depart- 
ment of  the  Wisconsin  Traction,   Light,   Heat  &   Power  Co.) 

Neui  Jersey. 

*GAS  RATE  DECISIONS  IN  NEW  JERSEY.  Electric  Railway  Journal,  v.  41,  p.  35 
(Jan.  4,  1913).  (Decision  of  New  Jersey  Public  Utilities  Commission;  relates 
to  valuation  of  property  of  the  Public  Service  Gas  Co.  in  the  Passaic  District.) 

*GOING  CONCERN  VALUE.  (Editorial  Note.)  American  Gas  Light  Journal,  v.  98, 
p.  208  (March  31,  1913).  (Brief  extract  from  decision  by  the  Board  of  Public 
Utility   Commissioners  of   New  Jersey.) 

Neii;   York  City. 

*DECISION  OF  THE  SUPREME  COURT  OF  THE  UNITED  STATES,  THE  PUBLIC 
Service  Commission  vs.  the  Consolidated  Gas  Company  of  New  York.  Na- 
tional Electric  Light  Association,  Thirty-second  Convention,  1909,  Papers, 
Reports  and  Discussions,  v.  3,  pp.  319,  324.  (Considers  valuation  of  franchises 
and  value  of  the  Company's  property.) 

THE  EIGHTY=CENT  GAS  DECISION  OF  THE  SUPREME  COURT.  (Editorial.) 
Engineering  Record,  v.   59,  p.   31    (Jan.   9,   1909). 

FULL  TEXT  OF  THE  OPINION  OF  THE  SUPREME  COURT  OF  THE  UNITED  STATES 
in  the  Matter  of  the  New  York  Legislature's  Order  Fixing  the  Gas  Rates  in 
New  York  City  at  80  Cents  per  1  000  Cubic  Feet.  American  Gas  Light  Journal, 
V.  90,  p.  99  (Jan.  18,  1909).  (Considers  value  of  property  and  franchise; 
three  pages.) 

Nev)  York  State. 

*NEW  YORK  PUBLIC  SERVICE  COMMISSION  TENTATIVE  ACCOUNTS  FOR  ELEC= 
trical  and  Gas  Corporations.  Electric  Railway  Revieio,  v.  19,  p.  532  (May  2, 
1908).  (Classification  prepared  by  W.  J.  Meyers;  abstract  of  some  features  of 
the  system.) 

*STANDARD  ACCOUNTING  CONFERENCE.  Progressive  Age,  v.  26,  p.  267  (May  1, 
1908).  (On  report  of  classification  of  accounts,  gas  and  electric  companies, 
by   Public  Service  Commission,   State  of  New  York,   Second   District.) 

*STATE  OF  NEW  YORK,  SECOND  ANNUAL  REPORT  OF  THE  PUBLIC  SERVICE 
Commission,  Second  District,  for  the  Year  Ending  Dec.  31,  1908 ;  v.  2,  Uni- 
form System  of  Accounts.  Albany,  1909.  (Classification  of  accounts  for 
street  railroads,  gas  and  electrical  corporations  ;  general  amortization  account, 
including  amount  estimated  for  wear,  tear  and  obsolescence  of  plant.) 

Passaic,  N.  J. 

PUBLIC  SERVICE  GAS  COMPANY  RATE  CASE;  by  Frank  Bergen.  Aera,  v.  1, 
p.  465  (Jan.,  1913).  (Valuation  of  the  property  of  the  Passaic  Division  of 
the  Public  Service  Gas  Co.,  and  discussion  of  methods.) 

Peoria.  III. 

IN  THE  CIRCUIT  COURT  OF  THE  UNITED  STATES,  NORTHERN  DISTRICT  OF 
Illinois,  Southern  Division,  Peoria  Gas  and  Electric  Company,  Complainant, 
vs.  City  of  Peoria,  Defendant,  in  Chancery  for  Injunction,  Etc.  :  Special  Master's 
Report.  Barnard  &  Miller,  Chicago,  1903.  (Contains  data  on  methods  of 
valuation  of  gas  plants.) 

Queens  Boroiu/h   Gas  cC-  Electric  Co. 

*RATES  OF  THE  QUEENS  BOROUGH  GAS  AND  ELECTRIC  CO.:  THE  FIRST  COM- 
modity-Rate  Case  of  the  Public  Service  Commission  for  the  First  District  of 
New  York.  Engineering  News.  v.  66,  p.  266  (Aug.  31,  1911).  (Method  of 
appraisal  of  property ;  land  appraisal  development  costs,  working  capital, 
going   value,   unimpaired   investment   and   annual    depreciation.) 
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GAS  WORKS — SPECIAL    CASES — (Continued). 

*RE  RATES  OF  QUEENS  BOROUGH  GAS  AND  ELECTRIC  COMPANY  (CASES  1224 
and  1225).  Reports  of  Decisions  of  the  Public  Service  Commission  of  the 
First  District  of  the  State  of  New  York,  v.  2,  p.  544.  New  York,  1912. 
(Methods  of  determining  value  of  gas  property.) 

Racine,   Wis. 

*C1TY  OF  RACINE  VS.  RACINE  GAS  LIGHT  COMPANY;  Decided  Jan.  27,  1911. 
In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wis- 
consin. V.  6.  p.  229.  Madison,  Wis.,  1912.  (A  tentative  valuation  of  the 
physical  property  of  the  Racine  Gas  Light  Co.,  including  land,  breakwater, 
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capitalization    and   rates.) 

RAILWAY  DEPRECIATION  ACCOUNTS;  by  C.  L.  Sturgis.  Proceedings,  Annual 
Convention  of  the  National  Association  of  Railway  Commissioners,  1909,  p.  392. 
(Considers  depreciation  and  depreciation  accounts  in  relation  to  the  question 
of  railway  regulation.) 

Railicaii  Age  Gazette,  v.  48,  p.  944   (April  8,  1910). 

Abstract.    Electric  Railway  Journal,  v.  34,  p.   1224   (Dec.  18,   1909). 

RAILWAY  DEPRECIATION  ACCOUNTS;  by  W.  J.  Meyers.  Proceedings,  Annual 
Convention  of  the  National  Association  of  Railway  Commissioners,  1909,  p.  403. 
(Charging  repairs  and  replacements  as  made,  importance  of  formal  deprecia- 
tion  account   and  consideration  of   depreciation   by   companies  affected.) 

Abstract.    Electric  Railway  Journal,  v.   34,   p.   1146    (Dec.  4,   1909). 

RAILWAY  VALUATION  AGAIN.  Railway  and  Engineering  Review,  v.  50,  p. 
1172  (Dec.  24,  1910).  (Comments  on  statement  of  Judson  C.  Clements  before 
the  Railways  Securities  Commission;  from  New  York  Sun,  Dec.  3,  1910.) 
RAILWAY  VALUATION  BY  THE  CENSUS  OFFICE.  Railway  Age,  v.  37,  p.  1103 
(June  17,  1904).  (On  methods  of  valuation  advocated  by  the  Interstate  Com- 
merce Commission;  one  page.) 
REPAIRS,  RENEWALS,  DETERIORATION  AND  DEPRECIATION  OF  WORKSHOP 
Plant  and  Machinery  ;  by  James  Edward  Darbishire.  Proceedings,  In- 
stitution of  Mechanical  Engineers,  1908,  Pts.  3-4,  pp.  812,  879.  (The  dis- 
cussion of  this  paper  includes  remarks  upon  the  depreciation  of  railway  work- 
shops and  rolling  stock.) 
REPORT  OF  COMMITTEE  ON  LIFE  OF  RAILWAY  PHYSICAL  PROPERTY.  Pro- 
ceedings, American  Electric  Railway  Accountants  Association,  1912,  p.  189. 
(Contains  bibliography  on  life  of  physical  property  of  railways  and  table  of 
depreciation  estimates.) 
REPORT  OF  COMMITTEE  ON  RAILROAD  TAXES  AND  PLANS  FOR  ASCERTAIN- 
ing  Fair  Valuation  of  Railroad  Property.  Proceedings,  Annual  Conven- 
tion of  the  National  Association  of  Railway  Commissioners,  1903,  p.  13  ; 
1904,  p.  50;  1905,  p.  55;  1906,  p.  33;  1908,  p.  174;  1909,  p.  321;  1910, 
p.  138 ;  1911,  p.  61 ;  1912,  p.  34.  (Reports  and  discussions  of  varying 
length  on   taxation   and  the  best  methods   of  valuation.) 

Abstract  of  report  for  1905.    Railway  Age,  v.  40,  p.  289    (Sept.  8,  1905). 

Abstract  of  report  for  1910.     Electric  Railway  Journal,  v.   36,  pp.  1062,    1192 

(Nov.  26,  Dec.  17,  1910)  ;  Railway  and  Engineering  Review,  v.  50,  p.  1130 
(Dec.   10,    1910.) 

Abstract  of   report  for   1911.    Electric  Railway  Journal,  v.    38,   p.    1026    (Nov. 

11,  1911). 

Abstract  of  report  for  1912.    Electric  Railway  Journal,  v.  40,  p.  1065   (Nov.  23, 

1912).  (Treats  of  allowance  for  contingencies,  interest  during  construction, 
basis  for  valuation,  cost  of  reproduction  new  and  original  investment  and  fair 
value.) 

Editorials  on    report  for   1912.     Railway  Valuation.    Electric  Railway  Journal, 

V.    40,    p.    1051     (Nov.    23,    1912)  ;    Valuation    by    the    National    and    the    State 
Governments.    Electric  Railway  Journal,   v.   40,   p.   1139    (Dec.   7,   1912). 
REPORT   OF   THE    COMMITTEE  ON   FEDERAL    RELATIONS,       Proceedings,    Ameri- 
can  Electric   Railway  Association,    1911,  p.   310.     (Contains  a   page  on   physical 
valuation  of  railways.) 

■Ab.stract.      Electric  Raihcay  Journal,   v.   3S,    p.   812    (Oct.    13,   1911). 

REPORT  OF  THE  HADLEY  SECURITIES  COMMISSION.  Railway  Age  Gazette,  v. 
51.  p.  1210   (Dec.   15,  1911).     (Two  pages.) 

Editorial.    The  Usefulness  of  a  Physical  Valuation.    Railway  Age  Gazette,  v.  51, 

p.    1203    (Dec.   15,    1911). 
SOME    DISPUTED    POINTS    IN    RAILWAY    VALUATION.        (Editorials.)        Raihoay 
Age  Gazette,  v.  54,  pp.   10.-.6,  1118,  1164,   12()8   (May  16,  23,  30,  June  6,  1913). 
(On  right  of  way,  investment  from  earnings,  depreciation  and  intangible  values.) 

Criticism.      Mr.    Loweth    on    Depreciation    in    Valuation.      (Letter)  :    by    C.    F. 

Loweth.  Railway  Age  Gazette,  v.  54,  p.  1536  (June  20,  1913).  (Criticism  on 
editorial  jn  issue  of  May  30th,  1913.) 

Editorial.     Depreciation    in    Railway    Valuation.     Railway   Age    Gazette,    v.    54, 

p.    1535    (June  20,    1913). 

SOME  NEGLECTED  FACTORS  OF  FAIR  VALUATION.  (Editorial.)  Raihoay  Age 
Gazette,  v.  46.  p.  441  (March  5,  1909).  (Concerning  the  relation  between 
physical   valuations  as  made  by  State  Commissions  and  rate  regulation.) 
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STATISTICS  AS  TO  THE  LIFE  OF  STEEL  RAILWAY  BRIDGES.  Engineering- 
Contracting,  V.  30,  p.  227  (Oct.  7,  1908).  (Reference  to  depreciation  of 
bridges  and  table  showing  life  of  ten   railway  bridges.) 

AN  UNSEEN  FACTOR  IN  RAILWAY  VALUATION.  (Editorial.)  Eaihoay  Age 
Gazette,  v.  50,  p.  821  (April  7,  1911).  (In  regard  to  the  element  which  repre- 
sents investment  extinct  and  destroyed  in  the  various  railway  re-organizations.) 

USEFULNESS  OF  A  PHYSICAL  VALUATION.  (Editorial.)  Railway  Age  Gazette, 
V.  51,  p.  1203  (Dec.  15,  1911).  (Comments  on  the  report  and  recommenda- 
tions of  the  Hadley  Securities  (iiommission  ;  one  page.) 

THE  VALUATION  OF  AMERICAN  RAILWAYS.  (Editorial.)  Railway  World,  v. 
51,  p.  410  (May  17,  1907).  (Discusses  value  regarded  as  original  or  repro- 
duction cost  and  as  capitalization  on  the  net  earnings  of  the  road.) 

VALUATION  OF  PUBLIC  SERVICE  CORPORATIONS;  by  W.  H.  Williams.  Ameri- 
can Economic  Association,  New  York,  1909.  (Discusses  the  valuation  of 
railroad  taxes,  rates,  capitalization,   etc.  ;  fifty-one  pages.) 

—Abstract.    Electric  Railway  Journal,  v.   35,   p.    76    (Jan.    8,   1910). 

VALUATION  OF  RAILROAD  PROPERTY;  by  Henry  Fink.  Railway  Age  Gazette, 
V.  45,  pp.  587,  627  (July  24,  31,  1908).  (Discusses  physical  valuation,  capi- 
talization and  rate-making.) 

VALUATION  OF  RAILROAD  PROPERTY  FOR  LOCAL  TAXATION.  (Letter.) 
Railroad  Gazette,  v.  29,  p.  863  (Dec.  10,  1897).  (Decisions  on  valuation  of 
railroads,  based  on  opposing  principles,  cost  of  reproduction  and  earning 
capacity.) 

VALUATION  OF  RAILROADS.  (Editorial.)  Railway  Age  Gazette,  v.  42,  p.  730 
(May  31,  1910).  (History  of  attempts  to  fix  value  of  railroad  properties,  and 
statement  that   this  cannot  be  done  on    a   physical   basis;   one  page.) 

VALUATION  OF  RAILWAY  PROPERTIES;  by  Robert  Yates.  Railway  Age  Ga- 
zette, V.  47,  p.  975  (Nov.  19,  1909).  (Considers  a  few  of  the  principal  ele- 
ments   of   construction    showing   the   cost   value    and    depreciated    value.) 

VALUATION  OF  RAILWAYS.  Railway  Age  Gazette,  v.  46,  pp.  173,  219,  261, 
312  (Jan.  22.  29,  Feb.  5,  12,  1909).  (Full  discussion  of  valuation  in  relation 
to   State  Railway  Commissions,   rates,   etc.) 

VALUATION  OF  THE  RAILWAYS  IN  THE  UNITED  STATES;  by  B.  H.  Meyer. 
Proceedings,  Annual  Convention  of  the  National  Association  of  Railway  Com- 
missioners,  1904,   p.   46.     (General   principles  of  valuation;   four   pages.) 

Abstract.    Valuation  of  the  Railways  of  the  United  States.    Railway  Age,  v.   38, 

p.   729    (Nov.   18,   1904). 

VALUE  OF  THE  RAILROADS  AND  THEIR  CAPITALIZATION;  by  H.  T.  Newcomb 
Railroad  Gazette,  v.  34,  p.  671  (Aug.  29,  1902).  (Argues  that  the  capital 
stock  of  a  railroad  does  not  represent  its  real  value;  one  page.) 

VALUING  RAILROAD  PROPERTY;  by  Charles  Hansel.  Traffic  World,  v.  7,  p.  735 
(April  22,  1911).  (Consideration  of  earning  power,  franchise  and  real  value 
as   elements  of  appraisal;    address  before  the   Southern   Commercial   Congress.) 

WHAT  IS  THE  VALUE  OF  A  RAILROAD  FOR  PURPOSES  OF  TAXATION?  bv 
Charles  Hansel.  Railroad  Gazette,  v.  33,  p.  271  (April  19,  1901).  (On  the 
work  of  Prof.  M.  E.  Cooley,  who  was  selected  to  examine  the  railroads  in  the 
State  of  Michigan,  and  on  the  subject  of  valuation  in  general;  one  page.) 

United  States  Interstate  Commerce  Commission. 

ACCOUNTING  FOR  DEPRECIATION  OF  EQUIPMENT.  (Editorial.)  Railivay  Age, 
v.  44,  p.  36  (July  12,  1907).  (Comments  on  the  proposal  to  require  railways 
to  make  formal  depreciation  accounts  as  outlined  in  Accounting  Circular,  No.  8, 
United   States  Interstate   Commerce  Commission.) 

ACCOUNTING  FOR  DEPRECIATION  OF  EQUIPMENT.  (Letter)  ;  by  W.  A.  Worth- 
ington.  Railway  Age,  v.  44,  p.  245  (Aug.  23,  1907).  (On  the  elassification 
of  the  Interstate  Commerce  Commission.) 

CLASSIFICATION  OF  ACCOUNTS  FOR  INTERSTATE  STEAM  ROADS.  Electric 
Railway  Journal,  v.  32,  p.  348  (July  25,  1908).  (New  classifications  as  of 
July  1,  1908,  supplements  to  the  revised  issues  prescribed  for  the  fiscal  year 
beginning   July   1st,    1907.) 

CLASSIFICATION  OF  OPERATING  EXPENSES  AS  PRESCRIBED  BY  THE  INTER- 
state  Commerce  Commission.  Third  Revised  Issue.  Government  Printing 
Office,   Washington,    1911.      (Gives   annual    per   cent,    allowed   for   depreciation.) 

CLASSIFICATION  OF  OPERATING  EXPENSES  AS  PRESCRIBED  BY  THE  INTER- 
state  Commerce  Commission  for  Steam  Roads.  Third  Revised  Edition,  Effective 
July  1st,  1908.  Government  Printing  Office,  Washington,  1908.  (Contains 
condensed  classification  of  account  for  small  carriers  and  extended  classifica- 
tion  for  large  carrier.?.) 

Supplement.     Government  Printing  Office,  Washington,  1908. 
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DEPRECL\TION  AND  RENEWALS  ACCOUNTS  MODIFIED.  (Editorial.)  Railway 
Aijc.  V.  44,  p.  308  (Sept.  6,  1907).  (Dispussion  of  Circular  13,  Accounting 
Series,   United   States   Interstate  Commerce   Commission.) 

DEPRECIATION  IN  RAILWAY  ACCOUNTING.  (Letter)  :  by  H.  A.  Dunn.  Rail- 
wau  Afje,  V.  45,  p.  756  (May  29,  190.S).  (Comments  on  methods  of  account- 
ing recommended   by  the   Interstate  Commerce  Commission.) 

EVALUATION  OF  RAILROADS;  by  Walter  S.  McCormack.  Traffic  ^Vo>■hl.  v.  8, 
p.  511  (Sept.  23,  1911).  (States  that  carriers  should  be  represented  in  work 
of  the  Interstate  Commerce  Commission.) 

FORM  OF  GENERAL  BALANCE  SHEET  STATEMENT  AS  PRESCRIBED  BY  THE 
Interstate  Commerce  Commission  for  Steam  Roads.  First  Revised  Issue,  Ef- 
fective June  15th.   1910.     Government  Printing  Office.  Washington,   1910. 

HEARING  ON  DEPRECIATION  OF  EQUIPMENT  ACCOUNTS  BY  INTERSTATE  COM- 
merce  Commission.  Electric  Railway  Journal,  v.  32,  p.  2?>(^  (July  4,  1908). 
(Opinion  of  a  Committee  of  the  American  Railway  Association.) 

Editorial.       Depreciation    of    Equipment    Accounts.      Electric    Railioau    -Journal, 

V.    32,    p.   193    (July   4,    1908). 

INTERSTATE  COMMERCE  COMMISSION  DESIRE  INFORMATION  CONCERNING 
Treatment  of  Depreciation  Accounts.  Railway  Acie,  v.  45,  p.  221  (Feb.  14, 
1908).  (Questions  which  should  be  considered  in  keeping  account  of  deprecia- 
tion :    abstract   of  Circular   No.    7,   Special    Report  Series.) 

OBJECTIONS  TO  THE  DEPRECIATION  CHARGE.  Railroad  Age  Gazette,  v.  45,  p. 
1050  (Oct.  2,  1908).  (A  summary  of  views  expressed  by  railroad  officers  on 
depreciation  ;  memorandum  of  the  American  Railway  Association's  Special 
Committee  to  the   Interstate  Commerce  Commission.) 

Depreciation   in    Steam   Railway   Accounting.      Electric  Railway   Journal,   v.    32, 

p.   748    (Oct.   3,   1908). 

Editorial.       Proposed     Valuation     and     Rates.       Railway    Age,     v.     43.     p.     268 

(March   1,    1907). 

PROTEST  OF  PENNSYLVANIA  RAILROAD  AGAINST  CLASSIFICATION  OF  ADDI- 
tions  and  Betterments.  Electric  Railway  Journal,  v.  34.  p.  908  (Oct.  23.  1909). 
(Formal  protest  to  the  Interstate  Commerce  Commission  against  required 
classification   of   accounts.) 

QUESTIONS  PERTAINING  TO  DEPRECIATION.  Railway  Age,  v.  44,  p.  805  (Dec. 
6,  1907).  (Abstracts  of  Circulars  12  and  12a,  Accounting  Series,  United  States 
Interstate   Commerce   Commission.) 

STATE  VALUATION  OF  RAILWAYS;  by  Darius  Miller.  Railway  and  Engineering 
Rer'ieic,  v.  50,  p.  1027  (Nov.  5,  1910).  (Statements  made  at  the  rate  hearing 
of  the  Interstate  Commerce  Commission.) 

I'nitcd  State.i  Railway  Vahiati/)n  Act. 

THE  BILL  FOR  PHYSICAL  VALUATION.  Railwaii  and  Engineering  Review,  v.  53. 
p.   169    (Feb.   22,   1913).      (The  text  of  the  Railway   Valuation    Act.) 

Bill    for   Physical  Valuation   of   Railways.      Railway  Age   Gazette,   v.   52,   p.    811 

(April  5,  1912).  (Full  text  of  the  Adamson  Bill  for  the  physical  valuation 
of    railways    by    the    Interstate    Commerce    Commission.) 

CAN  ENGINEERS  BE  TRUSTED  TO  ARBITRATE  FAIRLY  AND  INTELLIGENTLY 
Between  the  Public  Interests  and  the  Property  Interests?  (Editorial.)  En- 
gineering News.  v.  69,  p.  1187  (June  5,  1913.)  (On  statement  of  Senator 
Robert  M.  La  Follette  that  railroad  valuation  work  should  be  placed  in 
charge  of  an  economist  and  not  of  an  engineer.) 

HEARING  ON  PROPOSED  FEDERAL  RAILROAD  APPRAISAL.  Railway  and  En- 
gineering  Reviexc,   v.    53,    p.    140    (Feb.    15,    1913). 

A  HUGE  PIECE  OF  ENGINEERING  WORK.  (Editorial.)  Engineering  News,  v.  69. 
p.   476    (March  6.   1913).      (Comments   on   the   Railway   Valuation   Act.) 

PHYSICAL  VALUATION  OF  RAILROADS.  (Editorial.)  Raihvay  Age  Gazette, 
v.  45,  p.  1029  (Oct.  2,  1908).  (Recommendation  for  Federal  valuation  of 
railroads  by  Henry  C.  Adams,  Statistician  of  the  Interstate  Commerce  Com- 
mission ;    one   and    one-half    columns.) 

PLAN  FOR  PHYSICAL  VALUATION  OF  RAILWAY  PROPERTIES,  Railway  Age, 
V.  43.  p.  28G  (March  1.  1907).  (Abstrat^t  of  a  memorandum  by  H.  C.  Adams 
submitted  to  the   President   bv   the   Interstate   Commerce   Commission.) 

THE  PLANK  IN  THE  DEMOCRATIC  PLATFORM  PLEDGING  THE  APPRAISAL  OF 
All  Railways.  (Editorial.)  Engineering  and  Contracting,  v.  38,  p.  562 
(Nov.  20,  1912).  (Estimates  the  cost  of  a  railway  appraisal  to  range  from 
.$2.50  per  mile,  for  very  rough  inventory,  to  $25  per  mile  for  a  very  thorough 
appraisal,  or  about  50  cents  per  $1  000  of  physical  property  appraised.) 

PROPOSED  NATIONAL  VALUATION  CONVENTION.  (Letter)  :  by  L.  C.  Fritch. 
Railway  Age  Gazette,  v.  54,  p.  1536  (June  20,  1913).  (Objections  to  holding 
convention.) 
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The  Railway  Valuation  Act.     Eyigineering  News,  v.  69,  p.  482   (March  6,  1913). 

(Text  of  the  law  passed  by  Congress  ordering  the  valuation  of  railroad  prop- 
erties.) 

THE  RAILWAY  VALUATION  ACT.  (Letter)  ;  by  Alex.  C.  Humphreys.  Engi- 
neeriny  News,  v.  69,  p.  688  (April  3,  1913).  (The  doubtful  value  of  the  pro- 
vision of  the  law  which  requires  the  appraisers  to  analyze  past  financial 
transactions  of  railroads.) 

STATE   RAILWAY    COMMISSIONERS   AND   FEDERAL   VALUATION;   by   D.    F.    Jur- 

gensen.  Railway  and  Engineering  Review,  v.  53,  p.  529  (June  7,  1913). 
(States  that  the  Federal  valuation  is  a  contest  between  carriers  and  public, 
with   the   Interstate  Commerce    Commission   as   umpire.) 

VALUATION  OF  THE  RAILROADS.  (Editorial.)  Engineering  Record,  v.  67,  p. 
283    (March  15,  1913).      (On  the  Railway  Valuation  Act.) 

THE  VALUE  OF  VALUATION.  (Editorial.)  Electric  Railroad  Journal,  v.  41,  p. 
667  (April  12,  1913).  (Doubt  expressed  as  to  the  usefulness  of  the  valuation 
of  railroads  provided  for  by  Congress.) 

RAILROADS— SPECIAL  CASES. 

Atchison,   Topeka  d  Santa  Fe  R.  R. 

WHY  RAILROADS  NEED  HIGHER  RATES,  p.  88;  by  E.  P.  Ripley.  Chicago  (?), 
1910.  (Takes  up  the  physical  value  of  the  Santa  Fe  R.  R.  in  testimony 
before  the  Interstate  Commerce  Commission,  Chicago,   1910.) 

Beaumont  &  Ch-eat  Northern  R.  R. 

VALUATION  OF  THE  RAILWAYS  OF  TEXAS.  Engineering-Contracting,  v.  33, 
p.  370  (April  20,  1910).  (Detailed  value  of  the  Beaumont  &  Great  Northern 
R.  R.,  with  brief  comments.) 

Boston  d  Maine  R.  R. 

♦EVIDENCE  AS  TO  THE  VALUE  OF  NEW  HAMPSHIRE  ROADS  EMBRACED  IN 
the  Boston  &  Maine  System.  In  the  Report  of  the  Public  Service  Com- 
mission of  New  Hampshire  on  an  Investigation  of  Railroad  Rates,  p.  300. 
Concord,  N.  H.,  1912.  (Discussion  of  formula  for  determining  the  value  of 
railroad  properties :  Original  cost ;  amount  and  market  value  of  stocks  and 
bonds  ;  present  as  compared  with  original  cost  of  construction  ;  probable  earn- 
ing capacity.) 

California. 

♦INSTRUCTIONS  TO  ASSISTANT  ENGINEERS  FOR  INSPECTING  RAILWAY  PROP- 
erty  for  Inventory  and  Appraisal,  California  Railroad  Commission.  Engineer- 
ing and  Contracting,  v.  37,  p.  619    (May  29,   1912). 

Chicago,  Milwaukee  S  St.  Paul  R.  R. 

*A.  E.  BUELL  VS.  CHICAGO,  MILWAUKEE  &  ST.  PAUL  RAILWAY  COMPANY; 
Submitted  July  1,  1906,  Decided  Feb.  16,  1907.  In  Opinions  and  Decisions  of 
the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  1,  pp.  337,  478.  Madi- 
son, Wis.,  1908.      (Discusses  what  constitutes  a  fair  valuation  of  a  railroad.) 

ITEMIZED  COST  OF  THE  C,  M.  «&  ST.  P.  R.  R.  IN  SOUTH  DAKOTA.  Engineer- 
ing-Contracting, V.  28,  p.  56  (July  24,  1907).  (Estimates  given  in  the 
Spokane  rate  case.) 

Great  Britain. 

THE  SERVICEABLE   LIFE   AND   COST  OF  RENEWALS  OF   PERMANENT  WAY   OF 

British  Railways ;  by  R.  Price-Williams.  Journal,  Iron  and  Steel  Insti- 
tute, V.  80,  p.  183  (1909,  Pt.  2).  (Gives  actual  figures  and  diagrams  of  cost 
of  maintenance  on  British  railways  for  a  number  of  years.) 

Great  Northern  Ry. 

ITEMIZED  COST  OF  THE  GREAT  NORTHERN  RAILWAY  SYSTEM  AS  ESTIMATED 
by  Its  Chief  Engineer.  Engineering-Contracting,  v.  29,  p.  271  (May  6, 
1908).  (Estimates  given  in  testimony  before  the  Interstate  Commerce  Com- 
mission in  the  Spokane  rate  case.) 

ORIGINAL    COST    AND    COST    OF    REPRODUCTION    OF    THE    GREAT    NORTHERN 

Railway  (768  Miles)  in  the  State  of  Washington.  Engineering-Contracting, 
V.  32,  p.  496  (Dec.  8,  1909).  (Data  as  to  the  original  cost,  given  by  Halbert 
P.    Gillette   before   the   Railroad    Commission.) 

Kansas.- 

♦KANSAS  RAILWAY  VALUATION,  REPORT  OF  THE  WORK  OF  THE  ENGINEER- 
ing  Department,  Public  Utilities  Commission,  from  Date  of  Establishment  to 
Nov.,  1912  ;  by  C.  C.  Witt.  Public  Service  Regulation,  v.  2,  p.  217  (May, 
1913). 
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Kansas  City  Southern  Ry. 

ACCOUNTING  FOR  ABANDONED  PROPERTY.  Electric  Railicay  Journal,  v.  39, 
J).  247  (Feb.  10,  1912).  (Reply  of  Interstate  Commerce  Commission  to  the 
suit  brought  by  the  K.  C.  S.  Ry.,  in  regard  to  manner  of  accounting  for  value 
of  property  abandoned  in  the   reconstruction  of  track.) 

Louisiana. 

*REPORT    MADE    BY    THE     STATE     BOARD     OF     APPRAISERS     SHOWING     THE 

Assessments    Made    of    Property    Employed    in    the    Railway,    Telegraph.    Tele- 
phone,   Sleeping    Car,    and    Express    Business    for    the    Year    1899.       (On    the 
methods  of  valuation,  and  actual  valuations  made.) 
Massachusetts. 

THE  FRANCHISE  IN  CAPITALIZATION.  (Editorial.)  Railroad  Gazette,  v.  37, 
p.  269  (Aug.  26,  1904).  (Discussion  of  bill  presented  to  Massachusetts  Legis- 
lature allowing  a  new  corporation  to  capitalize  on  a  basis  of  market  value  of 
absorbed  companies  and  to  capitalize  the  franchises.) 

Michigan. 

EXPERT    VALUATION    OF    RAILWAY    AND    OTHER    CORPORATE    PROPERTY    IN 

Michigan.  Kiunnccring  News,  v.  44,  p.  430  (Dec.  20,  1900).  (Full  account 
of  the  valuation  made  by  the  Michigan  Board  of  State  Tax  Commissioners, 
describing   organization   for  the  work.) 

RAILROAD  TAXATION;  by  Robert  H.  Shields.  In  Sixth  Report  of  the  Board  of 
State  Tax  Commissioners.  Dec  15.  191 0,  p.  53.  Lansing,  Mich.,  1911.  (Dis- 
cusses   several    theories    for   valuation   of   railroads.) 

RAILWAY  CAPITAL  AND  VALUES;  by  W.  H.  Williams.  Railway  Age  Gazette, 
V.  46,  pp.  761,  805,  845,  903  (April  2,  9,  16,  23,  1909).  (Outlines  the  methods 
used  to  obtain   a  physical   valuation   of  railroad   property  in  Michigan.) 

Abstract.     Railway  and  Engineering  Reviciv,  v.  48,  p.   1047    (Dec.   26,   1908). 

Minneapolis,   St.   Paul  d  Sault  Ste.  Marie  Ry. 

*IN  RE  INVESTIGATION  ON  MOTION  OF  THE  COMMISSION  OF  PASSENGER 
Rates  Charged  by  the  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway  Com- 
pany ;  Submitted  April  9,  1907,  Decided  June  1,  1907.  In  Opinions  and  De- 
cisions of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  1.  pp.  543,  581. 
Madison,  Wis.,  1908.      (Contains  brief  reference  to  valuation  of  the  road.) 

Miyincsota. 

CURRENT  RAILWAY  PROBLEMS;  by  Samuel  O.  Dunn.  Railway  Age  Gazette, 
New  York,  1911.  (Contains  an  article  on  valuation  of  railways  with  special 
reference  Lo  the  physical  valuation  in  Minnesota.) 

♦FORMS  USED  IN  COMPILING  INFORMATION  IN  THE  1906  APPRAISAL  OF  THE 
Railways  of  Minnesota.  Engineering  and  Contracting,  v.  37,  p.  52  (Jan.  10, 
1912).      (Four  pages.) 

JUDGE  SANBORN  ON  STATE  INTERFERENCE  WITH  INTERSTATE  COMMERCE 
and  Valuation  of  Railways.  Railway  Age  Gazette,  v.  50,  p.  987  (April  28, 
1911).  (Opinions  of  the  U.  S.  Circuit  Judge  in  the  Minnesota  rate  case;  ab- 
stract of  the  discussion  on  the  correct  basis  for  the  valuation  of  railways  and 
a  "fair  return"  ) 

THE  MINNESOTA  COMMISSION'S  VALUATION  FORMS.  Public  Service  Regula- 
tion. V.  1,  p.  301  (May,  1912).  (Showing  headings  of  some  of  the  blanks  used 
for  detailed  railway  inventory  and  valuation  in  Minnesota,  contributed  by  D.  F. 
Jurgensen,  Engineer.) 

THE   MINNESOTA    RATE   CASE;   by   Charles    E.    Otis.       In   Railway   Library,    1910, 
p.   31  ;    edited    by   Slason   Thompson.      Bureau   of  Railway   News   and    Statistics, 
Chicago,    1911.      (Contains  analysis   of  valuation   of  property   devoted   to   public  ■ 
service.) 

THE  MINNESOTA  RATE  CASES,  OPINION  OF  THE  SUPREME  COURT  OF  THE 
I'nited  States.  (63d  Congress,  1st  Sess.,  Senate  Doc.  No.  54).  Washington, 
D.  C.,  1913.  (Opinion  of  Justice  Hughes  of  the  Supreme  Court  on  the  valua- 
tion of  railways.) 

Abstracts.  Decision  of  the  Supreme  Court  in  the  Minnesota  Rate  Cases.  Elec- 
tric Railway  Journal,  v.  41,  p.  1064  (June  14,  1913)  ;  Railway  Evaluation 
and  Depreciation.  Engineei-ing  Record,  v.  67,  p.  687  (June  21,  1913)  :  The 
Supreme  Court's  Comments  on  Railway  Valuation.  Railway  Age  Gazette, 
V.   54,   p.    1537    (June  20,   1913). 

Editorials.      Construction    Expenses    in    the   Minnesota   Rate   Decision.      Electric 

Railioay  Journal,  v.  41.  p.  1101  (June  21,  1913)  :  Railway  Age  Gazette,  v.  54, 
p.  1304  (June  13,  1913)  ;  The  Minnesota  Rate  Decision.  Engineering  Record, 
V.  67,  p.  679  (June  21.  1913)  ;  The  United  States  Supreme  Court  on  Prin- 
ciples of  Railway  Valuation.  Engineering  News,  v.  69,  p.  1338  (June  26, 
1913). 
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MINNESOTA  RATE  LAWS  VOID,  Traffic  World,  v.  7,  p.  646  (April  15,  1911). 
(Statement  is  made  that  apportionment  on  the  basis  of  revenue  to  the  various 
classes  of  its  business  in  order  to  determine  the  reasonableness  of  its  rate,  is 
the  most  reaonable  and  equitable  method  of  assigning  the  value  of  a  railroad 
property  in  a  State,  used  for  transportation  ;  decision  in  case  Shepard  vs. 
Northern   Pacific   et  al.j  etc..   United   States   Circuit   Court.) 

*TWENTV=THIRD  ANNUAL  REPORT  OF  THE  RAILROAD  AND  WAREHOUSE 
Commission  of  Minnesota  to  the  Governor  for  the  Year  Ending  November  30, 
1907,   p.   14.      St.   Paul,    1908.      (On   method   of   making  valuation;    six   pages.) 

* 24th,   1908,   p.   12.      Minneapolis,   1909.      (Contains   report   on   valuation   of  the 

railways  of  the  State.) 

Abstracts.      An   Analysis   of   the   Appraisal   of   the   Railways   of   Minnesota    with 

Comments  on  the  Same.  Engineering -Contracting,  v.  31,  p.  172  (March  3, 
1909)  ;  Valuation  of  Railways  in  Minnesota.  Railway  Age  Gazette,  v.  46, 
p.    225    (Jan.    29,    1909). 

* 26th,   1910,  p.  94.     Minneapolis,  1911.      (Contains  findings  and   report  on  rate 

cases  by  Charles  E.  Otis,  including  valuations  of  property  devoted  to  public 
service.) 

Abstract.      Railway   and  Eivgiiieering  Revieio,  v.   49,  p.   297    (March   13,   1909). 

VALUATION  OF  RAILROAD  PROPERTY  IN  MINNESOTA;  by  A.  S.  Cutler.  Year 
Book,  Engineers'  Society,  University  of  Minnesota,  v.  16,  p.  69  (1908). 
(Method  of  making  valuation  of  railroad  property  in  Minnesota;  seven  and  one- 
half  pages.) 

VALUATION  OF  RAILWAYS  IN  MINNESOTA.       Railway  Age  Gazette,  v.   44,   p.   877 

(Dec.   20,    1907).      (Describes   methods   of  making  valuation.) 
VALUATION    OF    RAILWAYS    IN    MINNESOTA.       Railway    Age    Gazette,    v.    46,    p. 
269    (Feb.    5,    1909).       (Describes    the    work    of    the    Minnesota    Railroad    Com- 
mission.) 

Editorial.     Railway  Age  Gazette,  v.  46,  p.  245    (Feb.  5,   1909). 

Neliraslca. 

*FOURTH  ANNUAL  REPORT  OF  THE  NEBRASKA  STATE  RAILWAY  COMMIS- 
sion  to  the  Governor,  Year  Ending  November  30,  1911,  p.  446.  Omaha,  1911. 
(Includes  statements  of  physical  value  of  the  various  railroad  and  transporta- 
tion facilities  of  the  stock  yards  properties  within  the  State  of  Nebraska,  being 
the  initial  appraisal  of  July  1st.  1909.) 

State  Railway  Valuation  :  Nebraska  Commission  Reports  Progress  on  State- 
Wide  Appraisal  of  Physical  Values.  Pvblic  Service  Regulation,  v.  1,  p.  445 
(July,  1912). 

ORGANIZATION  FOR  AND  METHODS  AND  RESULTS  OF  PHYSICAL  VALUATION 
in  Nebraska;  by  E.  C.  Hurd.  Engineering  and  Contractina,  v.  36,  p.  694  (Dec. 
27,   1911).      (Two  pages.) 

VALUATION  OF  RAILWAY  PROPERTY — THE  NEBRASKA  METHOD.  Railway 
Age,  V.  37,  p.  1219  (June  24,  1904).  (Valuation  for  purposes  of  taxation; 
one  page.) 

New  Jersey. 

THE  APPRAISAL  OF  THE  RAILWAYS  OF  NEW  JERSEY,  AND  PROGRESS  IN 
Other  States.  Engineering  and  Contracting,  v.  35,  p.  701  (June  21,  1911). 
(One   column.) 

*PROORESS  REPORT  OF  THE  BOARD  TO  RE=APPRAISE  RAILROADS  AND 
Canals  in  This  State,  March  9th,  1910.  Trenton,  N.  J.  (Gives  organization, 
methods,  and  some  data  on  actual  values.) 

RAILROAD    APPRAISAL    AND    TAXATION    IN    NEW    JERSEY;    by    Charles    Hansel. 

Engineering  News,  v.   68,  p.   334    (Aug.   22,    1912).      (Defense  of  the  method  of 

appraisal   of  railroads  for  taxation   in   New  Jersey.) 
*REPORT  ON  REVALUATION  OF  RAILROADS  AND   CANALS,  NEW  JERSEY,   1911; 

by  Charles  Hansel.  Trenton,  1912.  (Treats  of  value  of  property,  including  the 
franchise,  bonds  and  stocks,  organization,  operating  cost,  real  estate,  tangible 
personal   property,    depreciation,   etc.) 

THE  VALUATION  OF  RAILROADS  IN  NEW  JERSEY;  by  Charles  Hansel.  Engineer- 
ing Record,  V.   63,   p.   594    (May   27.   1911).      (Four  pages.) 

VALUATION  OF  RAILWAYS  IN  NEW  JERSEY.  Railway  Age  Gazette,  v.  53,  p. 
243  (Aug.  9,  1912).  (Methods  adopted  by  Charles  Hansel  to  ascertain  value 
in  accordance  with  State  statute;   results  obtained  by  the  work.) 

New  York,  New  Haven  &  Hartford  R.  R. 

DEPRECIATION  FUNDS  OF  THE  NEW  YORK,  NEW  HAVEN  AND  HARTFORD 

Railroad.  (Editorial.)  Railway  Age,  v.  43,  p.  133  (Feb.  1,  1907).  (One 
paragraph.) 
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THE    NEW    HAVEN    VALUATION.      Hailway    Age    Oazetle.    v.    50,    p.    461     (March 
10,  liill).      iKeview  of  the  valuation  of  the  N.  Y.,   N.  H.  &  H.  R.  R.  properties 
just   completed   under   the   order   of   the   Massachusetts    Legislature.) 

PRICES   EMPLOYED   IN    THE   PHYSICAL   VALUATION   OF   THE  NEW   YORK,   NEW 

Haven  ii  Hartford  R.  R.  Eniiinen-ing  and  Contract ina,  v.  37,  p.  220  (Feb.  21, 
1912).  (The  unit  prices  adopted  were  based  on  the  average  ruling  prices  of 
the  various  elements  for  the  last  few  years  and  on  prices  actually  paid  by  the 
Railway  Company;  one  column.) 

THE  PRINCIPLES  GOVERNING  A  RAILROAD  APPRAISAL  OF  AN  UNUSUAL  NA- 
ture.  LnginccriiKi  Kccord,  v.  05,  p.  174  (Feb.  17,  1912).  (Gives  an  outline  of 
t\ie  views  of  George  F.  Swain  on  the  valuation  of  the  X.  Y.,  N.  H.  &  H.  R.  R.) 

RAILROAD  REVALUATION — WITH  AN  EXAMPLE.  (Editorial.)  Railway  Age 
Gazette,  v.  45,  p.  lOSl  (Oct.  9,  1908).  (On  the  valuation  of  the  X.  Y.,  X.  H. 
*i  H.   R.   R.) 

Letter.     Scientific  Valuation  in  Wisconsin  ;  by  Dwight  C.  Morgan.     Railway  Age 

Gazette,  v.  45,  p.  1242  (Oct.  30,  190S).  (Criticism  of  editorial  of  Oct.  9, 
1908.) 

*REPORT  OF  THE   BOARD   OF   RAILROAD   COMMISSIONERS,   THE   TAX   COMMIS- 

sioner  and  the  Banlv  Commissioner,  Sitting  as  a  Commission,  Relative  to  the 
Assets  and  Liabilities  of  the  New  York,  New  Haven  &  Hartford  Railroad  Com- 
pany. Wright  &  Potter  Printing  Co.,  Boston,  1911.  (Contains  extensive  re- 
ports by  George  F.  Swain  and  Stone  A:  Webster  on  the  valuation  of  the  rail- 
road.) 

VALUATION  OF  THE  SOUIH  STATION,  BOSTON.  (Editorial.)  Railway  Age 
Gazette,  v.  48,  p.  1243  (.May  20.  lOlo).  (On  the  revaluation  of  the  South  Sta- 
tion at  Boston,  made  by  J.  F.  Stevens,  for  the  X.  Y.,  X.  H.  &  H.  R.  R.  Co.  ; 
one-half  column.) 

yorthern  Pacific   Ry. 

AVERAGE   COST  OF  REPAIRING   LOCOMOTIVES   IN   AMERICA,    COMPARED   WITH 

the  Cost  on  the  Northern  Pacific,  Together  with  Comments  on  Plant  Deprecia- 
tion and  Repairs.  Engincering-Conlracting,  v.  30,  p.  150  (Sept.  2,  1908). 
(Discusses  depreciation  of   locomotives.) 

FINDINGS    OF    THE    INTERSTATE    COMMERCE    COMMISSION    AS    TO    THE    COSTS 

of  Constructing  the  Xorthern  Pacific  and  Great  Northern  Railways,  and  Its 
Decision  in  the  Spokane  Rate  Case.  Engineering-Contracting,  v.  31,  p.  217 
(March  24,  1909).  (Discusses  a  decision  of  the  Interstate  Commerce  Cora- 
mission  regarding  rate  reduction  on  the  N.  P.  and  G.  N.  Rys.) 
ITEMIZED  COST  OF  THE  NORTHERN  PACIFIC  RAILWAY  SYSTEM  AS  ESTI- 
mated  by  Its  Chief  Engineer.  Engineering-Contracting,  v.  29,  p.  226  (April  15, 
1908).      (  Elstimates  given  in  the  Spokane  rate  case.) 

*ORIGINAL   COST    AND    COST   OF   REPRODUCTION    OF   THE    NORTHERN    PACIFIC 

Railway  (1  645  .Miles)  in  the  State  or  Washington.  Emjinecring-Contract- 
ing,  v.  33,  p.  44  (Jan.  12.  1910).  (Data  as  to  the  cost  given  by  Halbert  P. 
Gillette,    before   the   Railroad    Commission.) 

See  also  Minnesota. 

Oklahoma. 

♦BEFORE    THE    CORPORATION    COMMISSION,     STATE    OF    OKLAHOMA:     In     Re 

Proposed  Order  to  Premulgatc  Rates  en  Wheat,  etc..  Xo.  135U.  Oklahoma 
City,  1912.  (Opinion  of  George  .A.  Henshaw,  Commi^.-ioner  ;  contains  an 
extended   discussion   of  the  proper  elements   in   valuation.) 

Oregon. 

•ANNUAL    REPORT   OF    THE   RAILROAD   COMMISSION  OF   OREGON,    1908,   p.    20; 

1909,  p.  25.  Salem,  Ore.,  1909-10.  (Speaks  briefly  of  the  methods  used  and 
describes  the  organization  of  the  force.) 

Oregon  R.  R.  d  Navigation  Co. 

♦VALUATION  OF  THE  OREGON  RAILROAD  &  NAVIGATION  COMPANY.  Railway 
Age  Gazette,  v.  45,   p.  1357    (Xov.   13,   190S).      (Actual  figures;   one  paragraph.) 

South  Dakota. 

♦NINETEENTH    ANNUAL   REPORT   OF   THE    BOARD   OF    RAILROAD   COMMISSION- 

ers  of  the  State  of  South  Dakota  for  the  Year  Ending  June  30,  1908,  p.  24. 
Huron.  S.  Dak.,  1908.  (On  method  of  making  valuation  of  railroads  ;  three  and 
one-half   pages.) 

THE  PHYSICAL  VALUATION  OF  THE  RAILROADS  IN  SOUTH  DAKOTA.  Engi- 
ne-ring Record,  v.  63.  p.  174  (Feb.  11.  1911).  (Contains  a  table  giving  ap- 
praised value  per  mile  of  all  railways  in  South  Dakota,  reproduction  value 
new,  condition  per  cent,  and  present  value.) 
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*SOUTH    DAKOTA    RAILROAD    APPRAISAL    AS    OF   JUNE   30,    1909:   REPORT   OF 

Carl  C.  Witt,  Engineer,  to  the  Board  of  Railroad  Commissioners  of  the  State 
of  South  Dakota.  In  Twenty-First  Annual  Report  of  the  Board  of  Railroad 
Commissioners  of  the  State  of  South  Dakota  for  the  Fiscal  Year  ending  June 
30,  1910,  p.  25.  Sioux  Falls,  S.  Dak.,  1910.  (Actual  valuation  and  general  ex- 
planatory notes.) 

Southern  Pacific  Co. 

EQUIPMENT  DEPRECIATION  AND  RENEWAL;  by  William  Mahl.     Railroad  Gazette, 

V.  4.3,  p.  418   (Oct.  1,  1907).      (Compiled  from  data  published  in  Annual  Report 

of   the   S.   P.   Co.) 

Railway  Age  Gazette,  v.  48,  p.  440    (March  4,   1910). 

Editorial.     Railroad  Gazette,  v.  43,  p.  406   (Oct.  11,  1907). 

EQUIPMENT  DEPRECIATION  AND  REPLACEMENT;  by  William  Mahl.  Railway 
Age  Gazette. »v.  48,  p.  1249  (May  20,  1910).  (Statement  of  the  per  cent,  of 
cost  of  equipment  vacated  to  total  original  cost  on  the  S.   P.  Co.) 

Abstract.  Equipment  Depreciation  and  Renewal  of  Railways.  Engineering- 
Contracting,  V.   34,  p.   193    (Aug.   31,   1910). 

Texas. 

*ANNUAL  REPORT  OF  THE  RAILROAD  COMMISSION  OF  THE  STATE  OF  TEXAS 

for  the  Year  1908,  pp.  32,  457.  Austin,  Tex.,  1908.  (Gives  a  detailed  state- 
ment of  the  value  of  the  different   railroads.) 

ESTIMATING  THE  VALUE  OF  A  RAILWAY.  Engineering  News,  v.  31,  p.  308 
(April  12,  1894).  (On  the  work  of  the  Texas  Railroad  Commission;  one 
column.) 

Editorial.     Engineering  News,  v.   31,  p.   302    (April  12,   1894). 

*METHOD  USED  BY  THE  RAILROAD  COMMISSION  OF  TEXAS,  UNDER  THE 

Stock  and  Bond  Law,  in  Valuing  Railroad  Properties ;  by  R.  A.  Thompson. 
Transactions,  American  Society  of  Civil  Engineers,  v.  52,  p.  328  (Paper  974. 
June,   1904).      (Thirty-six  pages.) 

RAILROAD  FRANCHISE  VALUES  IN  TEXAS;  by  W.  H.  Coverdale.  Railroad 
Gazette,  v.  36,  p.  115  (Feb.  12.  1904).  (Remarks  on  the  methods  of  the  Texas 
Commission  in  the  valuation  of  railroads.) 

STATE  REGULATION  AND  VALUATION  OF  RAILWAYS  IN  TEXAS.  Engineering 
Neivs,  V.  33,  p.  152  (March  7,  1895).  (On  the  work  of  the  Railroad  Commis- 
sion ;  one  page.) 

WORK  OF  THE  TEXAS  STATE  RAILWAY  COMMISSION.  Engineering  News, 
V.  35,  p.  273  (April  23,  1896).  (On  the  valuation  work  of  the  Texas  Com- 
mission ;  one  page.) 

Union  Pacific  R.  R. 

REPORT  OF  THE  COMMISSION  AND  OF  THE  MINORITY  COMMISSIONER  Ap- 
pointed Under  the  Act  of  Congress,  Approved  March  3d,  1887,  Entitled, 
"An  Act  Authorizing  an  Investigation  of  the  Books,  Accounts  and  Methods 
of  Railroads  Which  Have  Received  Aid  from  the  United  States,  and 
for  Other  Purposes"  ;  also  Report  of  the  Inspecting  Engineer  and  Accountants. 
Washington,    1887.      (Valuation  of  the  U.    P.  Ry.) 

TESTIMONY  TAKEN  UNDER  THE  ACT  OF  CONGRESS  APPROVED  MAR.  3d,  1887, 
Entitled.  "An  Act  Authorizing  an  Investigation  of  the  Books,  Accounts  and 
Methods  of  Railroads  Which  Have  Received  Aid  from  the  United  States  and 
for  Other  Purposes."  Washington,  1887.  (50th  Congress,  1st  Sess.,  Senate 
Doc.  No.  51.)      (Testimony  taken  in  the  valuation  of  the  U.  P.   Ry.) 

M'ashington. 

*CLASSIFICATION    OF    UNITS    INVOLVED    IN    CONSTRUCTION,    AND    ADDITIONS 

and  Betterments,  Railroad  Commission  of  Washington,  1909.  Olympia, 
Wash.,   1910. 

DISCUSSION  ON  RATES  AND  RATE  MAKING;  by  J.  C.  Lawrence.  Proceedings, 
Annual  Convention  of  the  National  Association  of  Railway  Commissioners, 
1910,  p.  164.  (Method  of  the  Railroad  Commission  of  Washington  in  deter- 
mining the  reasonableness  of  rates.) 

*STATE    OF    WASHINGTON,    SECOND    AND    THIRD    ANNUAL    REPORTS    OF    THE 

Railroad  Commission  of  Washington  to  the  Governor  Covering  the  Period 
from  December  31,  1906,  to  December  31,  1907,  and  from  December  31,  1907, 
to  December  31,  1908,  pp.  13,  41,  127.  Olympia,  Wash.,  1909.  (Contains 
report  of  H.   P.  Gillette  on  valuation  of  railways  of  the  State  of  Washington.) 

Abstract.      Report    of   H.    P.    Gillette   to    the   Washington    Railroad    Commission 

on  the  Valuation  of  Railways  in  Washington.  Engineering-Contracting,  v.  31, 
p.  266    (April  7,  1909). 
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RAILROADS — SPECIAL    CASES — (.Cotitinued) . 
VALUATION  OF   RAILWAYS   IN   WASHINGTON;  by  J.   C.    Lawrence.       Railway  Age 
Gazette,  V.   48.   p.   358    (Feb.   18,   1910).      (Reasonable   railway    rates  and   how 
they  are  determined.) 

Editorial.     Valuation  and  Rate  Regulation.     Railway  Age  Gazette,  v.  48,  p.  437 

(March  4,   1910). 

(Correction.)      Railway  Age  Gazette,  v.  48,  p.  859    (April  1,  1910). 

VALUATION  OF  WASHINGTON  RAILWAYS.      Railway  Age,  v.  45,  p.   113    (Jan.  24, 

1908).      (Review  of  the  work  of  the  Washington  Railroad  Commission.) 
Wisco7isi)i. 

THE    APPRAISEMENT    OF    THE    PHYSICAL    VALUE    OF    WISCONSIN    RAILWAYS 

for  the  Purpose  of  Taxation  ;  by  W.  D.  Taylor.  Wisconsin  Engineer,  v.  8,  p.  1 
(Dec.,  1903).  (Concerning  valuation  made  by  the  Wisconsin  State  Tax  Com- 
mission,  giving  method,   organization,   etc.) 

Abstract.     Engineering  News,  v.  51,  p.   314    (March  31,  1904). 

AVERAGE   COST    PER    MILE   OF   RAILWAYS    IN   WISCONSIN    AND    MICHIGAN    AS 

Determined  by  State  Commissions.  Enginccriixj-Contrartina,  v.  27,  p.  285 
(June    26,    1907).       (One   page.) 

*FIRST    BIENNIAL    REPORT    OF    THE    WISCONSIN    TAX    COMMISSION    TO    THE 

Governor  and  Legislature,  p.  91.  Edition  2.  Madison.  Wis.,  1901.  (Con- 
tains data  on  the  method  of  determining  the  value  of  railroads.) 

* 2d,    p.    182.      Madison,    Wis.,    1903.       (Elements    of    value   of   railroad   property, 

earnings  as  a  basis  of  valuation,  market  value,   value  of  land  grants,   etc.) 

* 3d,    p.    267.      Madison.    Wis.,    1907.       (Report    of   Prof.    William    D.    Taylor,    on 

the  "Appraisal  of  the  Physical  Properties  of  Wisconsin  Railways,  1903"  ; 
twenty-six   pages.) 

* ith,    p.    121.      Madi.son,    Wis.,    1909.       (Report    by    William    D.    Pence    on    the 

"Appraisal  of  the  Physical  Properties  of  Wisconsin  Railroads,  1908"  ;  twenty- 
three  pages.) 

=f= 5th.    p.    185.      Madison,    Wis.,    1911.       (Contains    a    report    submitted    by    W.    D. 

Pence  on  "Appraisal  of  Physical  Properties  of  Wisconsin  Steam  and  Electric 
Railroads  for  the  Year  ending  June  30,   1910".) 

WISCONSIN  RAILWAY  TAXATION  BILL.  Raihcay  Age,  v.  35,  p.  364  (March  13, 
1903).  (Discussion  of  the  proposal  of  the  State  of  Wisconsin  to  base  ta.xation 
of  railroads  on  their  valuation,  and  of  the  methods  of  valuation  by  stock  and 
bond   prices   and   capitalized  net   earnings.) 

RAILROADS— UNVERIFIED  REFERENCES. 

ADMINISTRATIVE  SUPERVISION  OF  RAILWAYS  UNDER  THE  TWENTIETH  SEC- 
tion  of  the  Act  to  Regulate  Commerce  :  by  Henry  C.  Adams.  Quarterly  Journal 
of  Economics,  v.   22,   p.   364    (May,   1908). 

THE  ANATOMY  OF  A  RAILROAD  REPORT  AND  TON-MILE  COST;  by  Thomas 
Francis  Woodlock.      New   York,   1909.      (Nelson's  Wall   Street  Library,   VoL   2.) 

APPRAISING  RAILROAD  VALUES;  by  J.  D.  Evans.  Moody's  Magazine,  v.  4.  p. 
135  (July,  1907).  (States  no  fair  and  just  plan  yet  devised;  also  imprac- 
ticable  to   fix   rates  by  cost  of   service  ;    railroads   not  over-capitalized.) 

AN  ARGUMENT  AGAINST  OFFICIAL  VALUATION  OF  RAILROAD  PROPERTIES; 
by  Joseph  P.  Cotton.  In  American  Economic  Association  Bulletin,  3d  Series, 
No.    1    (April,    1910).   pp.    253-258. 

ARGUMENTS    AS    TO    THE    FAIR    TAXABLE    VALUE    OF    THE    RAILWAY    PROP- 

erty  in  Wisconsin  of  the  Chicago  &  Northwestern  Railway,  the  Chicago,  Mil- 
waukee dt  St.  Paul  Railway  and  the  Chicago,  Burlington  &  Quincy  Railroad 
Companies  ;  Submitted  by  Frank  P.  Crandon  and  others  to  State  Board  of 
Assessment   of   Wisconsin.      Madison,    Wis.,    1904. 

CIRCULAR  NO.  7,  SPECIAL  REPORT  SERIES,  UNITED  STATES  INTERSTATE  COM- 

merce  Commission.      (Dr-preiiation   blanks  sent  out  by  the  Interstate  Commerce 

Commission.) 
CIRCULAR    NO.    13,    ACCOUNTING    SERIES,    UNITED    STATES    INTERSTATE    COM- 

merce   Commission.      (Prof.   H.   C.   Adams   discusses  the  equipment  depreciation 

and   renewals  account.) 
CIRCULAR    NO.    20,    ACCOUNTING    SERIES,    UNITED    STATES    INTERSTATE    COM- 

merce    Commission. 
COST,    CAPITALIZATION    AND    ESTIMATED    VALUE    OF    AMERICAN    RAILWAYS. 

Raihcay   News,    Jan.    4,    1908. 
DEPRECIATION    IN    RAILWAY    ACCOUNTING;    by    J.    F.    Calvert.       Journal    of   Ac- 
countancy, v.    6,    p.    229    (Aug.,    1908). 
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RAILROADS — UNVERIFIED    REFERENCES — {Continued). 
THE    ECONOMICS   OF    RAILWAY    MAINTENANCE    OF    WAY;    by    W.    M.    Cunning- 
ham.     Journal   of  Accountancy,   v.    9,    p.    358    (March,    1910). 
FURTHER  HARDSHIPS  FOR  THE  RAILROADS.       Commercial  and  Financial  Chron- 
icle, June  8,  1912,  p.  1537. 
JUDICIAL    TEST  OF   A    REASONABLE    RAILROAD    RATE   AND    ITS    RELATION    TO 

a    Federal    Valuation    of    Railway    Property  ;    by    Charles    G.    Penwick.      Michi- 
gan Law  Review,  April,  1910. 
THE    LAW    RELATING   TO    THE   ASSESSMENT    AND    VALUATION    OF    RAILWAYS 

and  Stations  for  Rating  Purposes  ;   by  Walter  B.   Clode  and  Francis   H.   Cripps- 

Day.     London,   1899. 
LIFE  OF  PHYSICAL  RAILWAY   PROPERTY,  TRACK   AND   WAY   STRUCTURES;   by 

W.  J.  French.     Street  Railway  Bulletin,  Jan.,   1912,  p.  42. 
METHODS     OF     ESTIMATING     RAILROAD     VALUATION;     by     Carl     Snyder.         In 

"American   Railways   as   Investments,"    1907,    pp.    15-66. 
THE    MICHIGAN    RAILROAD    APPRAISAL;    by    Henry    Carter    Adams.      Ann    Arbor, 

19U1. 
MICHIGAN   RAILROAD   APPRAISAL;  by   Mortimer   E.   Cooley   and   Henry   C.   Adams. 

Michigan  Political  Science  Association   Publication,   June  1901,  p.   65. 
MINNESOIA    RAILWAY    VALUATION;    by    G.     O.    Virtue.       Quarterly    Journal    of 

Economics,    May,    1909.       (Six    pages.)  . 

NECESSITY    FOR   DEPRECIATION    CHARGES   ON   RAILWAYS;    by   Arthur    F.    Dodd. 

Encyclopedia  of  Accountancy,  v.   5,   p.   423. 
THE    NEEDS    OF    THE    RAILROADS;    by    Logan    G.    McPherson.       Political    Science 

Quai'terly,    v.    23,    p.    440.       (Refers    to    capitalization    as    affected    by    railroad 

development.) 
NOTES   ON    DEPRECIATION    ON    RAILWAYS;    by    Frederic    A.    Delano.      Journal    of 

Political   Economy,   v.    16,   p.    585    (Nov.,    1908). 
OFFICIAL   VALUATION  OF   RAILROAD   PROPERTIES:   DISCUSSION;   by    Edward    B. 

Whitney,    Victor    Rosewater,    Charles    F.    Matthewson,    A.    C.    Playdell,    B.    H. 

Meyer.      American   Economic   Association    Quarterly,    v.    11,   3d   Series,   pp.    259- 

289    (April,  1910). 
OUGHT  THE  RAILROADS  TO  ADVANCE  THE  RATES?  by  Samuel  O.  Dunn.     Review 

of  Reviews,   Sept.,    1910,   p.    338.      (Gives   tables   showing   comparative   costs   of 

equipment,    1900    and    1910,    and    comparative   cost    of  material    in    1900,    1907, 

and   1910.) 
OUR  RAILROADS;  by   Harry  P.  Robinson.       St.   Paul,   1890.        (A   statement  of   the 

value   and  earnings  of   railroads  of  the   Western   States;    forty-one   pages.) 
PHYSICAL  VALUATION  OF  RAILWAYS;   by   William   Z.   Ripley.       Nation,  v.    86,   p. 

209    (March  5,   1908). 
RAILROAD  CAPITALIZATION  AND  FEDERAL  REGULATION;  by  Franklin  K.   Lane. 

American  Review  of  Reviews,  v.  37,  p.    711    (June,    1908). 
RAILROAD  RATE  REGULATION.      Beale  and   Wyman,   1906. 
RAILROAD  RATES;  by  Noyes. 
RAILROAD   VALUATION;   by   Ivy   Ledbetter   Lee.       New   York,    1907. 

Banker's  Magazine,  v.   75,  p.  81   (June,   1907). 

RAILROAD  VALUATION;  by  William  Z.  Ripley.      Political  Science  Quarterly,  v.  22, 

p.  577    (Dec,  1907). 
RAILROAD  VALUATION:   Report  of  the  State  Assessors   to  the   Seventy-Hfth   Legis- 
lature of   Maine,    1911.      (Twenty   pages.) 
RAILWAY    ACCOUNTING.       Journal    of    Accountancy,    v.    6,    p.    381     (Oct.,    1908). 

(Abstract   of   paper   read   before   the   American   Association   of   Public   Account- 

ant.s. ) 

RAILWAY  CAPITAL  AND  VALUES;  by  William  Henry  Williams.  New  York, 
1908.      (Paper  read  before  the  Traffic  Club  of  New   York,   Nov.   24th,    1908.) 

RAILWAY  CAPITALIZATION;  by  H.   T.    Newcomb.       Railway    World,   June  7,    1907. 

RAILWAY  OVER^CAPITALIZATION;  by  William  L.  Snyder.  Outlook,  v.  35,  pp. 
559-562    (March  9,   1907).      (The  case  against  the  Great   Northern.) 

RAILWAY  OVERCAPITALIZATION,  A  DEFENSE  OF  THE  GREAT  NORTHERN; 
by  A.  B.  Stickney.     Outlook,  v.  85,  p.   557    (March  9,  1907). 

RAILWAY    VALUATION   AGAIN.       New    York    Sun,   Dec.   3,    1910. 

RAILWAY  VALUATION,  IS  IT  A  PANACEA?  by  Jackson  E.  Reynolds.  Columbia 
Law  Review,  v.   8,   p.   265    (April,   1908). 

RELATION  OF  VALUE  OF  RAILROADS  TO  RATE=MAKING;  by  Lucius  E.  John- 
son. (An  address  delivered  to  the  Toledo  Transportation  Club  at  its  annual 
dinner  at  the  Hotel   Secor,   Toledo,    Ohio,   Dec.   2d,    1909.) 
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RAILROADS — UNVERIFIED    REFERENCES — {Continued). 
REPLIES    OF    JUDGE    BAXTER,     MESSRS.    SlUYVESANT    FISH,     E.     P.     RIPLEY, 

Henry  Fink  and  S.  R.  Knott  to  Questions  Involving  Valuation  of  Railway 
Property  and  Reasonableness  of  Rates,  Together  with  Extracts  from  Certain 
Decisions  of  tho  Courts,  Supporting  Said  Replies;  compiled  by  Claudian  B. 
Northrup.      Washington.    1906.       (Seventy-six    pages.) 

REPORT  OF  THE  COMMITTEE  OF  THE  STATE  SENATE  OF  MINNESOTA,  Ap- 
pointed for  the  Purpose  of  Investigating  the  Value  and  Cost  of  Operation  of  the 
Railroads    of   Minnesota.      1907. 

REPORT  ON  THE  TRUE  VALUE  OF  OHIO  RAILROADS  FOR  THE  PURPOSE  OF 

Taxation,  Prepared  at  the  Request  of  Hon.  Tom  L.  Johnson,  Mayor  of  Cleve- 
land, and  with  his  Approval  as  to  Results ;  by  Gary  H.  Bemis  and  Nau. 
Cleveland,   1903. 

REPORT   TO   THE   PRESIDENT,    1911,   OF    THE    RAILROAD    SECURITIES    COMMIS- 

sion,     Arthur     T.     Hadley,     Chairman.       Washington,     1911.        (62d     Congress, 
2d    Sess.,    House    Doc.    250.)       (Physical    valuation,    pp.    17-18,    38.) 
THE    ROMANCE    OF   THE    RAILWAYS;    by    John    Moody.      Moodif's    Magazine,    v.    5 
(Jan. -Dec,    1908).       (The  Reading   System:    The   Union    Pacific   R.   R.    System; 
the  Pennsylvania  System  ;   the  Chicago,   Milwaukee   &   St.   Paul  Ry.) 

SOME  PHASES  OF  THE  AMERICAN  RAILWAY  PROBLEM.  Government,  v.  1,  p. 
7     (July,    1907).       (Valuation    of    railroads,    pp.    7-18.) 

STATE  VALUATION  OF  RAILROADS,  SOME  OF  THE  PROBLEMS;  by  Charles 
Hansel.      North  American   Review.   July   5,    1907,  pp.    185,   485. 

THE    TAXATION    OF    CORPORATE    PROPERTY    AS    SEEN    IN    THE   TAXATION    OF 

Michigan  Railroads  ;  by  Robert  H.  Shields.  Proeeedinc/s,  .Minnesota  .\cademy 
of  Sciences,  1907,  pp.  40-58. 

LES  VALEURS  DES  CHEMINS  DE  FER  ALX  EIATS=UNIS;  by  P.  Bernard.  Paris, 
1894. 

VALUATION  AND  TAXATION  OF  RAILROADS  IN  PENNSYLVANIA;  by  the  Penn- 
sylvania  Tax   Conference.      1894.      (Eighteen   pages.) 

VALUATION    OF    RAILROAD    PROPERTY,     REGULATION    OF    RATES     AND    SER- 

vices,  the  Arguments  and  Votes  Upon  the  Same  in  the  Senate  of  the  United 
States,   May   9,    12,    14   and   18,    1906  ;    by  Robert   M.   La   Follette. 

VALUATION  OF  RAILROADS  IN  MICHIGAN;  Report  of  the  Michigan  Tax  Commis- 
sioner,   1900,    p.    66  ;    1902,    p.    50. 

VALUATION  OF  RAILWAY  PROPERTY  NECESSARY  TO  FIX  REASONABLE 
Rates,  Amendments  to  the  Interstate  Commerce  Act,  Speech  in  the  Senate, 
May  25,  26  and  31,  1910  ;  by  R.  M.  La  Follette.  Congressional  Record,  61st 
Congress,   2d   Sess.,   May  31,   1910,  v,   45,   pp.   7,   139-144,   6882-6913. 

VALUATION  OF  RAILW.WS;  by  Lawrence  J.  Laughlin.  In  "Latter-Day  Prob- 
lems."     New  York,   1909.      (Reprinted   from  Scribner's  Magazine,  April.    1909.) 

VALUATION  OF  RAILWAYS,  WITH  SPECIAL  REFERENCE  TO  THE  PHYSICAL 
Valuation  in  Minnesota  ;  by  Samuel  O.  Dunn.  Journal  of  Political  Economy, 
v.    17,   p.    189    (April,    1909).      (Sixteen   pages.) 

♦VALUATION  OF  TERMINAL  LANDS;  by  John  Earl  Baker.  Journal  of  Account- 
ancy, V.  8,  p.  237  (Aug.,  1909).  (Supplement  to  Annual  Report,  Minnesota 
Railroad    and    Warehouse    Commission,     1908;    thirteen    pages.) 

VALUE  OF  RAILROAD  PROPERTY;  by  W.  S.  Harries.  American  Railroad  Man- 
agement, 1907.  (Abstract  of  paper  read  before  the  American  Railway  Associa- 
tion.) 

VALUING  THE  RAILROADS.  "  American  Review  of  Reviews,  v.  39,  p.  379  (March. 
1909). 

WHAT  ARE  RAILROADS  WORTH?  by  Henry  L.  Gray.  Saturday  Evening  Post, 
June   17.    1911. 

STEAM  POWER. 

COMMERCIAL    ECONOMY    IN    STEAM    AND    OTHER    THERMAL    POWER-PLANTS 

as  Dependent  upon  Physical  Efficiency,  Capital  Charges  and  Working  Costs ; 
by  Robert  H.  Smith.     A.   Constable  &  Co.,   Limited,   London,   1905. 

DEPRECIATION  OF  PRIME  MOVERS.  (Editorial.)  Electrical  Review  a7id  West- 
ern  Electrician,   v.    54.    p.    i;()l    (April   3,    1909).      (One   and   one-half   columns.) 

DEPRECIATION  OF  STEAM  PLANT.  Electric  Railway  Review,  v.  19,  p.  360 
(March  31,  1908).  (Opinion  of  Charles  T.  Main  on  life  of  parts  of  steam 
plant;     one    paragraph.) 

Depreciation  of  Power  Plant  Equipment ;  by  Charles  T.  Main.  Electric  Trac- 
tion  Weekly,  v.   4,   p.   456    (May   7,    1908). 
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STEAM    POWER — (.Contimied) . 
STANDARDIZATION  OF  METHODS  FOR  DETERMINING  AND  COMPARING   POWER 

Costs  in  Steam  Plants ;  by  H.  G.  Stott  and  W.  S.  Gorsuch.  Proceedings, 
American  Institute  of  Electrical  Engineers,  v.  32.  p.  1097  (May,  1913). 
(Method  of  determining  costs  bv  groups  and  individual  items  and  equitable 
basis  of  comparing  costs  of  power  in  different  plants  and  under  different 
conditions.) 

Editorial.     Engineerinq  Record,  v.  67,  p.   567    (May  24,  1913). 

STEAM  POWER  PLANT  ENGINEERING,  p.  624  ;  by  G.  P.  Gebhardt.  John  Wiley 
&  Sons,  New  York,  1908.  (Contains  chapter  on  finance  and  economics  of 
power  plants  including  table  of  rate  of  depreciation,  and  one  of  life  of  various 
portions   of   steam   power   plant   equipments.) 

STEAM  POWER-UNVERIFIED  REFERENCES. 

DEPRECIATION  OF  POWER  PLANT  EQUIPMENT;  by  Charles  T.  Main.  Electric 
Traction   Weekly,  v.  4,   p.   456    (May   7,   1908). 

STREET  AND  INTERURBAN  RAILROADS— GENERAL. 

ACCOUNTING  VERSUS  STATISTICS.  Electric  Railway  Journal,  v.  41,  p.  803 
(May  3,  1913).  (Instances  where  standard  classification  makes  it  impossible 
to  compare  justly  energy  production  costs  and  other  data  of  electric  railways.) 

ACTUAL  FIGURES  OF  EXISTING  STREET  RAILWAYS;  by  H.  G.  Bradlee.  Aera, 
V.  1,  p.  392  (Dec,  1912).  (Includes  percentage  return  on  company's  invest- 
ment which  must  be  earned  to  provide  for  taxes,  depreciation,  obsolescence 
and  to  attract  capital  freely  to  the  business ;  names  of  companies  are  not 
given.) 

APPRAISALS  OF  ELECTRIC  RAILWAY  PROPERTIES;  by  D.  C.  Jackson.  Elec- 
tric Railway  Journal,  v.  32,  p.  1283  (Oct.  31,  1908).  (Abstract  of  an  address 
before  the  New  England   Street  Railway  Club;   one  page.) 

CALCULATING  DEPRECIATION;  by  R.  W.  Western.  Tramioay  and  Railway 
World,  v.  23,  p.  456  (June  4,  1908).  (Formula  for  estimating  depreciation 
in  street  railways.) 

CONSTRUCTION  AND  DEPRECIATION;  by  A.  S.  Atkinson.  Electric  Traction 
Weekly,  v.  5,  p.   919   (July   17,  1909).    (Refers   to  street  railways.) 

THE  COST  AND  SALE  OF  ELECTRIC  POWER;  by  G.  H.  Kelsay.  Electric  Railway 
Review,  v.  17,  p.  126  (Jan.  26,  1907)  ;  Street  Railway  Journal,  v.  29,  p.  207 
(Feb.  2,  1907).  (Discusses  interest  and  depreciation;  paper  read  before  the 
Central   Electric  Railway  Association.) 

THE  COST  OF  CARRYING  A  PASSENGER;  by  C.  L.  S.  Tingley.  Proceedings, 
Street  Railway  Accountants  Association,  1905,  p.  163.  (Table  of  allowances 
for  depreciation  from  book  by  Philip  Dawson,  and  comments  on  depreciation 
in  street   railway  property.) 

DEPRECIATION.  (Editorial.)  Electric  Railway  Review,  v.  16,  p.  452  (Aug., 
1906).      (Discusses  depreciation   in   relation  to   street   railways.) 

DEPRECIATION.  (Editorial.)  Electrical  Review  (London),  v.  61,  p.  2  (July  5, 
1907).  (States  that  the  definite  and  continued  application  of  some  reason- 
ably probable  approximation  to  the  average  depreciation  of  tangible  assets 
is  wanted  in  England   and  America.) 

DEPRECIATION.  (Editorial.)  Street  Railway  Journal,  v.  23,  p.  760  (May  21, 
1904).      (A  review  of  European  practice.) 

DEPRECIATION;  by  C.  N.  Duffy.  Electric  Railway  Journal,  v.  35,  p.  184  (Jan. 
29.  1910).  (Brief  abstract  of  discussion  before  the  Wisconsin  Electrical  Asso- 
ciation  on   depreciation   in  street   railways.) 

DEPRECIATION;  by  H.  E.  Weeks.  Report  of  the  Seventh  Annual  Convention, 
Iowa  Street  and  Interurban  Railway  Association,  p.  59  (1910).  (Discusses 
the  subject  in   general,   length   of   life  of  property,   etc.) 

Abstract.     Electric  Railway  Journal,  v.   35,   p.    782    (April  30,   1910). 

Discussion.     Electric  Railway  Journal,  v.   35,  p.   779    (April   30,   1910). 

DEPRECIATION  AND  PERMANENT  RENEWAL  FUND.  Street  Railway  Bulletin, 
V.  6,  p.  298    (May,   1907).      (Depreciation   in  street  railways.) 

DEPRECIATION  AND  PUBLICITY  IN  IOWA.  Electric  Railxoay  Review,  v.  19,  p. 
523  (May  2,  1908).  (Resolution  recommending  provision  of  an  annual  ap- 
propriation for  a  depreciation  reserve,  separate  from  the  maintenance  account.) 
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STREET    AND    INTERURBAN    RAILROADS— GENERAL— (CoMtinwed) . 
DEPRECIATION    AND    RENEWALS   FUND    IN    RELATION    TO    TRAMWAYS   UNDER- 

takiiig-s;  by  G.  W.  Holtord.  ElcctriLiun,  v.  57,  p.  938  (Sept.  28,  1900): 
Electric  Railway  Review,  v.  Iti,  p.  906  (Nov.,  1906)  ;  Electrical  Engineer 
(London),  v.  38,  p.  441  (Sept.  28,  1906)  ;  Tramway  and  Railway  World,  v.  20, 
p.  363  (Oct.  4,  1906).  (Paper  read  before  the  Municipal  Tramways  Associa- 
tion ;  contains  table  showing  provision  made  for  depreciation  in  street  railways 
in   sixty  cities   in   Great  Britain.) 

Abstract.      Street   Raihcay  Journal,   v.    28,    p.   529    (Oct.    6,    1906). 

Editorial.     Electric  Railway  Review,  v.  16,  p.  887   (Nov.,  1906). 

DEPRECIATION  AND  SINKING  FUNDS;  by  C.  A.  Smith.  Electric  Railway  Journal, 
V.  40,  p.  121  (July  27,  1912).  (Refers  to  depreciation  in  street  railway 
plants). 

Canadian  Engineer,  v.   23,   p.   299    (Aug.   3,    1912). 

DEPRECIATION  AS  APPLICABLE  TO  ELECTRIC  RAILWAYS;  by  M.  Haselmann. 
Street  Railway  Journal,  v.  28,  p.  1003  (Nov.  24,  1906).  (Depreciation  on 
railways    of    (Continental    Europe.) 

Discussion.     Street  Railway  Journal,  v.   24,  p.  830   (Nov.  5,  1904). 

DEPRECIATION  AS  APPLICABLE  TO  ELECTRIC  RAILWAYS;  by  Robert  N.  Wallis. 
Proceedings.  American  Street  and  Interburban  Electric  Accountants  Associa- 
tion,  1906,   p.   168. 

Abstract.     Electric  Railway  Review,  v.  17,  p.   526    (April  20.  1907). 

EJditorial.      Maintenance    and    Depreciation.      Electric   Railway    Review,    v.    17. 

p.    513    (April    20,    1907). 

Discussion.      American    Notions  on  Depreciation.      Electrical  Review    (London), 

v.  60,   p.   75.7    (May  10,   1907).      (Discussion  of  a  paper  by  R.  N.  Wallis.) 

DEPRECIATION  FROM  A  MANAGER'S  POINT  OF  VIEW.  Stone  and  Webster 
Public  Service  Journal,  v.  1.  p.  69  (Aug.,  1907).  (Method  of  allowing  for 
depreciation    in   street   railways;    very   brief.) 

DEPRECIATION  IN  ELECTRIC  RAILWAY  ACCOUNTING;  by  Daniel  Royse.  Report 
of  the  Fifth  Annual  Convention,  Iowa  Street  and  Interurban  Railway  Associa- 
tion,  p.    30    (1908).      (Gives  theory   and   classification   of  accounts;    six   pages.) 

Abstract.      Electric  Railway  Journal,   v.    31.   p.    687    (April   25,    1908). 

DEPRECIATION  OF  ELECTRIC  RAILWAY  EQUIPMENT.  Electric  Traction  Weekly, 
V.  5.  p.  736  (July  17,  1909).  (Average  percentage  of  first  cost  of  various 
items  of  equipment  to  be  set  aside  as  an  annual  reserve  to  the  depreciation 
fund  for  the  renewal  of  these  items.) 

DEPRECIATION  OP  ELECTRIC  RAILWAYS.  (Editorial.)  Electrical  Review  and 
Westerti  Electrician,  v.  55.  p.  J.  (July  3,  1909).  (Life  and  annual  percentage 
of  depreciation  for  buildings,  power  plant  equipment,  track  and  paving ;  very 
brief.) 

THE  DEPRECIATION  PROBLEM.  (Letter)  ;  by  H.  S.  Knowlton.  Street  Railway 
Journal,  v.  24,  p.  101  (July  16,  1904).  (Considers  the  necessity  of  deprecia- 
tion  records.) 

THE  DEPRECIATION  PROBLEM;  by  William  B.  Jackson.  In  "Electric  Railway 
Transportation."  p.  31.  Annal.<i.  American  Academy  of  Political  and  Social 
Science,  v.  37,  No.  1  (Jan.,  1911).  (Refers  to  depreciation  in  connection  with 
the  valuation  of  electric  railways;   eleven  pages.) 

Canadian  Engineer,  v.   20.   p.   353    (Feb.   23,   1911). 

DEPRECIATION,  RESERVES  AND  SINKING  FUNDS;  by  W.  O.  Strangward.  Elec- 
tric Raihcay  Journal,  v.  -10,  p.  123  f.Iuly  27,  1912).  (Discusses  reserves  for 
depreciation,    renewals    and    obsolescence.) 

DEPRECIATION.  SOME  THOUGHTS  ON  POLICY  AND  PRACTICE.  Municipal 
Journal  (London),  v.  12,  p.  773  (.Vug.  28.  1903).  (Comparison  between 
Glasgow   and    Bolton    systems   of   allowing   for   depreciation    in    street    railroads.) 

A  DISCUSSION  OF  THE  DEPRECIATION  PROBLEM  WITH  PARTICULAR  REFER- 
ence  to  Electric  Railways  ;  by  William  B.  .lackson.  Engineering  and  Con- 
tracting. V.    35,   p.   176    (Feb.    8.   1911).       (Two   pages.) 

THE  ECONOMICAL  LIFE  OF  CAR  MOTORS.  (Editorial.)  Electrical  Review 
(London),   v.    63,   p.    914    (Nov.    27.    1908).      (One-half  column.) 

ELECTRIC   RAILWAY    ACCOUNTING;    by   A.    L.    Linn.       Electric   Railway   Journal, 

V.    34.    pp.    30,    36     (July    3.     1909).       (Includes    discussion    on    depreciation; 

abstract    of    paper    read    before    the    Street    Railway    Association    of    the    State 

of   New   York.) 
ELECTRIC    RAILWAY    APPRAISALS.       (Editorial.)       Electric  Railway  Journal,   v. 

30,  p.  905    (Nov.  2,  1907).      (Discusses  object  of  appraisal,  use  of  records,  etc.; 

one  page.) 
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ELECTRIC  RAILWAY  APPRAISALS.  (Editorial.)  Electric  Railway  Journal,  v. 
31,    p.    446    (March   21,    1908).    (One   column.) 

ELECTRIC  TRAMWAY  ACCOUNTING  AND  FINANCE.  Electrical  Review  (Lon- 
don), V.  61,  p.  959  (Dec.  13,  1907).  (Contains  a  brief  reference  to  deprecia- 
tion allowance.) 

ELECTRICAL  ENGINEER'S  POCKET=BOOK,  p.  498  ;  by  Horatio  A.  Foster.  Edition 
6.  D.  Van  Nostrand  Co.,  New  York,  1905.  (Contains  table  on  approximate 
rate  of  depreciation  on  electric  street  railways.) 

ENGINEERING  AND  ELECTRIC  TRACTION  POCKET=BOOK,  p.  914  :  by  Philip 
Dawson.  Edition  4.  John  Wiley  &  Sous.  New  York,  1906.  (Gives  various 
tables  including  durability  of  railroad  ties  and  approximate  life  of  various 
parts  of  plant.) 

EQUITABLE    CHARGES    FOR    TRAMWAY    SUPPLY;    by    H.    B.    Yerbury.       .Journal, 

Institution   of  Electrical   Engineers,   v.   44,   p.    576    (1910).      (Valuation    cost  of 

street   railway   plants   as   a   basis   for   rates.) 

Tramway  and  Raihvay   World,  v.   27,   p.   108    (Feb.   10,   1910). 

FOR    IMMEDIATE    DEPRECIATION    ACCOUNTS.        (Editorial.)        Electric    Railway 

Review,  v.  18,  p.   182   (Aug.  17,   1907).      (On  necessity  of  depreciation  accounts 

for   electric   railways;    one  column.) 

HOW  SHOULD  DEPRECIATION  BE  ENTERED  ON  THE  BOOKS.  (Editorial.) 
Street  Raihcay  Review,  v.  14,  p.  523  (Aug.  20,  1904).  (Question  as  to 
whether  property  of  street  railway  company  should  stand  on  books  forever  at 
the  original  cost  or  whether  tlie  account  should  be  reduced  from  year  to  year 
to   allow   for  depreciation.) 

INTANGIBLE    VALUE    OF    ELECTRIC    RAILWAYS    AND    THEIR    DETERMINATION 

From    Accounts  ;     by    William    J.     Hagenah.       Proceedings,    American    Electric 
Railway    Accountants'    Association,    1912,    p.    60.       (Elements    of    reproduction 
cost,    analysis   of   accounts,    economic    waste    of   competition,    discount   on    bonds, 
unacceptable  deficits,   and  going  costs.) 
Abstract.      Electric  Railway  Journal,   v.   40,   pp.   698,   715    (Oct.    9,    1912). 

Editorial.      Stone   and    Webster   Public    Service    Journal,    v.    11,    p.    901    (Nov., 

1912). 

LOGICAL    BASIS    FOR    VALUATIONS    OF    INTERURBAN    STREET    RAILWAYS;    by 

C.  G.  Young.  Electric  Raihcay  Journal,  v.  37,  p.  115  (Jan.  21,  1911).  (Ex- 
plains the  purpose  of  valuation,  discussing  the  fair  rate  of  return,  and  the 
principal   methods   used   in    valuation   of   properties;    three    pages.) 

Electric  Traction  Weekly,  v.  7,  pp.  67,   99    (Jan.  21,   28,   1911). 

Electrical   Review    and    Western    Electrician,    v.    58,    p.    180    (Jan.    28,    1911). 

Engineering  News,  v.   65,   p.   141    (Feb.   2,   1911). 

Discussion.      Electric  Railway  Journal,   v.    37,   p.    162    (Jan.    28,    1911). 

OBSOLESCENCE  IN  CARS.  (Editorial.)  Electric  Raihvay  Journal,  v.  40,  p.  239 
(Aug.  17,  1912).  (The  effect  on  valuation  of  changing  from  old  to  new 
equipment.) 

POLICY  OF  ENGLISH  MUNICIPAL  TRAMWAYS  RESPECTING  RENEWALS.  Elec- 
tric Raihcay  Journal,  v.  38,  p.  661  (Oct.  7.  1911).  (Abstract  of  P^inance  and 
Policy,  by  James  H.  Rodgers  ;  paper  read  before  the  Municipal  Tramways 
Association.) 

QUESTION  BOX  OF  THE  CENTRAL  ELECTRIC  RAILWAY  ACCOUNTANTS  Asso- 
ciation. Electric  Railway  Journal,  v.  39,  p.  742  (May  4,  1912).  (How  to 
determine  the  actual  value  of  stocks  and  bonds.) 

REDUCING    THE   COST    OF    DEPRECIATION   ON    ELECTRIC    RAILWAYS;    by    A.    S. 

Atkinson.  Street  Railway  Bulletin,  v.  6,  p.  80  (Feb.,  1907).  (One  and  one- 
half  pages.) 

REPORT  OF  SUB-COMMITTEE  ON  WHAT  CONSTITUTES  MAINTENANCE.  Pro- 
ceedings, American  Electric  Railway  Engineering  Association,  1911,  p.  342. 
(Includes  discussion   referring  to  depreciation.) 

Abstract.     Electric  Railway  Journal,  v.   38,   p.   766    (Oct.   12,   1911). 

RESOLUTION  ON  DEPRECIATION  AND  PUBLICITY.  Street  Railway  Journal,  v. 
31,  p.  789  (May  9,  1908).  (Resolutions  of  the  Iowa  Street  and  Interurban 
Association;   very  brief.) 

ROLLING  STOCK  DEPRECIATION.  (Editorial.)  Street  Railway  Journal,  v.  30, 
p.   240    (Aug.   17,    1907). 

SOME  FUNDAMENTAL  CONSIDERATIONS  IN  DEPRECIATION.  (Editorial.)  Elec- 
tric Railway  Review,  v.  17,  p.  144  (Feb.  2,  1907).  (Method  of  accounting 
for    depreciation.) 
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SPECIAL  REPORTS,  STREET  AND  ELEC IRIC  RAILWAYS,  1907,  p.  165.  United 
States  lUiioau  of  the  Census.  Washington,  l'.no.  (iJetinition,  object  and  meth- 
ods allowing  for  depreciation  in  electric  railway  property  and  e.stimated  per 
cent,  for  depreciation  allowed  by  the  Chicago  Union  Traction  Co..  thf  Third 
Avenue    R.    R.    of    New    York,    and    the    Milwaukee    Electric    Ry.    &    Light    Co.) 

STREET  RAILWAY  ACCOUNTING;  by  A.  S.  Michenner.  Stu7ie  and  Webster  Pub,- 
lic  Service  Journal,  v.  3,  p.  92  (Aug.,  1908).  (Paper  read  before  the  Massa- 
chusetts Institute'  of  Technology  ;  refers  to  classification  of  accounts,  including 
allowance  for  depreciation.) 

A    THEORETICAL    BASIS    FOR    DETERMINING    FARES   ON    PROPERTIES    HAVING 

Annual  Gross  Earnings  of  from  $100  OoO  to  $5  000  000  ;  by  C.   N.  Duffy.     Pro- 

cceditujs,    American    Electric    Railway    Association,    1912,    p.    246.       (Data    on 

cost  of  providing  the  service.) 

Abstract.      Electric  Kailwaji  Journal,   v.    40,   p.    1103    (Nov.    30,    1912). 

TRAMWAY    DEPRECIATION;   by   A.    J.   J.    Pfeiffer.       Tramway  and   Railway    World. 

V.   2S,   p.   61    (Aug.   4,   1910).      (A   discussion  of  the  subject   from  the  viewpoint 

of  conditions   in   Great   Britain  ;   theoretical.) 
TRAMWAYS    DEPRECIATION.       (Editorial.)       Municipal   Journal    (London),    v.    11, 

p.    2S7    (.-Vpril    4,    1902).      (Discussion   of   necessary   allowance    for   depreciation 

in    street    railways.) 

TREATMENT  OF  DEPRECIATION  OF  STREET  RAILWAY  PROPERTIES;  by  Frank 
R.  Ford.  En<iincerinfi-Conlracting,  v.  38,  p.  560  (.June  15,  1910).  (From  a 
paper  read  before  the  American  Street  and  Interurban  Railway  Association, 
January,    1910  ;    three    pages.) 

Electric   Railway   Journal,    v.    35,    p.    2S4    (Feb.    12,    1910). 

♦UNIFORM    CLASSIFICATION    OF    ACCOUNTS    FOR    ELECTRIC    RAILWAYS,    PRE- 

scribed  by  the  Railroad  Commission  of  Wisconsin,  January,  1909.  Edition  2. 
Madison,  Wis.,  1912.  (Includes  treatment  of  reserve  accounts,  depreciation, 
sinking  fund  and  amortization.) 

VALUATION  AND  RATES.  (Editorial.)  Street  Railway  Journal,  v.  30,  p.  307 
(Aug.  31,  1907).  (On  the  similarity  of  street  and  steam  railroad  valuation; 
one    and    one-half    columns.) 

VALUATION  OF  A  SHORT=TERM  FRANCHISE.  (Editorial.)  Electric  Railway 
Review,  v.  17,  p.  "313  (March  9,  1907).  (Should  reconstruction  and  renewals 
be  charged  to  capital  accounts  or  provided  for  out  of  earnings,  etc.) 

VALUATION  OF  INTANGIBLE  STREET  RAILWAY  PROPERTY;  by  Frank  R.  Ford 
In  "Electric  Railway  Transportation,"  p.  119.  Annals,  American  Academy  of 
Political    and    Social    Science,    v.    37,    No.    1    (Jan.,    1911).       (Twenty-two   pages.) 

WHERE  MAINTENANCE  ENDS  AND  DEPRECIATION  BEGINS;  by  J.  H.  Neal. 
Proceedings,  American  Street  and  Interurban  Railway  Accountants'  Association, 
1907.   p.   195.      (Discusses  the   relation   between   maintenance   and   depreciation.) 

Street  Railway  Journal,  v.   30,   p.   700    (Oct.    19,    1907). 

WORK  OF  VALUATION  OF  ELECTRIC  RAILWAY  PROPERTY;  by  H.  R.  Ralph 
Badger.  Electric  Traction  Weekly,  v.  6,  p.  197  (Feb.  19,  1910).  (Methods 
of  determining  physical  and  intangible  values.) 

United  States  Interstate  Commerce  Commission. 

ACCOUNTING  CIRCULAR  OF  THE  INTERSTATE  COMMERCE  COMMISSION.  Elec- 
tric Railway  Review,  v.  19,  p.  26(;  (Feb.  29,  1908).  (Classification  of  ac- 
counts for  electric  railways,  including  depreciation  accounts,  from  Circular 
No.   20  of  the  U.  S.   Interstate  Commerce  Commission.) 

ACCOUNTING  FOR  DEPRECIATION  AS  PRESCRIBED  BY  THE  INTERSTATE  COM= 
merce  Commission.  (Editorial.)  Electric  Railway  Revietv.  v.  16,  p.  32  (July 
13,  1907).  (Comments  on  paper  by  H.  J.  Davies,  who  outlined  a  method  of 
providing  for  depreciation   or   renewal   reserves  for   an   electric   railway.) 

CONFERENCE    ON    STANDARD    ACCOUNTS    WITH    THE    INTERSTATE    COMMERCE 

Commission.  Street  Raihcay  Journal,  v.  31,  p.  860  (May  23,  190S).  (Tenta- 
tive classification    of   operating  e.xpenses   of   electric    railways.) 

HEARING  ON  DEPRECIATION  OF  EQUIPMENT  ACCOUNTS.  Street  Railway  Bulle- 
tin, V.  7,  p.  390  (July,  1908).  (Committee  of  the  American  Railway  Associa- 
tion ;    hearing   before   the    Interstate   Commerce   Commission.) 

THE  INTERSTATE  COMMERCE  CLASSIFICATION.  (Letter)  ;  by  H.  M.  Kocher- 
sperger.  Street  Railway  Journal,  v.  31,  p.  729  (May  2,  1908).  (On  the  in- 
applicability of  the  classification  to  electric  railways.) 

INTERSTATE  COMMERCE  CLASSIFICATION.  (Letter)  ;  by  Thomas  Yapp.  Assist- 
ant Secretary,  Minnesota  Railroad  and  Warehouse  Commission.  Electric  Rail- 
xcay  Journal,  v.  32,  p.  124  (June  20,  1908).  (Contains  opinion  on  deprecia- 
tion  accounts.) 
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STREET    AND    INTERURBAN    RAILROADS— GENERAL — (Co?itmMe(7). 
THE    INTERSTATE    COMMERCE    CLASSIFICATION    OF    ACCOUNTS.       (Letter)  ;    by 
W.    W.   May.     Street   Railway  Journal,   v.   31,    p.   613    (April    11,    1908).      (Ob- 
jections to  the  system  of  accounting  prescribed  in  Accounting  Circular  No.   20, 
U.  S.  Interstate  Commerce  Commission.) 

MILWAUKEE   ELECTRIC   RAILWAY   &    LIGHT   COMPANY'S   REPLY   TO    ACCOUNT- 

ing  Circular;  by  C.  N.  Duffy.  Electric  Railway  Journal,  v.  19,  p.  419  (April  4, 
1908).  (Reply  to  Accounting  Series  Circular  No.  20  of  the  U.  S.  Interstate 
Commerce  Commission.) 

REPORT  ON  INTERSTATE  ACCOUNTING  SYSTEM;  by  H.  E.  Adams.  Electric 
Railway  Journal,  v.  34,  p.  218  (Aug.  7,  1909).  (Statement  regarding  the 
classification  of  accounts  of  electric  railways  required  by  the  Interstate  Com- 
merce Commission  with  paragraphs  on  depreciation  and  valuation.) 

REVISED  CLASSIFICATION  OF  ACCOUNTS  FOR  ELECTRIC  RAILWAYS.  Electric 
Railway  Review,  v.  19,  p.  624  (May  23,  1908).  (Classification  of  the  Inter- 
State   Commerce   Commission,    effective   as   of   Oct.    1,    1908.) 

SUIT    AGAINST    CLASSIFICATION    OF    ADDITIONS    AND    BETTERMENTS    OF    THE 

Interstate  Commerce  Commission.  Electric  Railway  Journal,  v.  38,  p.  1067 
(Nov.  18,  1911).      (One-half  column.) 

STREET  AND  INTERURBAN  RAILROADS— SPECIAL  CASES. 

Augusta- Aiken  Ry.   &   Electric  Co. 

INSURANCE  FUND  AND  DEPRECIATION  RESERVES.  (Letter)  ;  by  John  Blair 
MacAfee.  Street  Railway  Revieio,  v.  15,  p.  292  (May  15,  1905).  (Plans  of 
the  Augusta-Aiken  Ry.  &  Electric  Co.  for  taking  care  of  depreciation.) 

Boston  Elevated  Ry. 

HEARING  ON  ELECTRIC  RAILWAY  MAIL  PAY.  Electric  Railway  Journal,  v.  41, 
p.  291  (Feb.  15,  1913).  (Details  of  estimated  cost  of  operation  of  present 
typo  of  mail  car  on  Boston  Elevated  Ry.  ;  car,  power,  track  investment,  etc.  ; 
includes   per  cent,   allowed   for  depreciation   in  each   case.) 

Brooklyn,  N.  Y. 

ALLOWANCE  FOR  OBSOLESCENCE  UPHELD  IN  FRANCHISE  TAX  CASE.  Elec- 
tric  Railway  Journal,  v.  36,  p.  1154  (Dec.  10,  1910).  (Decision  of  New  York 
Supreme   Court   in   favor   of  Brooklyn    Rapid   Transit    Co.;    one-half   page.) 

APPROXIMATE     VALUE     PLACED     ON     PHYSICAL     PROPERTY     OF     BROOKLYN 

Transit  System.  Electric  Railwaii  Journal,  v.  34,  p.  1261  ;  v.  35.  pp.  156,  248 
(Dec.  25,  1909;  Jan.  22,  Feb.  5,  1910).  (Testimony  of  B.  J.  Arnold  and 
T.  S.  Williams  before  New  York  Public  Service  Commission.) 
HEARING  ON  VALUATION  OF  CONEY  ISLAND  AND  BROOKLYN  R.  R.  Electric 
Railway  Journal,  v.  34,  pp.  377,  398,  437,  469,  878,  1108,  1148,  1188,  1263; 
V.  35,  pp.  104,  460  (Sept.  4,  11,  18,  25,  Oct.  16,  Nov.  27,  Dec.  4,  11.  25.  1909; 
Jan.  15,  March  12,  1910).  (Hearing  before  the  New  York  Public  Service  Com- 
mission,   First   District.) 

MAY  RESERVE  FUND  TO  RENEW  OBSOLETE  EQUIPMENT.  Electric  Traction 
V/eekly,  v.  6,  p.  1473  (Dec.  31,  1910).  (Decisions  of  the  Supreme  Court  at 
Albany  that  there  may  be  a  deduction  for  obsolescence  as  distinguished  from 
depreciation  in  connection  with  the  valuation  of  special  franchise  of  the 
Brooklyn  Rapid  Transit  Co.) 

*RE  MacREYNOLDS  V.  BROOKLYN  UNION  ELEVATED  RAILROAD  COMPANY 

(Case   353).      Reports    and   Decisions   of   the   Public    Service   Commission,    First 
District  of  the  State  of  New  York,   v.   2,   p.   246.      New  York,   1912.      (Relation 
of  fares  and  the  valuation  of  Brooklyn  Union  Elevated  R.  R.  Co.) 
*RE     MONHEIMER     V.     CONEY     ISLAND     &     BROOKLYN     RAILROAD     COMPANY 

(Case  350).  Reports  and  Decisions  of  the  Public  Service  Commlsison,  First 
District  of  the  State  of  New  York,  v.  1  p.  705.  New  York,  1912.  (Valuation 
of  the  Coney  Island  &  Brooklyn  R.  R.  Co.  in  relation  to  fares.) 

* A    Ten-cent    Fare    to    Coney     Island    Upheld     by    Public     Service    Commission 

Electric  Railway  Journal,  v.  35,  p.  456  (March  12,  1912).  (Decision  of  Com- 
mission after  considering  the  testimony  as  to  the  value  of  the  Brooklvn  Rapid 
Transit  Co.) 

THEORY  OF  STREET  RAILWAY  RATE  REGULATION  AS  DEVELOPED  IN  THE 

Coney  Island  Fare  Case  ;  by  Frank  R.  Ford.  Proccedinas.  American  Street  and 
Interurban  Railway  Association,  v.  29,  p.  159  (1910).  (On  valuation; 
twelve  pages.) 

Electric    Railway    Journal,    v.    36,    pp.    712,    752     (Oct.    12,    1910). 
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STREET  AND  INTERURBAN  RAILROADS— SPECIAL  CASES— (Continued) . 

Buffalo,   iV.    Y. 

DEPRECIATION     CHARGES     OF     THE     INTERNATIONAL     TRACTION     COMPANY. 

(Editorial.)  Electric  Raihray  Review,  v.  19,  p.  472  (April  IS,  1908).  (The 
(lotinite  policy  of  the  International  Traction  Co.  of  Buffalo,  in  accounting  cur- 
rently   for    depreciation.) 

FURTHER  TESTIMONY  IN  BUFFALO  REORGANIZATION  CASE;  by  F.  A.  Sager. 
Electric  Railtcay  Journal,  v.  39,  p.  246  (Feb.  10,  1912).  (Reviews  methods 
followed  in  the  inventory  of  the  physical  property  of  the  International  Traction 
Co.) 

HEARING     IN     BUFFALO     ON     INTERNATIONAL     TRACTION      REORGANIZATION. 

Electric  Railuai/  Journal,  v.  .38,  pp.  910,  991  (Oct.  21,  Nov.  4,  1911).  (An 
account  of  the  tnethods  used  by  B.  J.  Arnold  in  determining  the  cost  to  produce 
new   the   physical   property  of  the   International   Traction   Co.   of   Buffalo.) 

Editorial.      Values  Claimed  by   the  Buffalo   Plan.      Electric  Raihcay  Journal,  v. 

38,   p.   976    (Nov.   4,   1911). 

California. 

*ORDER   OF   CALIFORNIA    COMMISSION    REQUIRING   VALUATIONS   OF    ELECTRIC 

Railways.      Electric  Raihcay  Journal,   v.   40,   p.    1027    (Nov.    16,   1912). 

Cardiff,   Wales. 

CARDIFF  TRAMWAYS  FINANCE.  Electrical  Engineer,  v.  44,  p.  879  (Dec.  24, 
1909).    (Discusses  depreciation   of  electric   railway   at   Cardiff.) 

DEPRECIATION,  INTERESTING  REPORT  FROM  CARDIFF.  Municipal  Journal 
(London),  v.  16  p.  1083  (Dec.  20,  1907).  (.Allowance  for  depreciation  con- 
sidered  to   represent  fair  wear  and   tear.) 

DEPRECIATION   OF   CARDIFF   ELECTRIC   TRAMWAY   AND   LIGHTING   UNDERTAK- 

ings.  Electric  Railway  Rr\-iciv.  v.  19.  p.  16  (.Jan.  4,  1908).  (Abstract  from 
Electrical   Engineer    (Ijondon)    giving   details   of   depreciation    of    equipment.) 

DEPRECIATION  OF  CARDIFF  PROPERTIES.  Electric  Railway  Journal,  v.  36,  p. 
409  (Sept.  10,  1910).  (Brief  report  on  the  street  railway  of  Cardiff  in  rela- 
tion  to   depreciation.) 

TRACK  DEPRECIATION  AT  CARDIFF;  by  .John  Allcock.  Tramway  and  Raihcay 
World,  V.   27,   p.   30    (Jan.   6,   1910).      (Brief  statement.) 

Chicago,  III. 

THE  BASIS  OF  VALUATION  IN  THE  CASE  OF  MUNICIPAL  PURCHASE  OF  STREET 

Railways  :  by  Sidney  Ossoski.  Electric  Raihcay  Journal,  v.  36,  p.  999  (Nov.  12, 
1910).  (Discusses  methods  of  valuation  using  street  railways  of  Chicago  and 
Cleveland  as  examples  ;  two  pages.) 

CHICAGO  ELEVATED  RAILWAY  VALUATION.  Electric  Railway  Journal,  v.  39, 
p.  1087  (.Tune  22,  1912).  (Elements  entering  into  the  value  of  each  piece  of 
property  in  real  estate  valuation.) 

Abstracts.     Reports    of    Appraisal    of    the    Physical    Properties    of    the    Elevated 

Railways  of  Chicago.  Engineering  and  Contracting,  v.  37  (May  15,  1912)  ;  The 
Valuation  of  the  Elevated  Railroads  of  Chicago.  Enginecrinci  Record,  v.  65,  p. 
552    (May  18,  1912). 

Editorial.     Engineering   Record,   v.   65,    p.    534    (May   18,    1912).      (Very   brief.) 

CHICAGO     ELEVATED     RAILWAYS,     REPORT     ON     VALUATION     OF     PHYSICAL 

Property  Including  Real  Estate  and  Rights  of  Way  of  the  South  Side  Elevated 
Railroad  Company.  Metropolitan  West  Side  Elevated  Railway  Company,  North- 
western Elevated  Railroad  Company  and  Chicago  &  Oak  Park  Elevated  Rail- 
road Companv,  to  the  Local  Transportation  Committee  of  the  Citv  Council  of 
Chicago,  April  30,  1912.  Reprinted  May  9,  1912,  with  the  Addition  of  the 
Final  Figures  of  the  Valuation  Commission  ;  by  George  F.  Swain.    Chicago,  1912. 

CHICAGO  ELEVATED  RAILWAYS  VALUATION.  Electric  Raihcai/  Journal,  v.  39, 
p.   919    (.June  1,   1912).     (Analysis  of  right-of-way  values.) 

CHICAGO  VALUATIONS— AGREEMENTS  TO  TERMS  BY  COMPANIES.  Electric 
Raihcay  Journal,  v.  28,  p.  1164  (Dec.  22,  1906).  (Abstract  of  the  report  of 
B.  J.  Arnold.  M.  E.  Cooley  and  A.  B.  du  Pont,  on  valuation  of  the  Chicago 
City  Ry.  Co.  and  the  Chicago  Union  Traction  Co.) 

DEPRECIATION    AND    CHICAGO    VALUATION    FIGURES.        (Editorial    Correspond- 
ence.)   Electric  Traction  Weekly,  v.  8,  p.  584   (May  18,  1912). 
DETAILED    EXHIBITS    OF    THE    TANGIBLE    PROPERTY    OF    THE    CHICAGO    CITY 

Railway  Company  as  of  June  30,  A.  D.,  1906,  Accompanying  the  Valuation  Re- 
port Submitted  to  the  Committee  on  Local  Transportation  of  the  Chicago  City 
Council  ;  by  Bion  J.  Arnold,  Mortimer  E.  Cooley  and  A.  B.  du  Pont.  Chicago, 
1906. 


1314  BIBLIOGRAPHY  :    VALUATION  OF  PUBLIC  UTILITIES       [Papers. 

STREET  AND  INTERURBAN  RAILROADS — SPECIAL  CASES — {Continued). 
DETAILED   EXHIBITS  OF  THE  TANGIBLE  PROPERTY  OF  THE   STREET   RAILWAY 

System  in  the  Possession  of  and  Operated  by  the  Receivers  of  the  Chicago 
Union  Traction  Company  as  of  June  30,  A.  D.,  1906,  Accompanying  the  Valua- 
tion Report  Submitted  to  the  Committee  on  Local  Transportation  of  the  Chicago 
City  Council  ;  by  Bion  J.  Arnold,  Mortimer  E.  Cooley  and  A.  B.  du  Pont.  Chi- 
cago, 1906. 

ELEMENTS  OF  VALUE  IN  A  STREET  RAILWAY.  Railroad  Gazette,  v.  41,  p. 
567  (Dec.  28,  1906).  (Valuation  of  the  Chicago  street  railways  by  a  commis- 
sion prior  to  their  purchase  by  the  city;  one  page.) 

ELEVATED  VALUES  IN  CHICAGO.  (Editorial.)  Electric  Railway  Journal,  v.  39, 
p.    817    (May   18,   1912). 

ESTIMATED  COST  OF  CABLE  RAILWAYS  IN  CHICAGO.  Engineering  and  Con- 
tracting, V.  37,  p.  338  (March  20,  1912).  (Cost  of  reproducing  cable  railway 
new  as  estimated  by   Bion  J.  Arnold.) 

ITEMIZED  UNIT   COSTS   OF   98   SPECIAL  OVERHEAD   LAYOUTS   FOR   A  TROLLEY 

Railway.  Engineering-Contracting,  v.  34,  p.  335  (Oct.  19,  1910).  (Inventory 
made  by  the  Traction  Valuation  Commission  of  Chicago.) 

MAINTENANCE  AND  DEPRECIATION  CHARGES  OF  THE  CHICAGO  UNION  TRAC= 
tion  Company.  Electric  Railway  Review,  v.  17,  p.  247  (Feb.  23,  1907).  (The 
policy  of  the  City  of  Chicago,  in  allowing  for  depreciation  In  street  railway 
property.) 

Editorial.    Amount  of  Maintenance  and  Depreciation  Charges.    Electric  Railway 

Review,  V.   17,   p.   244    (Feb.  23,  1907). 

METHODS  OF  CONDUCTING  THE  VALUATION  OF  THE  PHYSICAL  PROPERTIES 
of  the  Chicago  Consolidated  Traction  Co.,  with  Summaries  of  Costs  ;  by  Philip 
J.  Kealy.  Engineering-Contracting,  v.  34,  pp.  274,  295  (Sept.  28,  Oct.  5,  1910). 
(The  valuation  covers  only  that  portion  of  the  system  within  the  city  limits; 
describes  methods  and  costs  of  track  and  power-house  valuation  and  data  of  the 
electric  power  distribution.) 

OPERATIONS  OF  THE  COMPANIES  UNDER  THE  1907  ORDINANCES  (CHICAGO). 
Electric  Raihoay  Journal,  v.  40,  p.  525  (Oct.  5,  1912).  (Comparative  values  of 
street  railways  of  Chicago,   Commission's  and   Companies'  estimates.) 

RENEWALS  AS  DEFINED  BY  THE  BOARD  OF  SUPERVISING  ENGINEERS,  CHI= 
cago  Traction.  Electric  Railway  Journal,  v.  37,  p.  374  (March  4,  1911). 
(Classification   of   renewals   of  track,   equipment,   buildings   and  bridges.) 

REPORT  ON  THE  ENGINEERING  AND  OPERATING  FEATURES  OF  THE  CHICAGO 
Transportation  Problem,  Submitted  to  the  Committee  on  Local  Transportation 
of  the  Chicago  City  Council,  p.  182  ;  by  Bion  Joseph  Arnold.  Chicago,  1902. 
(Gives  unit  price  estimates,  valuation  estimates,  valuations  under  expiring 
grants,  and  cost  of  estimates;  flfty-five  pages.) 

REPORT  ON  THE  PHYSICAL  PROPERTIES  AND  INTANGIBLE  VALUES  OF  THE 
Calumet  Electric  Street  Railway  Company  and  the  South  Chicago  City  Rail- 
way Company  as  of  February  1,  A.  D.,  1908,  Submitted  to  the  Committee  on 
Local  Transportation  of  the  Chicago  City  Council  ;  by  Bion  J.  Arnold.  Chicago, 
1908.  3  V.  (General  summary  of  value  of  physical  property  and  detailed 
exhibits.) 

STREET  RAILWAY  APPRAISAL  METHODS  AT  CHICAGO.  (Editorial.)  Engi- 
neering Record,  v.   62,   p.   501    (Oct.   29,   1910).      (Pour  columns.) 

TWO  REPORTS  SUBMITTED  TO  COUNCIL  COMMITTEE  ON  VALUES  OF  CHICAGO 
Elevated  Railways.  Electric  Railway  Journal,  v.  39,  p.  797  (May  11,  1912). 
(Comparison  of  reports  by  George  F.  Swain  and  the  one  submitted  by  the 
Harbor   and   Subway   Commission.) 

UNIT  PRICES  USED  IN  THE  FIRST  APPRAISAL  OF  ELECTRIC  RAILWAYS  IN 
Chicago.  Engineering  and  Contracting,  v.  37,  p.  393  (April  3,  1912).  (De- 
tailed estimate  of  cost  of  street   railway  property   in   Chicago.) 

VALUATION  OF  THE  PROPERTY  OF  THE  CHICAGO  CONSOLIDATED  TRACTION 
Co.  ;  by  B.  J.  Arnold  and  George  W.  Weston.  Engineering  Ncios,  v.  64,  p.  241 
(Sept.    1,    1910).       (Short   paragraph.) 

VALUATION  OF  TWO  STREET  RAILWAY  POWER  PLANTS.  Engineering-Con- 
tracting, v.  34,  p.  280  (Sept.  28,  1910).  (Part  of  the  property  of  the  Chicago 
Consolidated  Traction  Co.;   two   pages.) 

VALUATION  REPORTS  ON  CHICAGO  ELEVATED  ROADS.  (Editorial  Corre- 
spondence.)     Electric    Traction    Weekly,   v.    8,    p.    556    (May    11,    1912). 

VALUATIONS  OF  CHICAGO  ELEVATED  RAILWAYS.  Electric  Railway  Journal, 
v.  39,  p.  829  (May  18,  1912).  (Detail  figures  and  summaries  of  the  ex- 
planatory  statements   made    in    connection    with   the  two    valuations.) 

VALUE  OF  PROPERTY  OF  THE  CHICAGO  CONSOLIDATED  TRACTION  COM- 
pany.  Electric  Railway  Journal,  v.  36,  pp.  309,  374,  1111  (Aug.  20,  Sept. 
3,  Dec.  3,  1910).      (Valuation  made  by  Bion  J.  Arnold  and  George  W.  Weston.) 
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STREET  AND   INTERURBAN   RAILROADS— SPECIAL  CASES— fConfhii/crf) . 
Clevetatid.  Ohio. 

ARBITRATION  OF  OPERATING  EXPENSE  CHARGES  IN  CLEVELAND.  Electric 
Rnihoav  Journal,  v.  41.  p.  925  (May  24.  1913).  (Tndudps  hriof  reference  to 
depreciation  of  the  railway  plant  and  maintenance,  renewal  and  depreciation 
fund.-) 

DECISION  OF  ARBITRATOR  IN  CLEVELAND  CONTROVERSY.  Electric  Raihcaii 
■Toin-nnl.  v.  34.  p.  12.''.7  (Dec.  2.5.  1909).  (Findings  of  .Judge  Taylor  in  the 
Cleveland  Street  Railway  valuation.  1 

DECISION  OF  BOARD  OF  ARBITRATION  IN  THE  CLEVELAND  CASE.  Electric 
naihcnw  Journal,  v.  41.  p.  1159  (June  28.  1913).  (Text  of  the  finding,  includ- 
ing allowance  for  maintenance,  renewal  and  depreciation.) 

Kditorial.      The    Arbitrated    Result   in    Cleveland.      Electric   Raihoau   Journal,    v. 

41.    p.    1134    (.June    28.    1913). 

DEPRECIATION  IN  CLEVELAND.  F!trcet  Tlailway  Journal,  v.  29,  p.  743  (April 
27,  1907).  (On  depreciation  of  track  and  cars;  abstract  from  report  of  the 
Cleveland    Electric  Ry.   Co.) 

FINAL  TESTIMONY  AND,  ARGUMENTS  IN  THE  CLEVELAND  CASE.  Electric 
Raihcai/  Journal,  v.  41.  p.  1070  (.Tunc  14.  1913).  (Depreciation  in  the  value 
of  the  property  shown  by  tables  submittc^d  by  Henry  .1.   Davies.) 

MAINTENANCE  PROVISIONS  OF  CLEVELAND  ORDINANCE;  by  H.  J.  Davies.  Elec- 
tric Ritihrau  Journal,  v.  3.5.  p.  f;i4  (.\pril  2.  1910).  (Provisions  for  main- 
tenance of  physical  property  of  Cleveland  Ry.  Co.  determined  in  granting  new 
franchise   ordinance.) 

OPERATION  OF  THE  CLEVELAND  STREET  RAILWAY  SYSTEM  BY  A  NEW^  COM- 
pany.  Electric  Railvay  Jownal,  v.  32,  p.  433  (Aug.  8,  1908).  (Provisions  for 
maintenance  and  renewal  fund  in  lease.) 

TESTIMONY  IN  CLEVELAND  VALUATION.  Electric  Railway  Journal,  v.  34.  pp. 
1024.  1068.  Il.''i9  (Nov.  13.  20,  Dec.  4.  1909).  (Opinions  on  valuation  of  the 
Cleveland  Street  Railway  given  by  Frank  R.  Ford,  Bion  J.  Arnold  and  others 
before  Judge  Taylor  of  the  United  States  Circuit  Court.) 

VALUATION  OF  THE  CLEVELAND  ELECTRIC  RAILWAY.  Electric  Raihcay  Re- 
vieir,  V.  19.  p.  149  (Feb.  1.  1908).  (Values  of  physical  property,  overhead 
charges,  franchises,  etc.  ;   two  pages.) 

Detroit.  Mi(h. 

APPRAISAL  OF  THE  CITY  LINES  OF  THE  DETROIT  UNITED  RAILWAY.  Electric 
Rnih'-ay  Joiirnal.  v.  41,  p.  897  (May  17.  1913).  (Methods  and  summary  of 
valuation.) 

REPORT  AND  APPRAISAL  OF  THE  DETROIT  UNITED  RAILWAY  (CITY  LINES), 
Detroit.  Michigan.  Oct.  1,  1909:  by  Frederick  T.  Barcroft.  Detroit,  1910. 
(Contains  brief  data  on  method  of  making  appraisal.) 

Abstract.     The    Appraisal    Value    of    the    Electric    Street    Railways    of    Detroit, 

Mich.    Enriinecrinq-Contracting,  v.   34,  pp.   16,  35   (July  6,   13,  1910). 

Editorial.    Noteworthv  Article  on   Electric   Street  Railway  Appraisal.    Engineer- 

ing-Contractinrj.  v.   34,  p.   1   (July  6.  1910). 

REPORT  OF  THE  COMMITTEE  OF  FIFTY.  Electric  Railway  Journal,  v.  36,  pp. 
111.  142  (July  16.  23,  1910).  (Abstract  of  report  of  Committee  to  investigate 
Detroit  Street  Railway  situation  :  contains  brief  references  to  the  appraisal.) 

REPORTS  ON  VALUATION  OF  DETROIT  PROPERTY.  Electric  Railway  Journal, 
V.  34,  p.  1077  (Nov.  20,  1909).  (Brief  comparison  of  the  valuations  made  by 
F.  T.   Barcroft  and  R.  B.  Rifenberlck.) 

RESULTS  OF  DETROIT  INVESTIGATION.     Electric  Railway  Journal,  v.   34,  p.   1276 

(Dec.  25.  1909).  (Concerning  reports  received  by  the  Committee  of  Fifty  on 
the  street  railway   valuation.) 

A      STATEMENT     OF      "FACTS"      CONCERNING     THE      SO-CALLED      "BARCROFT 

Appraisal"  of  the  Detroit  United  Railway  Lines  in  the  City  of  Detroit  ;  by 
R.  B.  Rifenberlck.    Detroit,  Mich.,  1910.    (.A.  criticism  of  Mr.  Barcroft's  methods.) 

THE  VALUATION  OF  THE  DETROIT  STREET  RAILWAYS.  Enaineerino  yews. 
V.  64,  p.  212  (Aug.  25.  1910).  (An  explanation  of  the  situation  with  com- 
parison of  valuations  made  for  the  City  with  those  for  the  Company ;  two 
pages.) 

VALUATION  OF  THE  TRACK  OF  THE  DETROIT  STREET  RAILWAY  SYSTEM. 

Engineering  A'et':.9,  v.  64,  p.  249  (Sept.  8,  1910).  (Explains  methods  used  in 
track  valuation,  including  estimated  value  of  twenty-one  types  of  rail  sections  ; 
one  page.) 

VALUATIONS  OF  THE  DETROIT  UNITED  RAILWAY.  Electric  Railway  Journal, 
v.  36,  pp.  258,  294  (Aug.  13,  20.  1910).  (Review  of  the  facts,  statement  of 
the  position  of  the  Company  regarding  the  Barcroft  appraisal,  brief  abstract  of 
the  Barcroft  appraisal,   and   a  statement  by  R.   B.   Rifenberlck.) 
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STREET  AND  INTERURBAN  RAILROADS — SPECIAL  CASES — (Continued). 

Duluth,  Minn. 

DECISION  OF  WISCONSIN  COMMISSION  IN  SUPERIOR  CASES.  Electric  Railway/ 
Journal,  v.  40,  p.  1067  (Nov.  23,  1912).  (Data  on  valuation  of  property  of 
Duluth  Street  Ry.  Co.) 

Eastern  Ry.  &  Light  Co.     See  Fond  du  Lac,  Wis. 

Europe. 

DEPRECIATION  AS  APPLICABLE  TO  ELECTRIC  RAILWAYS;  by  Haselmann. 
Electric  Rattivay  Journal,  v.  28,  p.  1003  (Nov.  24,  1906).  (Abstract  of  a 
paper  read  before  the  International  Street  and  Interurban  Railway  Association 
giving  methods  of  depreciation   accounting  in   Europe  ;   three  pages.) 

DEPRECIATION  FUNDS  IN  EUROPE.  Electric  Railway  Journal,  v.  23,  p.  696  (May 
7,    1904).       (Gives   allowances   made    for   depreciation.) 

Editorial.      Depreciation.      Electric   Railway   Journal,    v.    23,    p.    760    (May    21, 

1904). 

Fond  du  Lac,   Wis. 

♦EXISTING  FARES  OF  WISCONSIN  ROAD  UPHELD  BY  COMMISSION  AFTER  A 
Valuation.  Electric  Raihoay  Journal,  v.  38,  p.  193  fJuly  9,  1911).  (Valuation 
of  electric  railway  properties  and  division  of  valuation  between  city  and 
interurban  systems ;  decision  of  the  Railroad  Commission  of  Wisconsin  in  a 
fare   ease  involving   the   Eastern    Ry.    &   Light    Co.    of   Fond    du    Lac.) 

Fonda,  Johnstown  &  Gloversville  R.  R. 

LIFE  OF  RAILWAY  PHYSICAL  PROPERTY  FROM  THE  ENGINEERING  STAND= 
point;  by  F.  A.  Bagg.  Electric  Railway  Journal,  v.  38,  p.  1205  (Dec.  9,  1911). 
(Paper  read  before  Street  Railway  Association  of  State  of  New  York;  dis- 
cusses life  of  track  and  overhead  lines  and  gives  data  regarding  Fonda,  Johns- 
town  &   Gloversville   R.    R.  ;    one   page.) 

Discussion.       Electric     Railway     Journal,     v.     38,     p.     1210     (Dec.     9,     1911). 

Glasgow,   Scotland. 

DEPRECIATION.  (Editorial.)  Electrician,  v.  61,  p.  744  (Aug.  28,  1908).  (Prac- 
tice of  Glasgow  Corporation   Tramways.) 

GLASGOW  AND  DEPRECIATION.  Municipal  Journal  (London),  v.  12,  p.  795 
(Sept.  4,  1903).  (Very  brief  itemized  statement  of  allowance  for  depreciation 
by    Glasgow    Corporation    Tramways.)  . 

GLASGOW  TRAMWAYS.  Municipal  Journal  (London),  v.  14,  p.  896  (Aug.  11, 
1905).  (Analysis  of  accounts  of  Glasgow  Tramways,  including  allowance  for 
depreciation.) 

TREATMENT  OF  DEPRECIATION  IN  GLASGOW.  Electric  RaiUoay  Journal,  v.  36. 
p.  362  (Sept.  3,  1910).  (Discussion  of  the  treatment  of  depreciation  in  ac- 
counts in  report  of  the  Glasgow  Corporation  Tramways.) 

VALUATION  OF  GLASGOW  TRAMWAYS.  Tramway  and  Railway  World,  v.  27. 
p.  353  (May  5,  1910).  (Decision  in  the  appeal  of  the  Glasgow  Corporation 
Tramways    against   compulsory    valuation.) 

Great  Britain. 

B.  E.  T.  DEPRECIATION.  Municipal  Journal  (London),  v.  16,  p.  449  (May  24, 
1907)  ;  V.  17,  p.  459  (June  5,  1908).  (Per  cent,  allowed  for  depreciation  by 
sixteen  British  street  railway  companies.) 

DEPRECIATION  AND  PERMANENT  RENEWAL  FUND;  by  William  R.  Bowker. 
Street  Railway  Bulletin,  v.  6.  p.  298  (May,  1907).  (On  the  amount  to  be 
allowed  for  depreciation  in  street  railroad  property,  giving  cities  of  Manchester, 
Glasgow.   Leeds,  Bolton,  and  Wolverhampton,  as  examples.) 

POLICY  OF  ENGLISH  MUNICIPAL  TRAMWAYS  RESPECTING  RENEWALS.  Elec- 
tric Railwaii  Journal,  v.  38,  p.   661    (Oct.  7,   1911).      (Two  pages.) 

RULES  ON  DEPRECIATION  IN  GREAT  BRITAIN.  Electric  Railway  Journal,  v.  34, 
p.  476  (Sept.  25,  1909).  (Allowances  for  depreciation  in  electric  railway  un- 
dertakings;  one  page.) 

Illinois. 

REPORT  OF  THE  ILLINOIS  TRACTION  SYSTEM.  (Editorial.)  Electric  Railway 
Journal,  v.  36,  p.  353  (Sept.  3,  1910).  (Refers  to  annual  allowance  for  de- 
preciation.) 

Kansas   City,   Mo. 

DEPRECIATION  CHARGES  IN  KANSAS  CITY.  (Editorial.)  Electric  Railway 
Journal,  v.  36,  p.  424  (Sept.  17.  1910).  (On  provision  for  depreciation  made 
by  the  Kansas  City  Ry.  &  Light  Co.  ;  one  paragraph.) 

REPORT  ON  STREET  RAILWAY  SYSTEM  OF  KANSAS  CITY.  Electric  Railway 
Journal,  v.  41,  p.  716  (April  19,  1913).  (An  investigation  of  the  valuation 
of  the  property  and  its  apportionment  between  the  different  municipalities.) 
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STREET  AND  INTERURBAN  RAILROADS— SPECIAL  CASES — (Confinwed). 
REPORT  ON  THE  VALUE  OF  THE   PROPERTIES  OF  THE  METROPOLITAN  STREET 

Railway  System  of  Kansas  City,  v.  1  ;  by  Eton  J.  Arnold.  Kansas  City,  Mo., 
1913.  (Report  of  Commission  to  investigate  the  capital  value  of  the  properties, 
various  elements  of  such  value,  and  how  it  shall  be  apportioned  between  the 
municipalities  in  a  contract  for  a  new  franchise.) 

A  STREET-RAILWAY  VALUATION,  Engineering  News,  v.  69.  p.  1053  (May  22, 
1913).  (Valuation  of  the  street  railway  lines  of  Kansas  City,  Mo.,  by  Bion  J. 
.■Vrnold  ;  values  found  and  various  elements  thereof  and  comparison  with  the 
values   computed   under   four  different  methods.) 

Kokomo,  Marion  d-   Western  Traction  Co. 

DEPRECIATION    ACCOUNT    OF    THE    KOKOMO,    MARION    &    WESTERN    TRACTION 

Company.  Electric  Raihcaii  Journal,  v.  38,  p.  156  (July  22,  1911).  (An  arbi- 
trary charge  of  a  certain  per  cent,  against  each  class  or  division  of  the  prop- 
erty was  adopted,  to  provide  for  current  replacements  and  future  requirements 
on  account  of  losses  due  to  age  and  wear  ;  about  the  same  percentages  as  are 
used  by  the  Wisconsin  Railroad  Commission;  one  page.) 

Lincoln,   Nebr. 

*TESTIMONY  ON  DEPRECIATION  BEFORE  NEBRASKA  COMMISSION;  by  EMward 
W.  Bemis.  Electric  Raihray  Journal,  v.  3,5,  p.  441  (March  12,  1910).  (Testi- 
mony in  relation  to  the'  consolidation  of  the  properties  comprising  the  Lincoln 
Traction  Co.) 

London,  England. 

LONDON  TRAMWAY  DEPRECIATION  ALLOWANCE  FOR  INCOME  TAX.  Electric 
Railway  Journal,  v.   35,   p.   274    (Feb.   12,   1910).      (Very  brief  statement.) 

Middlesex  iC  Boston  Street  Ry. 

LIABILITIES  ON  WHICH  PROPER  RETURNS  SHOULD  BE  ALLOWED.  Electric 
Railtcay  Journal,  v.  34,  p.  464  (Sept.  25,  1909).  (Hearing  before  Massachu- 
setts Board  of  Railroad  Commissioners  ;  discussion  of  the  basis  on  which  the 
value  of  the  property  of  the  Middlesex  &  Boston  Street  Ry.  should  be  com- 
puted.) 

Mihcaukee  Electric  Ry.  £  Light  Co. 

♦DECISION  IN  THE  MILWAUKEE  FARE  CASE.  Electric  Railway  Journal,  v.  40, 
p.  314  (Aug.  31,  1912).  (Gives  summary  of  physical  valuation,  going  value, 
treatment  of  allowance  for  depreciation,  rate  of  return,  etc.,  of  Milwaukee  Light, 
Heat  &  Traction  Co.   and  Milwaukee  Electric   Ry.  &  Light  Co.) 

DEPRECIATION  AND  RESERVE  FUNDS  IN  MILWAUKEE.  (EditoriaL)  Street 
Railway  Journal,  v.  26,  p.  441   (Sept.  23,  1905).     (Gives  actual  figures.) 

DEPRECIATION  OF  PUBLIC  UTILITIES  PROPERTIES.  Electric  Railway  Journal, 
v.  31,  p.  169  (Feb.  1,  1908).  (On  the  subject  of  depreciation  in  general,  with 
reference  to  Milwaukee  street  railways.) 

Editorial.      Depreciation.      Electric   Railway   Journal,   v.    31,    p.    104    (Jan.    25, 

1908). 
DEPRECIATION    RESERVES    OF    THE    MILWAUKEE    AND    ST.    LOUIS    RAILWAYS. 

Electric  Railway  Review,  v.  17,  p.  319  (March  9,  1907).  (Comparison  of  totals 
of  maintenance  and  depreciation  charges  for  fiscal  year  1906,  for  street  rail- 
ways  in   Milwaukee,   St.   Louis,   Chicago,   and   Glasgow.) 

A   DISCUSSION  OF  THE  MILWAUKEE  FARE  DECISION.     Electric  Railway  Journal, 
■  V.    41,    p.    110     (Jan.    18,    1913).       (Discusses    valuation    of    Milwaukee    street 
railway.) 
THE  ELECTRIC  RAILWAY  SYSTEM  OF  MILWAUKEE  AND   EASTERN  WISCONSIN. 

Street  Railway  Journal,  v.  15.  p.  352  (June,  1899).  (Provision  of  the  Mil- 
waukee Electric  Ry.  &   Light  Co.,   for  depreciation   and   other  reserves.) 

Editorial.      Street    Railway   Journal,    v.    15,    p.    369    (June,    1899). 

♦HEARINGS  ON  MILWAUKEE  FARE  CASE  BY  WISCONSIN  RAILROAD  COM- 
mission.  Electric  Railway  Journal,  v.  32,  p.  395  :  v.  33,  pp.  419,  464,  499, 
554,  640,  683,  729,  766,  955  (Aug.  1,  1908;  March  6,  13,  20.  27;  April 
3,  10,  17,  24;  May  22,  1909).  (Testimony  by  many  experts  on  the  value  of 
the  Milwaukee  Electric  Ry.  &  Light  Co.'s  property,  allowances  for  deprecia- 
tion,  etc.) 

Editorial.     Electric  Railway  Journal,  v.  33,  pp.  452,  536   (March  13,   27,  1909). 

THE  MILWAUKEE  FOUR-CENT  FARE  DECISION.  Street  Raihoay  Journal,  v.  14, 
p.  397  (July,  1898).  (Opinions  of  William  H.  Seaman,  United  States  Dis- 
trict Judge,  in  the  case  of  the  Milwaukee  Electric  Ry.  &  Light  Co. ;.  three 
pages.) 

EditoriaL      Street   Railway  Journal,   v.    14,    p.    381    (July,    1898). 
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VALUATION  OF  MILWAUKEE  PROPERTIES.  Electric  Railway  Journal,  v.  38', 
p.  160  (July  22,  1911).  (Details  of  the  values  placed  on  the  property  of  the 
Milwaukee  Electric  Ry.  &  Light  Co.  by  the  Railroad  Commission  of  Wis- 
consin;  very  brief.) 

Editorial.     Electric  Railicay  Journal,  v.   38,   p.   143    (July   22,   1911). 

Mihvauk''e  Northern  Ry.   Co. 

*EDWARD  J.   CHROMASTER  VS.   MILWAUKEE  NORTHERN   RAILWAY   COMPANY; 

Submitted  May  15,  1911,  Decided  March  12,  1912.  In  Opinions  and  Decisions 
of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  8,  p.  734.  Madison, 
Wis.,  1912.  (Table  of  total  valuation  of  property  of  Milwaukee  Northern  Ry. 
Co.  and  apportionment  between  city  and  interurban.) 

Nebraska. 

*PROPOSED  DEPRECIATION  ACCOUNT  IN  NEBRASKA.  Electric  Railway  Journal, 
V.  37,  p.  919  (May  27,  1911).  (Brief  reference  to  hearing  before  the  State 
Railway  Commission  on   proposed  depreciation  account  for  electric   railway;^.) 

*RULE  FOR  TREATMENT  OF  DEPRECIATION  IN  NEBRASKA.  Electric  Railway 
Journal,  v.  38,  p.  990  (Nov.  4,  1911).  (Rules  adopted  by  State  Railway  Com- 
mission to  govern  charges  by  electric  railways,  for  maintenance,  additions  and 
betterments;    one-half    page.) 

New    Jersey. 

REQUEST  FOR  LOWER  FARES  DENIED  BY  NEW  JERSEY  COMMISSION.  Electric 
Railway  Journal,  v.  38,  p.  1117  (Nov.  25,  1911).  (Contains  brief  reference  to 
the  value  of  street  railway  property  and  allowance  for  maintenance  and  depre- 
ciation.) 

STANDARD  CLASSIFICATION  OF  STREET  RAILWAY  ACCOUNTS  IN  NEW  JERSEY. 

Electric  Railway  Review,  v.  37,  p.  273  (Feb.  11,  1911).  (The  adoption,  with 
two  slight  changes,  of  the  standards  of  the  American  Electric  Railway 
Accountants  Association   in   regard  to   depreciation.) 

New   York   City. 

ANOTHER  THIRD  AVENUE  CHAPTER.  (Editorial.)  Electric  Railway  Journal, 
V.  39,  p.  230  (Feb.  10,  1912).  (The  Commission  provides  a  plan  for  the 
retirement  of  excessive   capitalization   of   the   property;    very  brief.) 

*APPRAISAL  OF  THE  NEW  YORK  SURFACE  SYSTEMS.  (Editorial.)  Electric 
Railway  Journal,  v.  32,  p.  Ill  (June  20,  1908).  (Discussion  of  the  proposed 
appraisal  by  the  Public  Service  Commission;   one  page.) 

THE    APPRAISAL   OF    THE    THIRD    AVENUE    STREET    RAILROAD    SYSTEM,    NEW 

York  City.  Engineering  and  Contracting,  v.  35,  p.  666  (June  7,  1911).  (Data 
relating  to  the  appraisal  taken  from  a  pamphlet  entitled  "Opinion  Disapproving 
Plan  of  Reorganization,"  July  29,  1910.) 

AN  ARBITRARY  DEPRECIATION  REQUIREMENT.  (Editorial.)  Railway  World. 
v.  56,  p.  141  (Feb.  16,  1912).  (On  decision  of  the  New  York  Public  Service 
Commission   on    the   Third    Avenue    Ry.) 

*LIFE  OF  ELEMENTS  OF  SUBWAY  PROPERTY.  Electric  Railway  Journal,  v.  39, 
p.  575  (April  6,  1912).  (Estimates  of  E.  G.  Connette,  Transportation  Engi- 
neer,  New  York  Public  Service  Commission.   First  District.) 

METROPOLITAN  STREET  RAILWAY  REORGANIZATION.  Electric  Railway  Journal, 
V.  37,  pp.  708,  756,  798.  876,  916,  976;  v.  38,  p.  240  (April  22,  29,  May  6, 
20,  27,  June  3,  Aug.  5,  1911).  (Hearing  before  the  New  York  Public  Service 
Commission,   First  District;   testimony  in  relation  to  the  value  of  the  property.) 

^OPINIONS  OF  COMMISSION  IN  THIRD  AVENUE  CASE.  Electric  Railway  Journal, 
V.  39,  p.  237  (Feb.  10,  1912).  (Opinions  on  mortgages  and  accounting, 
amortization  of  discounts  and  depreciation  of  the  Third  Avenue  R.  R.  property.) 

PHYSICAL  APPRAISAL  OF  THIRD  AVENUE  RAILROAD.  Electric  Railway  Journal, 
v.  35.  p.  228  (Feb.  5,  1910).  (Estimate  by  Henry  Floy  of  the  value  of  the 
Third  Avenue   R.   R.  ;    one-half  page.) 

PLAN     FOR     REORGANIZATION    OF    THIRD     AVENUE    ROAD    DISAPPROVED     BY 

Commission.  Electric  Railway  Journal,  v.  36,  p.  262  (Aug.  13,  1910).  (Con- 
tains  statement   regarding   the   value   of   the   property;    three   pages.) 

*RE   AMORTIZATION    ACCOUNTS   OF   THE    THIRD    AVENUE    RAILWAY    COMPANY 

(Case  1181).  Reports  of  Decisions  of  the  Public  Service  Commission,  Fir-;t 
District  of  the  State  of  New  York,  v.  3,  p.  51.  New  York,  1912.  (Amortization 
of   discounts   and    depreciation.) 

*RE  BOND  ISSUE  OF  NEW  YORK  &  NORTH  SHORE  TRACTION  COMP.\NY  (CASE 
1398).  Reports  of  Decisions  of  the  Public  Service  Commission,  First  District 
of  the  State  of  New  York,  v.  3,  p.  63.  New  York.  1912.  (Discussion  of  valu- 
ation  of   property   of   the    New    York   &    North    Shore   Traction    Co.) 
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*RE    METROPOLITAN    STREET    RAILWAY     COMPANY     REORGANIZATION     (CASE 

1305).  Reports  of  Decisions  of  the  Public  Service  Conimission,  First  District 
of  tlie  State  of  New  York,  v.  3,  p.  113.  New  Y'ork,  1912.  (Estimates  of  valu- 
ation  of   property.) 

*RE  2ND  REORGANIZATION  PLAN  OF  3RD  AVE.  R.  R.  CO.  (CASE  1181).  Reports 
of  Decisions  of  the  Public  Service  Conimi.ssion,  First  District  of  the  State  of 
New  York.  v.  2.  p.  390.  New  Y'ork,  1912.  (Report  on  valuation  of  the 
property  of  the  Third  Avenue  R.  R.   Co.) 

*REPORT   OF   A    COMMITTEE   OF   THE   BOARD   OF   ESTIMATE  AND   APPORTION- 

meut  and  of  the  Public  Service  Commission  for  the  First  District  with  Rela- 
tion to  Pending  Proposals  for  Rapid  Transit  Lines  (1911).  Proceedings, 
Public  Service  Commission  for  the  First  District,  State  of  New  York,  v.  6, 
pp.  378,  399,  488  (June  27.  30,  July  21,  1911).  New  Y'ork,  1912.  (Esti- 
mated  value  of   proposed    New   Y'ork   Subway.) 

*THE  RETURN  ON  THE  INVESTMENT  IN  THE  SUBWAY  OF  THE  INTERBOROUOH 

Rapid  Transit  Company  of  New  YorK  City,  Submitted  to  the  Public  Service 
Commission  for  the  First  District  of  the  State  of  New  York,  Report  No.  7, 
Dec.  31,  1908  :  by  Bion  J.  Arnold.  New  York,  1908.  (Analysis  of  earnings 
and  expenses,  depreciation,  etc.) 

*SECOND   CONDENSATION   OF  OPERATING   ACCOUNTS   FOR   NEW   YORK   ROADS. 

Electric  Railway  Juurnal.  v.  33,  p.  67  (Jan.  9,  1909).  (Classification  of  ac- 
counts made  by  New  York  Public  Service  Commission,  First  District ;  includes 
depreciation  and  treatment  of  appreciation.) 

TENTATIVE  CLASSIFICATION  OF  ACCOUNTS  PREPARED  BY  NEW  YORK  PUBLIC 

Service  Commission.    Electric  Railwaii  Journal,  v.   32,   p.   349    (July   25,    1908). 

(The  classification   provides   for   two   accounts   to   cover   depreciation,   one   under 

maintenance  of  way  and  structures  and  one  under  maintenance  of  equipment.) 

TREATMENT  OF  DEPRECIAIION  ACCOUNTS  BY  INTERBOROUGH   RAPID  TRANSIT 

Co.    Electric  Railivay  Journal,  v.   38,   p.   280    (Aug.   12,   1911).     (One  page.) 

*TREATMENT  OF  DEPRECIATION  AND  MAINTENANCE  IN  GREATER  NEW  YORK. 

Electric  Railway  Journal,  v.  39,  p.  539  (April  6,  1912).  (Table  of  rates  of 
depreciation  adopted  by  street  and  electric  railway  companies  in  accordance 
with  the  uniform  system  of  accounts  prescribed  by  the  Public  Service  Com- 
mission of  the  First  District.) 

VALUATION  OF  STREET  RAILWAY  PROPERTIES.  Electric  Railway  Journal, 
v.  33,  p.  1122  (Juno  19,  1909).  (Relates  more  particularly  to  the  street  rail- 
ways of  New  York  City;  two  and  one-half  pages.) 

Neio   York  State. 

♦ACCOUNTS     PRESCRIBED     BY     NEW     YORK     PUBLIC     SERVICE     COMMISSION, 

Second  District.  Electric  Railway  Journal,  v.  32,  p.  1373  (Nov.  14,  1908). 
(Provision  is  made  for  the  treatment  of  depreciation  in  two  primary  operating 
expense  accounts.) 

BRIEF  ON  ACCOUNTING  SCHEME  SUBMITTED  TO  PUBLIC  SERVICE  COMMISSION, 

Second  District,  on  Behalf  of  New  Y'ork  State  Association.  Electric  Railway 
Review,  v.  19,  p.  591  (May  16,  1908).  (Protest  against  requiring  same 
methods  of  accounting  for  steam  and  electric  railways  and  reasons  for  the 
protest) . 

INQUIRY      BY      PUBLIC      SERVICE      COMMISSION      CONCERNING      DEPRECIATION 

Accounts.  Electric  Railway  Journal,  v.  35,  p.  793  (April  30,  19L()).  (Circular 
letter  of  inquiry  issued  to  street  railroad  and  electrical  corporations,  by  the 
New  York  Public  Service  Commission,  Second   District;   very  brief.) 

*JOINT  HEARING  ON  UNIFORM  ACCOUNTS  FOR  NEW  YORK  ELECTRIC  ROADS. 
Electric  Railway  Journal,  v.  32,  p.  439  (Aug.  8,  1908).  (Statement  of  H.  J. 
Pierce,  President  of  the  International  Ry.  Co.  of  Buffalo,  on  depreciation,  and 
of  Howard  Abel,  Comptroller  of  the  Brooklyn  Rapid  Transit  System,  on  classi- 
fication  of    accounts.) 

RESOLUTIONS  OF  NEW  YORK  STATE  ASSOCIATION  CONCERNING  TENTATIVE 
Classifications.  Electric  Railway  Review,  v.  19,  p.  378  (March  28,  1908). 
(Relates  to  classification  of  the  New  Y'ork  Public  Service  Commission,  Second 
District.) 

♦SECOND  CONDENSATION  OF  OPERATING  EXPENSE  ACCOUNTS  FOR  NEW  YORK 

Roads.  Electric  Railway  Journal,  v.  Z?.,  p.  67  (Jan.  9.  1909).  (Scheme  of 
accounts  prescribed  by  New  York  Public  Service  Commission,  Second  District, 
for  street  railroads;  three  paragraphs  itlating  to  depreciation.) 

*STATE  OF  NEW  YORK.  SECOND  ANNUAL  REPORT  OF  THE  PUBLIC  SERVICE 

Commission,  Second  District,  for  the  Y'ear  Ending  Dec.  31,  1908  ;  v.  2,  Uni- 
form System  of  Accounts.  Albany,  1909.  (Classification  of  accounts  for 
street  railroads,  gas  and  electrical  corporations  ;  general  amortization  account 
including  amount  estimated  for  wear,  tear  and  obsolescence  of  plant.) 
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♦VALUATION  BV  EARNINGS;  by  Prank  W.  Stevens.  Public  Service  Regulation, 
V.  1,  p.  438  (July,  1912).  (Opinion  of  Chairman,  New  York  Public  Service 
Commission,  Second  District,  in  the  application  of  the  Westchester  Street  R.  R. 
Co.   for  authorization  to  issue  capital   stock.) 

VALUE  OF  PROPERTY  IN  NEW  YORK  REORGANIZATION  CASE.  Electric  Rail- 
way Journal,  v.  41,  p.  381  (March  1,  1913).  (Decision  of  the  New  York 
Public  Service  Commission,  Second  District,  in  the  case  in  which  the  West- 
chester  Street   R.    R.   asked   authority   to   issue   capital    stock.) 

Newcastle,  England. 

DEPRECIATION  AND  RESERVES,  WARNING  TO  NEWCASTLE.  Tramway  and 
Railway  World,  v.  -20,  p.  258  (Sept.  6,  1906).  (Discussion  on  the  necessity 
of  reserve  and  renewal  funds;  statistical.) 

Niagara  Gorge  R.  R. 

TREATMENT  OF  DEPRECIATION  ACCOUNTS  OF  NEW  YORK  PUBLIC  SERVICE 

Commission.       Electric    Railway    Journal,    v.    34,     p.     1073     (Nov.     20,    1909). 
(Rules  adopted   by  the  Niagara   Gorge  R.   R.) 
Philadelphia,  Pa. 

*PENNSYLVANIA    STATE    RAILROAD    COMMISSION     IN    THE    MATTER    OF    THE 

Complaints  Against  the  Philadelphia  Rapid  Transit  Company ;  Report  to  the 
Commission  by  Ford,  Bacon  &  Davis,  March  7,  1911.  2  v.  New  York,  1911. 
(Detailed  report,  comprising  a  series  of  tabulated  statements,  maps  and  dia- 
grams on  the  physical  valuation  of  the  property  of  the  Philadelphia  Rapid 
Transit  Co.) 

Puget  Sound  Electric  Ry. 

*FIFTH  ANNUAL   REPORT  OF   THE  RAILROAD   COMMISSIONER  OF  WASHINGTON 

to  the  Governor  Covering  the  Period  from  January   1   to   November  1,   1910,   p. 

49.       Olympia,  Wash.,  1910.      (Refers  to  valuation  of  the  Puget  Sound  Electric 

Ry.) 
VALUATION    OF    THE    PUGET    SOUND    ELECTRIC    RAILWAY;    by    Henry    L.    Gray. 

Engineering-Contracting,  v.   33,   p.   482    (May  25,   1910).      (Methods  and  details 

of  valuation  of  physical  property;   four  pages.) 
St.  Louis,  Mo. 
DEPRECIATION    FUND    IN    ST.    LOUIS.       (Editorial.)       Electric    Railway    Journal, 

V.  35,  p.  433    (March  12,   1910).      (One  paragraph.) 

LARGER  DEPRECIATION  FUND  FOR  ST.  LOUIS.  (Editorial.)  Electric  Railway 
Journal,  v.  37,  p.  247  (Feb.  11,  1907).  (Comments  on  the  policy  of  the  United 
Railways  Co.   of  St.   Louis.) 

*REPORT   TO    THE    MUNICIPAL    ASSEMBLY   ON    THE    UNITED    RAILWAYS    COM= 

pany  of  St.  Louis  by  the  St.  Louis  Public  Service  Commission  ;  by  James  E. 
Allison.  2  V.  Woodward  &  Tiernan  Printing  Co.,  St.  Louis,  1912.  (A  state- 
ment of  the  principles  which  in  the  opinion  of  the  Commission  should  be  the 
basis  of  valuation  and  details  of  physical  valuation  of  the  property ;  Ap- 
pendix A  contains  a  discussion  by  James  E.  Allison,  "Should  Public  Service 
Properties  be  Depreciated  to  Obtain  Fair  Value  in  Rate  or  Regulation  Cases?") 

Abstracts.     Report  on  United  Railways  of  St.  Louis.     Electric  Railway  Journal, 

V.  41,  p.  248  (Feb.  8,  1913)  ;  Finding  Fair  Value.  Public  Service  Regulation. 
V.   1,  p.   716    (Nov.,   1912). 

Son  Francisco,   Cal. 

FINAL  REPORT  ON  SAN  FRANCISCO.  Electric  Railway  Journal,  v.  41.  p.  844 
(May  10,  1913).  (Analysis  of  value  of  street  railways  of  San  Francisco;  re- 
port  by   Bion  J.   Arnold.) 

Savannah,  Ga. 

DECISION  OF  COMMISSION  UPHOLDING  RATES  OF  FARE  IN  SAVANAH,  GA. 
Electric  Railway  Journal,  v.  39,  p.  663  (April  20,  1912).  (Relates  to  value 
of  street  railway  property.) 

Sheboygan,    Wis. 

*CITY   OF   SHEBOYGAN   VS.    SHEBOYGAN    RAILWAY    AND    ELECTRIC    COMPANY; 

Submitted  Oct.  IS,  1910,  Decided  Feb.  3,  1911.  In  Opinions  and  De- 
cisions of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  6,  p.  358. 
Madison,  Wis.,  1912.  (Contains  table  of  valuation  of  the  physical  property 
of  the  Sheboygan  Ry.  &   Electric  Co.) 

Spokane  <£•  Inland  Empire  R.  R.  System. 

APPRAISAL    OF    THE     SPOKANE     AND     INLAND    EMPIRE     ELECTRIC     RAILROAD 

System  ;  by  Henry  L.  Gray.  Engineering  and  Contracting,  v.  36,  p.  696  (Dec. 
27,  1911).  (Contains  tables  of  cost  of  reproduction,  depreciation,  etc.;  deals 
with  methods  adopted"  to  determine  the  correctness  of  the  allegation  concern- 
ing the  insufficiency   of  present  rates.) 
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STREET   AND   INTERURBAN   RAILROADS— SPECIAL   CASES— (Con«mMed) . 

Sunderhind,   Entjland. 

DEPRECIATION  AT  SUNDERLAND.  Tramivay  and  Railway  WorUI.  v.  14,  p.  478 
(Nov.  12,  1903).  (Estimated  life  and  percentage  set  aside  for  depreciation 
of  equipment  and  permanent   way  of  street   railway   at   Sunderland,   England.) 

Toledo.   Ohio. 

INVENTORY  OF  PHYSICAL  RAILWAY  PROPERTY  OF  TOLEDO  COMPANY  GIVEN 
to  City.  Electric  Raihvay  Journal,  v.  3ti,  p.  990  (Nov.  12,  1910).  (Letter  from 
Ford,  Bacon  &  Davis  ;  gives  a  list  of  the  work  and  expense  items  entering  into 
the  construction  cost  which  should  be  included  in  an  appraisal;   one  page.) 

Wausau,    'Wis. 

*DECISION  OF  WISCONSIN  COMMISSION:  CONSIDERS  THE  RATE  OF  RETURN. 
Electric  liaihray  Journal,  v.  36,  p.  404  (Sept.  10,  1910).  (Statement  in  re- 
gard to  the  valuation  of  the  Wausau  Street  R.  R.  Co.;  one  page.) 

Wiscoitsin. 

SOME  PRINCIPLES  ESTABLISHED  BY  THE  WISCONSIN  RAILROAD  COMMISSION; 
by  Edwin  S.  Mack.  Electric  Railway  Journal,  v.  37,  p.  164  (Jan.  28,  1911). 
(Includes    valuation;    one   page.) 

*SYSTEM  OF  ACCOUNTS  PRESCRIBED  BY  WISCONSIN  RAILROAD  COMMISSION. 
Electric  Railway  Journal,  v.  33,  p.  1076  (June  12,  1909).  (Includes  pro- 
vision  for  a  depreciation   fund;   two  pages.) 

^WISCONSIN  CLASSIFICATION  OF  ACCOUNTS.  Electric  Railway  Journal,  v.  34, 
p.  366  (Sept.  4,  1909).  (Gives  slight  changes  from  list  published  June  12, 
1909,   with  extracts  from   introductory   letter  of  the  Commission.) 

STREET  AND  INTERURBAN  RAILROADS— UNVERIFIED 
REFERENCES. 

ACCOUNTING  OF  DEPRECIATION  BY  ELECTRIC  RAILWAYS;  by  Robert  N.  Wallis. 
Journal  of  Accountanei/,  May,  1907.  (Discusses  methods  used  and  matters  to 
be   considered   in   electric   railway   accounting.) 

ALLOWANCE  FOR  MAINTENANCE  TO  COVER  DEPRECIATION.  Light  Railway 
and  Tramway  Journal  (London),  v.  21,  p.  29  (July  2,  1909).  (Details  of 
allowances  as  agreed  between  Council  of  Institute  of  Municipal  Treasurers  and 
Accountants  dnd  the  Inland  Revenue  Department  for  tramway  and  light  rail- 
ways as  well  as  for  municipal  corporations.) 

CLASSIFICATION  OF  ELECTRIC  RAILWAY  EXPENSES;  by  Willard  Hubbard  Law- 
ton.    Journal  of  Accountancy,  v.   6,   p.    114    (June,    1908). 

COST  OF  CARRYING  A  PASSENGER;  by  C.  L.  S.  Tingley.  Street  Railway  Bulletin, 
v.    4,    p.    793    (Nov.    1.5,    1905).     (Abstract.) 

DEPRECIATION  AND  RENEWAL  FUNDS  IN  RELATION  TO  TRAMWAYS  UNDER- 
takings;  by  G.  W.  Holford.  Light  Railway  and  Tramxcay  Journal  (London), 
V.  15,  p.  294  (Oct.  5,  1906).  (Abstract  of  paper  read  before  the  Municipal 
Tramways  Association  ;  contains  table  showing  provision  made  for  depre- 
ciation by  street   railways   in   sixty   English  cities.) 

DEPRECIATION  OF  TRAMWAYS  AND  LIGHT  RAILWAYS.  Light  Railway  and 
Tramway  Journal    (London),  v.  21,  p.  80   (.^ug.  6,   1909). 

DEPRECIATION  PROBLEM  OF  ELECTRIC  STREET  RAILWAYS;  by  W.  B.  Jackson. 
i'ublic  Service,   Sept.,    1911,   p.    71. 

LIFE  OF  DIFFERENT  PARTS  OF  CAR  EQUIPMENT,  BEFORE  AND  AFTER  USING 
Recording  Wattmeters  on  Cars  at  Cape  Town.  Journal,  Tramways  and  Light 
Railway    Association,    Sept.,    1911,    p.    241. 

MANAGEMENT  OF   ELECTRIC  TRAMWAYS;  by  Bowker. 

PHYSICAL  VALUE  SCHEDULES  OF  THE  CLEVELAND  ELECTRIC  RAILWAY  CO. 
as  of   January   1,   1908. 

REPORT  OF  THE  STREET  RAILWAY  COMMISSION  TO  THE  DETROIT  COMMON 
Council  on  the  Valuation  of  the  Street  Railways  of  Detroit.  Journal  of  the 
Common  Council,  City  of  Detroit,  1899,  p.   .■!46. 

REPORTING  A  STREET  RAILWAY  EXAMINATION  (FROM  THE  CLIENT'S  POINT 
of  View)  ;  bv  W.  B.  Brockway.  Journal  of  Accountancy,  v.  4,  p.  16  (May, 
1907). 

STREET  RAILWAY  COSTS;  by  M.  E.  Cooley.  Public  Service,  v.  6,  p.  117  (April, 
1909). 

STREET  RAILWAY  FARES  IN  LARGE  CITIES;  by  Howard  S.  Knowlton.  Review 
nf   Reviews.   V.    32,    p.    80    (July     190.5). 

STREET  RAILWAY  SETTLEMENT  IN  CLEVELAND;  by  E.  W.  Bemis.  Quarterly 
Journal   of  Economics,  Aug.,    1908.     (Thirty-three   pages.) 
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STREET  AND  INTERURBAN  RAILROADS-UNVERIFIED  REFERENCES-(  Con«>mtd). 

TRAMWAY    BOOKKEEPING    ACCOUNTS;   by    D.   McGaH. 

VALUATION  OF  CLEVELAND  RAILWAY  CO.:   LETTER  OF  DEC.   17,   1909,  TO  CITY 

Council  of  Cleveland,  Ohio,  by  R.  W.  Taylor,  as  Arbitrator  Between  City  and 
Railways.       (Copy    in    files,    American    Electric    Railway    Association.) 

VALUATION    OF    PROPERTY    OF    RAILROADS    IN    THE    DISTRICT    OF    COLUMBIA. 

62d  Cong.,  2d  Sess.  Senate  Doc.  No.  335.  (Letter  in  response  to  Senate 
resolution  of  Feb.   14th,  1912.) 

TELEGRAPH  AND  TELEPHONE. 

AN  ANALYSIS  OF  COST  OF  TELEPHONE  SERVICE.  Electrical  World,  v.  55, 
p.   1243    (May   19,    1910).     (One  page.) 

DEPRECIATION    AND    REPLACEMENT    OF    GROWING    TELEPHONE    PLANTS;     by 

Burke  Smith.  Journal,  Western  Society  of  Engineers,  v.  17,  p.  779  (Oct., 
1912).     (Discusses   renewal,    life   and   depreciation   of   plant.) 

Abstract.     Depreciation    and    Replacement    of    Telephone    Equipment.     Electrical 

Review  and  WestC7-n  Electrician,  v.   60,  p.   790   (April  27,   1912).     (Very  brief.) 

THE  DEPRECIATION  OF  UNDERGROUND  CABLES;  by  F.  Fernie.  Electrical 
Review  (London),  v.  60,  p.  577  (April  5,  1907).  (Method  of  computing 
depreciation  of  cables.) 

DEPRECIATION  OF  UNDERGROUND  CONDUITS,  CABLES  AND  WIRES.  Electric 
Ruihvay  Jowrnal.  v.  33,  p.  881  (May  8,  1909).  (Classification  of  property  of 
the  American  Telephone  &  Telegraph  Co.  ;  very  brief.) 

DETERMINATION  OF  TELEPHONE  RATES  FOR  LARGE  EXCHANGES;  by  William 
H.  Crumb.  Journal,  Western  Society  of  Engineers,  v.  12,  p.  781  (Dec,  1907). 
(On  depreciation,  with  a  table  giving  per  cent,  to  be  allowed  to  depreciation 
account;   one-half   page.) 

PLANT-INVENTORV  AND  VALUATION.  Electrical  World,  v.  55,  p.  295  (Feb.  3, 
1910).  (Abstract  of  paper  by  W.  R.  McGk)vern  before  the  Wisconsin  Electrical 
Association  covering  in  a  general  way  methods  of  taking  inventories  of  tele- 
phone-exchange plants   in   Wisconsin. 

Abstract    and    Discussion.     Electric   Railway    Journal,    v.    35,    p.    184    (Jan.    29, 

1910). 

TELEPHONE  CONSTRUCTION  METHODS  AND  COST.  Chicago,  1908.  (Contains 
cost  data   from  the  actual   records   of  various  telephone  companies.) 

*UNIFORM    SYSTEM    OF    ACCOUNTS     FOR     TELEPHONE    COMPANIES    AS    PRE- 

scribed  by  the  Interstate  Commerce  Commission,  pp.  16,  34,  53,  66,  71,  77. 
Washington,    1912.     (Refers  to  treatment  of  depreciation.) 

TELEGRAPH  AND  TELEPHONE— SPECIAL  CASES. 

Augusta,  Wis. 

*IN    RE    APPLICATION    OF    J.    L.    BALL    FOR    AUTHORITY    TO    INCREASE    TELE- 

phone  Rates;    Submitted    Sept.    10,    1907,   Decided   Nov.   25,    1907.      In   Opinions 
and    Decisions    of    the    Railroad    Commission    of    the    State    of    Wisconsin,    v.    2, 
p.    105.      Madison,    Wis.,    1909.       (Brief    reference    to    physical    valuation.) 
Boston,   Mass. 

REPORT    TO    THE    MASSACHUSETTS    HIGHWAY    COMMISSION    ON    TELEPHONE 

Rates  for  Boston  and  Suburban  District ;  by  D.  C.  and  William  B.  Jackson. 
Boston,    1910.       (Diagrams,    tables    and    maps;    sixty-six    pages.) 

Chicago,  III. 

THE  APPRAISAL  OF  THE  CHICAGO  TELEPHONE  CO.  AND  A  COMPARISON  WITH 
the  Results  of  Three  Similar  Appraisals.  (Editorial.)  Engineering  and  Con- 
tracting,  V.    36,   p.   269    (Sept.    13,    1911).      (One   column.) 

APPRAISAL  OF  THE  CHICAGO  TELEPHONE  COMPANY  AND  DETERMINATION 
of  Fair  Rates  of  Charge ;  by  William  J.  Hageuah.  Engineering-Contract- 
ing, V.  36,  pp.  289,  445,  473  (Sept.  13,  Oct.  25,  Nov.  1.  1911).  (Method  of 
arriving   at  plant   value,   appraised  value   and   income   and   operating   expenses.) 

REPORT  ON  THE  TELEPHONE  SITUATION  IN  THE  CITY  OF  CHICAGO  IN  RESPECT 

to  Service,  Rates,  Regulation  of  Rates,  etc..  Submitted  to  the  Committee  on 
Gas,  Oil  and  Electric  Light  of  the  City  Council  of  the  City  of  Chicago  ;  by  a 
Special  Committee,  composed  of  Dugald  C.  Jackson,  William  H.  Crum,  and 
George  W.  Wilder.  April,  1907.  Chicago,  1907.  (The  Committee  states  that 
it  has  endeavored  to  obtain  data  from  Bell  Telephone  Companies  of  New 
York  and  elsewhere,  but  rates  seem  to  have  been  dictated  by  estimates  based 
on  experience  or  the  requirements  of  business  expediency.) 
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TELEGRAPH   AND   TELEPHONE— SPECIAL  CASES — {Continued). 

Clinton  Telephone  Co. 

*B.  B.  TIGHE  ET  AL.  VS.  CLINTON  TELEPHONE  COMPANY;  Submitted  Oct.  10, 
1908,  Decided  Dec.  2,  IOCS.  In  Opinions  and  Decisions  of  tlie  Railroad  Com- 
mission of  the  State  of  Wisconsin,  v.  3,  p.  117.  Madison,  Wis.,  1910. 
(Refers   to   tentative    valuation    of   physical    property.) 

Massachusetts. 

SIXTEENTH  ANNUAL  REPORT  OF  THE  MASSACHUSETTS  HIGHWAY  COMMIS- 
sion,  for  the  Fiscal  Year  ending  Nov.  30,  1908,  p.  158.  Boston,  1909. 
(Contains  report  by  Dugald  C.  Jackson  on  the  advisability  of  making  an  ap- 
praisal of  the  New   England  Telephone   &   Telegraph   Co.) 

17th,    p.    211.      Boston,    1910.       (Contains    a    summary    report   of   the    results   of 

the  inventory  and  appraisal  of  the  New  England  Telephone  &  Telegraph  Co., 
by  1).  C.  and  W.  B.  Jackson.) 

TELEPHONE  REPORT  TO  MASSACHUSETTS  HIGHWAY  COMMISSION.  Electrical 
World,  v.  55,  p.  984  (April  21,  1910).  (Brief  reference  to  report  on  the  New 
England  Telephone  &  Telegraph  Co.,  by  D.  C.  and  W.  B.  Jackson  ;  states  that 
this  report  on  traffic  and  operating  conditions,  together  with  the  appraisal 
which  appeared  previously,  is  the  most  detailed  analysis  ever  made  of  tele- 
phone rates  in  an  urban  area  of  such  scope.) 

Michigan. 

THE  VALUATION  AND  TAXATION  OF  TELEPHONE  COMPANIES  IN  MICHIGAN; 
by  W.  J.  Rice.  Electrical  World,  v.  37,  p.  196  (Feb.  2,  1901).  (Two  and  one- 
half    pages.) 

Portage,   Wis. 

*IN  RE  APPLICATION  OF  THE   PORTAGE  TELEPHONE  COMPANY   FOR  AUTHOR- 

ity   to    Increase    Rates;    Submitted    May   19.    1908.    Decided    Aug.    27,    1908.      In 
.    Opinions  and   Decisions  of  the  Railroad   Commission  of  the  State  of  Wisconsin, 

v.   2.   p.   692.      Madison,   Wis.,   1909.      (Contains  brief  data  on   valuation.) 
Seattle,    Wash. 
APPRAISAL    OF    THE    PACIFIC    TELEPHONE    AND    TELEGRAPH     COMPANY    OF 

Seattle;  by  Henry  L.  Gray.     Engineering  and  Contracting,  v.   36,  p.   332    (Sept. 

27,    1911).       (Gives    detailed    estimate    of   co.st    of    reproducing   the    plant;    five 

pages.) 
APPRAISAL    OF    THE    SEATTLE    TELEPHONE    COMPANIES    BY    THE    RAILROAD 

Commission   of  Washington  ;   by  Henry   L.   Gray.      Engineering  and   Contracting, 

v.    35,    p.    520    (May    3,    1911).       (Describes   the   work    and   explains   the   causes 

which  led  to  the  appraisal.) 
STUDY  OF  THE  TELEPHONE  SITUATION  IN  SEATTLE,  WASH.:  REPORT;  by  C.  H. 

Judson    and    F.    B.    Hall.      Engineering    Neics,    v.    65,    p.    652    (June    1,    1911). 

(On   depreciation   and  valuation;   one  column.) 
IVisconsin    Telephone   Co. 
*E.    E.    PAYNE    ET    AL.    VS.    WISCONSIN    TELEPHONE    COMPANY;    Decided    Aug. 

3,   1909.      In   Opinions  and   Decisions   of   the   Railroad   Commission   of  the    State 

of  Wisconsin,   v.  4,  p.   1.      Madison,   Wis.,  1910.      (Intangible  values   embracing 

franchise,   good  will  and  going  value  are  briefly  discussed.) 

TELEGRAPH  AND  TELEPHONE— UNVERIFIED  REFERENCES. 

DEPRECIATION    AND    REPLACEMENT    OF    GROWING    TELEPHONE    PLANTS;    by 

lUirke  Smith.    Telephony,  April  27,   1912.   p.   1062. 
NATIONAL     TELEPHONE     CO.,     LIMITED,     VS.     HIS     MAJESTY'S     POSTMASTER- 

General.      Great    Britain    Railway    and    Canal    Commission    Court.      .ludgment, 

Jan.   13,   1913,   pp.   4209-39. 
REPORT    OF    THE    INVESTIGATION    OF    THE    CHICAGO    TELEPHONE    COMPANY, 

1911:    by   William   J.    Hagenah. 
REPORT  OF  UNFAIR  TELEPHONE  RATES  IN  MINNEAPOLIS,  TAKES  UP  ALLOW- 

ance   for   Depreciation  ;    by    Gordon    Steele    &    Co.     Public   Service,    v.    5,    p.    106 

(Oct.,   1908). 
TELEPHONE    VALUATION,    OKLAHOMA.      Pioneer    Telephone    &    Telegraph    Co.    vs. 

E.   S.   Westenhaver  et  al.   and   State   of  Oklahoma.      Oklahoma   Supreme   Court, 

1910,    p.    1256. 

WATER  POWER— GENERAL. 

AN     ANALYSIS     OF     THE     "COMMERCIAL"     VALUE     OF     WATER-POWER     PER 

Horse-power   per   Annum ;    by   A.    F.    .Xagle.     Transaetions,   American    Society   of 
Mechanical  Engineers,  v.   24,  p.   286    (1903).     (With  discussion.) 
Abstract.    Engineering  Nercs,  v.   49,  p.  S3    (Jan.  22,   1903). 
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WATER  POWER — GENERAL — (Continued). 
THE  APPRAISAL  OF  WATER  POWER  RIGHTS;  by  Halbert  P.  Gillette.  Engineer- 
ing and  Contravting,  v.  38,  p.  624  (Dec.  4,  1912).  (Discusses  seven  methods 
of  appraisal  :  the  steam  comparison  method  ;  the  capitalized  profit  method  ;  the 
alternative  use  method ;  the  next  available  water  power  method  ;  the  public 
utility  factor  method;  the  market  value  method;  and  capitalized  rental  method.) 

COMMENTS  ON  DEVELOPMENT  AND  OPERATION  OF  HVDRO=ELECTRIC  PLANTS; 

by  Henry  L.  Doherty.  Proceedings,  American  Institute  of  Electrical  Engineers, 
v.  28,  Pt.  2,  p.  1362  (1909).  (Treat  of  value  of  water-power  securities,  cost 
of  power  and  depreciation.) 

Abstract.     Cost    and    Depreciation    of    Steam    and    Hydro-Electric    Installations. 

Electrical   World,  v.  54,  p.   1558    (Dec.   30,   1909). 

COMPARATIVE  COST  OF  STEAM  AND  WATER  POWER;  by  Charles  H.  Manning. 
Transactions,  American  Society  of  Mechanical  Engineers,  v.  10,  p.  499  (1889). 
(On  the  value  of  water  power.) 

THE  COMPARATIVE  VALUES  OF  WATER=POWER  AND  STEAM  POWER;  by  A.   C. 

Dunham.  Electrical  World,  v.  59,  p.  38  (Jan.  6,  1912).  (Advantages  and 
disadvantages  of  hydro-electric  stations  for  central-station  service  compared 
with  steam-driven   stations,   financial   considerations   involved.) 

Abstract.      The    Value    of    Water    Power.      Engineering    Record,    v.    65,    p.    181 

(Feb.  17,  1912). 

COMPUTATION    OF    THE    VALUE    OF    WATER    POWERS    AND    THE    DAMAGES 

Caused  by  the  Diversion  of  Water  Used  for  Power  ;  by  Charles  T.  Main.  Jour- 
nal, New  England  Water  Works  Association,  v.  21,  p.  214  (Sept.,  1907).  (Con- 
tains a  table  of  estimated  costs  per  horse-power  of  water-power  plants.) 

Abstracts.     Engineering-Contracting ,  v.   29,  p.   73    (Jan.   29,  1908)  ;  Jownal  of 

Electricity,  Power  and   Gas,  v.   22,   p.   20    (June   30,   1909). 

COMPUTATION    OF    THE    VALUES    OF    WATER    POWERS    AND    THE    DAMAGES 

Caused  by  the  Diversion  of  Water  Used  for  Power  ;  by  Charles  T.  Main.  Trans- 
actions, American  Society  of  Mechanical  Engineers,  v.  26,  p.  68  (1905).  (Gives 
definitions  of  value  and  damage  and  method  of  determining  value.) 

COST  OF  GENERATING  ELECTRIC  POWER;  by  F.  A.  Griffin.  Street  Railwaii 
Journal,  v.  26,  p.  1142  (Dec.  30,  1905).  (Gives  diagram  of  maintenance  of 
generating  station  and  states  that  the  cost  of  generating  power  by  water  can 
be  found  from  the  diagram  by  eliminating  the  cost  of  coal.) 

COST  OF  STEAM  AND  WATER  POWER;  by  Charles  T.  Main.  Transactions, 
American  Society  of  Mechanical  Engineers,  v.  11,  p.  108  (1889).  (On  value 
of  water  power.) 

THE  COST  OF  STEAM  POWER;  by  Charles  E.  Emery.  Transactions,  American 
Society  of  Civil  Engineers,  v.  12,  p.  425  (Paper  266.  Nov.,  1883).  (In  a 
suit  respecting  the  loss  of  power  by  the  diversion  of  water,  damages  were 
claimed  by  mill  owners  based  on  the  cost  of  purchasing,  operating  and  main- 
taining at  each  mill  a  small  engine  and  a  complete  independent  steam  plant.) 

DAMAGES  CAUSED  BY  THE  DIVERSION  OF  WATER=POWER;  by  Clemens  Hers- 
chel.  Journal,  New  England  Water  Works  Association,  v.  21,  p.  241  (Sept., 
1907).     (On  methods  of  estimating  market  value  of  water  power.) 

ELECTRIC  POWER  TRANSMISSION;  by  Frederick  Darlington.  Transactions, 
American  Institute  of  Electrical  Engineers,  v.  25,  p.  181  (1906).  (Cost  of 
developing  and  maintaining  hydro-electric  power  utilized  in  mill  work,  in 
comparison  with  steam  power.) 

ELECTRIC  TRANSMISSION  OF  WATER-POWER,  p.  1  ;  by  Alton  D.  Adams.  Mc- 
Graw  Publishing  Co.,  New  York,  1906.  (On  water-power  and  its  utility  in 
electrical  supply,   relates  to  the  cost  of  water  power;   two  chapters.) 

EVALUATION  OF  WATER  RIGHTS;  by  Arthur  Halsted.  Engineering  Record,  v. 
61,   p.   245    (Feb.   26,   1910).      (On   methods  of  valuation;   two  pages.) 

HYDRAULIC  DEVELOPMENTS  AS  RELATED  TO  ELECTRIC  INSTALLATIONS;  by 
William  B.  Jackson.  Journal,  Western  Society  of  Engineers,  v.  8,  p.  312 
(June,  1903).  (Contains  a  discussion  by  T.  T.  Johnson  on  the  economic  side 
of   a   water-driven    electric   plant.) 

HYDRO-ELECTRIC  POWER  VERSUS  STEAM  FOR  INDUSTRIAL  PURPOSES;  by  H 
von  Schon.  Enoineering  Magazine,  v.  33.  pp.  34,  184,  .353  (April,  May,  June. 
1907).  (A  comparison  of  costs  of  hydro-electric  and  steam  power  in  de- 
veloped   and    undeveloped    plants.) 

A  METHOD  OF  ESTIMATING  THE  LOSS  OF  WATER  POWER  IN  A  STREAM  BY 
Taking  Water  Therefrom  for  a  City  Supply  ;  by  L.  M.  Hastings.  Journal,  New 
England  Water  Works  Association,  v.  7,  p.  187  (June,  1893).  (Discussion  on 
the   value   of   the   water   power.) 

Abstract.     Engineering   Record  v.   27,    p.    296    (March   11,    1893). 
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WATER    POWER — GENERAL — (Continued). 
NOTES  ON  DESIGN  OF  HVORO-ELECTRIC   POWER  STATIONS,  WITH   REFERENCE 

to  the  Influence  of  Ixiad-Faitor  :  by  Uavid  B.  Rushmore.  Transactions,  Ameri- 
can Institute  of  Electrical  Engineers,  v.  25,  p.  145  (1906).  (The  discussion 
of  costs   is  confined  to   general  principles;  definite  values  are  not  given.) 

ON  THE  VALUE  OF  A  HORSE-POWER;  by  George  I.  Rockwood.  Transactions, 
American  Society  of  Mechanical  J^ngineers,  v.  21,  p.  590  (1900).  (On  the 
dispute  between  the  city  officials  of  Worcester  and  the  mill  owners  on  the 
loss   of  power   by   the  diversion   of   water   for  the  Worcester  Reservoirs.) 

THE   RELATION  OF   LOAD-FACTOR  TO    THE   EVALUATION  OF   HYDRO -ELECTRIC 

Plants  ;  by  S.  B.  Storer.  Transactions,  American  Institute  of  Electrical  Ehi- 
gineers,  v.  25,  p.  139  (1906).  (Contains  diagrams  giving  comparative  cost 
of  steam  and  hydro-electric  plants.) 

RELATION  OF  STEAM  TO  WATER  POWER;  by  James  G.  Hill.  Transactions,  New 
England  Cotton  Manufacturers'  Association,  v.  65,  p.  333  (1898).  (Contains  a 
table  giving  yearly  cost  of  1   h.p.   of  water.) 

THE  SALE  AND  MEASUREMENT  OF  ELECTRIC  POWER;  by  S.  B.  Storer.  Street 
Haihcai/  Journal,  v.  27,  p.  1018  (June  30,  1906).  (Contains  diagrams  giving 
methods  of  plotting  costs  and  prices  per  horse-power  per  year  of  steam  or 
hydro-electric  power.) 

STORAGE  AND  PONDAGE  OF  WATER;  by  Joseph  P.  Frizell.  Transactions,  Ameri- 
can Society  of  Civil  Engineers,  v.  31,  pp.  29,  552  (Papers  688  and  709.  Jan., 
May,   1894).      (On  the  valuation  of  water  power.) 

VALUATION  OF  MANUFACTURING  PROPERTY  FOR  TAXATION;  by  Charles  T. 
Main.  Transactions,  New  England  Cotton  Manufacturers  Association,  v.  67, 
p.  108  (1899).  (Contains  data  on  the  method  of  determining  the  value  of 
water   power.) 

THE    VALUATION    OF    WATER     POWER     AND    THE     ESTIMATION    OF    STREAM 

Diversion  Damages  ;  by  Robert  B.  Horton.  Proceedings,  American  Water 
Works  Association,   v.   29,  p.   1    (1909).      (Twenty-five  pages.) 

THE    VALUE    AND    DESIGN   OF    WATER    POWER    PLANTS    AS    INFLUENCED    BY 

Load-Factor  ;  bv  Frederick  A.  C.  Perrine.  Journal,  Franklin  Institute,  v.  162, 
p.   269    (Oct.,    1906). 

THE  VALUE  OF  A  WATER  POWER;  by  Charles  T.  Main.  Transactions,  American 
Society  of  Mechanical  Engineers,  v.  13,  p.  140  (1891).  (On  method  of  es- 
timating the  value  of  water  power  with  relation  to  condemnation  proceed- 
ings.) 

THE  VALUE  OF  WATER;  by  Alton  D.  Adams,  Municipal  Engineer,  v.  37,  p.  77 
(Aug.,  1909).  (Decision  of  the  Massachusetts  Court  as  to  the  general  rule 
of  compensation  where  water  is  taken  under  legislative  authority  for  public 
use.) 

Editorial.     Value  of   Water  and  Water   Power.     Municipal  Engineering,  v.   37, 

p.   102    (Aug.,   1909). 

THE  VALUE  OF  WATER  POWER.  (Editorial.)  Engineering  Record,  v.  33,  p. 
597  (May  9,  1896).  (Dealing  with  the  general  and  special  conditions  and 
circumstances  that  should  be  considered  in  the  condemnation  of  water  sup- 
plies   for   municipal    purposes:    two   columns.) 

WATER  POWER.  In  Geological  Survey  of  New  Jersey,  Final  Report,  v.  3.  Henry 
B.  Kumniel,  State  Geologist.  Trenton.  N.  J.,  1894.  (Data  on  the  cost  of 
water  power.) 

WATER  RIGHTS;  by  Richard  A.  Hale.  Journal,  New  England  Water  Works  Asso- 
ciation, v.  21,  p.  248  (Sept.,  1907).  (The  discussion  of  this  paper  relates  to 
the  valuation   of  water  power.) 

WATER  POWER— SPECIAL  CASES. 

Beloit,  Wis. 

♦CITY  OF  BELOIT  VS.  BELOIT  WATER,  GAS  AND  ELECTRIC  COMPANY;  Decided 
July  19.  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  7,  p.  246.  Madison,  Wis.,  1912.  (Gives  estimates  of 
value  of  the  water  power.) 

♦VALUATION  OF  WATER  POWER.  Engineering  Record,  v.  61,  p.  153  (Feb.  5, 
1910).  (Case  of  the  Beloit  Water,  Gas  &  Electric  Co.  before  the  Wisconsin 
Railroad   Commission  :    abstracts  of  testimony.) 

Boston,  Mass. 

BOSTON  BELTING  COMPANY  VS.  CITY  OF  BOSTON.  Boston,  1899.  (Suit  re- 
lates to  the  diversion  of  water  from  Stony  Brook  and  the  value  of  the  water 
power;   fifty-nine  parts.) 
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WATER    POWER — SPECIAL    CASES — (Continued). 
Bronx  River. 
CALCULATIONS   OF   THE   MEAN    HORSE-POWER   OP   A   VARIABLE   STREAM   AND 

the  Cost  of  Replacing  the  Power  Lost  by  a  Partial  Diversion  of  the  Flow  ;  by 
William  H'.  Grant.  Tranftavtions ,  American  Society  of  Civil  Engineers,  v. 
22,  p.  389  (Paper  440.  June,  1890).  (In  regard  to  the  claims  of  property 
owners  for  diversion  of  part  of  the  waters  of  the  Bronx  River.) 

Coymecticut  River  Transmission  Co. 

HEARING  ON  CONNECTICUT  RIVER  TRANSMISSION  COMPANY'S  FRANCHISE. 
Electrical  M  uvld,  v.  53,  p.  4S6  (Feb.  25,  1909).  (Brief  data  on  the  estimated 
value  of  the  plant.) 

Everett    (Wash.)    Ry.,  Light  i-  Power   Co. 

*THE  APPRAISAL  OF  WATER  RIGHTS.  Engineering  and  Contractinp,  v.  37, 
p.  429  (April  17,  1912).  (Report  made  by  Halbert  P.  Gillette  to  the  Everett 
Ry.,  Light  &  Water  Co.  as  part  of  the  Company's  exhibits  in  a  recent  hearing 
before   the   Washington   Public   Service   Commission.) 

Holyokc,  Mass. 

HOLVOKE  WATER  POWER  CO.  VS.  CITY  OF  HOLYOKE.  20  v.  George  H.  Ellis, 
Boston,    1899.       (Suit   in   regard   to   the   value   of   the   water   power.) 

Illinois. 

REPORT  ON  THE  WATER  POWER  OF  THE  ROCK  RIVER  AT  STERLING  AND 
Rock  Falls,  Illinois,  and  the  Probable  Effect  on  the  Power  of  the  Diversion  of 
Water  for  Feeding  the  Illinois  and  Mississippi  Canal  ;  by  Daniel  W.  Mead. 
The  Author,  Chicago,  1904.  (Gives  the  value  of  water  power  destroyed  by 
diversion   of   water.) 

Kaukauma,  Wis. 

*IN  RE  DETERMINING  AND  FIXING  THE  JUST  COMPENSATION  TO  BE  PAID  TO 
the  Kaukauma  Gas,  Electric  Light  &  Power  Company  by  the  City  of  Kau- 
kauma, for  the  Property  of  Said  Company  Actually  Used  and  Useful  for  the 
Convenience  of  the  Public  ;  Submitted  Feb.  6,  1911,  Decided  Dec.  2G,  1911 
In  Opinions  and  Decisions  of  the  Railroad  Conuaisslon  of  the  State  of  Wis- 
consin, v.  8,  p.  417.  Madison,  Wis.,  1912.  (On  the  value  of  a  water-power 
lease.) 

Kennebec   River. 

WATER=POWER  OF  CARATUNK  FALLS,  KENNEBEC  RIVER,  MAINE;  by  Samuel 
McElroy.  Transactions,  American  Society  of  Mechanical  Engineers,  v.  17, 
p.   58   (1895-96).    (On   the  relative  cost  of   steam   and  water  power.) 

Abstract.     Engineering  Neivs,  v.  34,   p.  422    (Dec.  26,   1895). 

Nashua  River  Paper  Co. 

NASHUA  RIVER  PAPER  COMPANY  VS.  COMMONWEALTH  OF  MASSACHUSETTS. 
4  V.  Wright  &  Potter  Printing  Co.,  Boston,  1901.  (On  damages  to  be 
awarded  for  drawing  off  the  water  flowing  by  the  plaintiff's   mills.) 

Newton,  N.  J. 

AN  IMPORTANT  DECISION  UPON  A  MILL  OWNER'S  SUIT  TO  COLLECT  DAM- 
ages  for  the  Diversion  of  Water.  (Letter)  ;  by  Louis  L.  Tribus.  Engineering 
News.  V.  43,  p.  228  (April  5,  1900).  (Gives  text  of  decision  in  the  case  at 
Newton,   N.   J.) 

NOTES  ON  NEWTON,  N.  J.,  WATER  WORKS  CONSTRUCTION  AND  LITIGATION; 
by  Louis  L.  Tribus.  Journal,  New  England  Water  Works  Association,  v.  23,  p. 
145  (June,  1909).  (Decision  of  Court  as  to  valuation  of  water  power  di- 
verted for  Newton,   N.  J.,   Water- Works.) 

Niagara  Falls. 

COURT  OF  APPEALS:  THE  PEOPLE  OF  THE  STATE  OF  NEW  YORK,  EX  REL. 
Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company,  Appellant, 
Against  State  Board  of  Tax  Commissioners,  Respondents  :  Respondents'  Points. 
Buffalo,  1911.  (On  valuation  of  property  of  the  Niagara  Falls  Hydraulic 
Power  Co.) 

COURT  OF  APPEALS:  THE  PEOPLE  OF  THE  STATE  OF  NEW  YORK,  EX  REL. 
the  Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company,  Appellant, 
versus  the  State  Board  of  Tax  Commissioners,  Respondents,  John  L.  Romer, 
Counsel  for  Appellant:  Points  for  Appellant.  Buffalo,  1910.  (Relates  to 
valuation   of  property  of  the   Niagara   Falls   Hydraulic   Power  Co.) 

SUPREME  COURT,  ERIE  COUNTY:  THE  PEOPLE  OF  THE  STATE  OF  NEW  YORK, 
ex  rel.  the  Niagara  Falls  Hydraulic  Power  &  Manufacturing  Company,  against 
the  State  Board  of  Tax  Commissioners,  no  place,  no  date.  (Decision  In 
regard  to  the  valuation  of  property  of  the  Niagara  Falls  Hydraulic  Power  Co.) 

WATER  POWER  AT  NIAGARA  FALLS;  by  Samuel  McElroy.  Journal,  Association 
of  Engineering  Societies,  v.  4,  p.  395  (Sept.,  1885).  (Estimation  of  the 
value   of  water   power  by   Commissioners   to    award   damages.) 
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WATER    POWER — SPECIAL   CASES — (Coritinued). 
Troy,  N.   Y. 
ABSTRACT  FROM  THE  REPORT  OF  THE  WATER  COMMISSIONERS,  TROY,  N.  Y., 

Dniiiages  to  Mill  Powers;  by  William  O.  Raymond.  Journal.  New  England 
Water  Works  .Association,  v.  13.  p.  I."i2  (Dee.,  1898).  (On  the  method  of 
estimating  value  of  water  power;   cost  of  damages.) 

Waltham,  Mass. 

WATER  POWER,  ITS  MEASUREMENTS  AND  VALUE,  WITH  DATA  RESPECTING 
Damages  Awarded  ;  by  George  A.  Kimball.  Journal.  Association  of  Engineer- 
ing Societies,  v.  13,  p.  71  (Feb.,  1894).  (Paper  read  before  the  Boston  So- 
ciety of  Civil  Engineers;  .some  of  the  facts  presented  in  evidence  before  the 
commission    to    award   damages    in   the   City   of   Waltham,    Mass.) 

IVousau,   ^\'is. 

*FRANK  B.  L.  FULLMER  VS.  WAUSAU  STREET  RAILROAD  COMPANY;  Decided 
April  1,  1910.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  5,  p.  125.  Madison,  Wis.,  1911.  (Gives  basis  of  de- 
termining value  of  water   power.) 

Worcester.    Mass. 

KETTLE  BROOK  AND  BLACKSTONE  VALLEY  MILL  OWNERS,  PETITIONERS,  VS. 
City  of  Worcester.  5  v.  Worcester,  1899.  (Final  arguments  in  a  suit  on 
the   loss  of  power  from  the   diversion   of  water.) 

WATER=WORKS— GENERAL. 

THE  APPRAISAL  AND  DEPRECIATION  OF  WATER  WORKS  AND  SIMILAR   PROP- 

erties ;  by  William  H.  Bryan.  Journal,  Association  of  Engineering  Societies, 
v.   39,  p.  336    (Dec,  1907).     (Forty-five  pages.) 

Abstract.      Depreciation  Allowances  for  Various  Public-Service  Industries.      En- 

ijincerxng  Xeics,  v.   59,   p.   96    (Jan.    23,    1908). 

THE  APPRAISAL  OF  PLANTS  FOR  PUBLIC  SERVICES;  by  Nicholas  S.  Hill,  Jr. 
Engineering  Reeord,  v.  43,  p.  546  (June  8,  1901).  (On  methods  of  evaluation 
of   water-works,   etc.,   by   the   city.) 

THE  APPRAISAL  OF  WATER  WORKS  PROPERTIES  WITH   SPECIAL  REFERENCE 

to  the  Reproduction  Method.  Engineering  and  Contracting,  v.  39,  p.  420  (April 
9,  1913).  (Paper  read  by  Douglas  A.  Graham  before  the  Illinois  Water  Supply 
Association.) 

Engineering  News,  v.  69,  p.  677   (April  3,  1913). 

Engineering  Record,  v.   67,   p.  532    (May   10,   1913). 

THE  ARBITRATION  OR  APPRAISAL  OF  THE  VALUE  OF  PUBLIC  UTILITIES;  by 
Daniel  W.  Mead.  Proceedings,  American  Water  Works  Association,  v.  22,  p. 
132  (1902).  (On  the  appointment  of  boards,  duties  of  appraisers,  evidence  on 
the  part  of  the  company  and  of  the  municipality,  and  basis  of  valuation.) 

CONSTRUING   CERTAIN  CLAUSES  IN  MUNICIPAL   FRANCHISES;  by   John   W.   Hill. 

Proceedings,   American   Water   Works   Association,   v.   19,   p.    223    (1899).      (On 

the  value  of  water-works  plants.) 
■ Abstract.    Engineering  Record,  v.   39,   p.   594    (May  27,   1899). 

DEPRECIATION;  by  John  W.  Alvord.  Proceedings.  American  Water  Works  Asso- 
ciation, v.  23,  p.  473  (1903).  (Takes  up  the  physical  depreciation  of  pumping 
engines,  stand-pipes,  boilers,   etc.;   fifty-one  pages.) 

DEPRECIATION  AS  APPLIED  TO  WATER  WORKS  PROPERTIES;  by  Morris 
Kiiowles.      no  place,   1910.      (Eighteen  pages.) 

DEPRECIATION  CHARGES.  (Letter)  :  by  Charles  W.  Helwick.  Engineering 
h'rrord.  v.  59,  p.  672  (May  29,  1909).  (On  valuation  of  water-works;  very 
brief.) 

DEPRECIATION    IN     CAST     IRON     PIPE.     Municipal    Engineering,    v.     41,     p.     211 

(Sept..    1911).     (Estimates   for   purpose  of  valuation.) 
DEPRECIATION    IN    WATER    WORKS    ACCOUNTS,    WITH     REFERENCE    TO    UNI- 

form    Reports  ;    by    Harvey    S.    Chase.      Journal,    New    England    Water    Works 
Association,    v.    24,    p.    305    (June,    1910).      (Discusses    depreciation    in    general 
as  well  as  its  relation  to  accounts;  twenty-six  pages.) 
-Abstract.    Engineering-Contracting,  v.   33,  p.   598   (June  29,   1910). 

Editorial.    Depreciation  and  Sinking  Fund  Accounts.    Municipal  Enaineerina    v. 

.S9,  p.  26    (July,  1910).  ^' 

DEPRECIATION  IN  WATER  WORKS  OPERATION  AND  ACCOUNTING;  by  Leonard 
.Metcalf.  Journal.  .New  England  Water  Works  Association,  v.  24,  p.  442  (Dec, 
1910).     (Thirty  pages,  with  diagrams.) 
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WATER=WORKS — GENERAL — (Co7itinued) . 

Abstracts.  Engineering  News,  v.  64,  p.  482  (Nov.  3,  1910)  ;  Methods  of  Com- 
puting Depreciation  of  and  Reasonable  Assumptions  as  to  Period  of  Useful 
Life  of  Water  Works.  Engineering  and  Contracting,  v.  34,  p.  434  (Nov.  16, 
1910). 

Discussion.    Methods  of  Making  Computations  for  Depreciation  in  Public  Utility 

Plants.    Engineering-Contracting,  v.   34,   p.   590    (Dec.   28,   1910). 

A  DISCUSSION  OF  DEPRECIATION  AND  A  COMPARISON  OF  RATES  AND  BOOK- 
keeping  Methods  of  Municipally  and  Privately  Owned  Water  Works.  Proceed- 
ings, American  Water  Works  Association,  v.  32,  p.  325  (1912).  (Discusses 
report  of  Committee  on  Depreciation;   twenty-two  pages.) 

Abstract.    Depreciation  ;  by  John  W.  Alvord.    Engineering  Record,  v.  65,  p.  670 

(June  15,    1912). 

THE  FINANCIAL  MANAGEMENT  OF  WATER- WORKS;  by  E.  Kuichling.  Transac- 
tions, American  Society  of  Civil  Engineers,  v.  38,  p.  1  (Paper  809.  Dec,  1897). 
(Discusses  annual  expenses  of  water-works,  including  depreciation  fund,  yearly 
extensions,    minor    betterments,    and    future    additions.) 

THE  FINANCIAL  MANAGEMENT  OF  WATER  WORKS;  by  Freeman  C.  Coffin. 
Journal,  New  England  Water  Works  Association,  v.  11,  p.  63  (Sept.,  1896). 
(Gives  tables  of  water-works  statistics;  original  cost,  cost  of  annual  main- 
tenance,   etc.) 

FINANCIAL  QUESTIONS  IN  WATER- WORKS  VALUATION;  by  John  W.  Alvord. 
Proceedings,  American  Water  Works  Association,  v.  22,  p.  142  (1902).  (On 
the  business  value,  the  franchise  value  and  the  fair  return.) 

Abstracts.     Engineering    Record,    v.    46,    p.    30    (July    12,    1902)  ;    Engineering 

News,  V.   47,  p.  509    (June  19,   1902). 

THE  GOING  VALUE  OF  WATER  WORKS;  by  Leonard  Metcalf  and  John  W.  Alvord. 
Transactions,  American  Society  of  Civil  Engineers,  v.  73,  p.  334  (Paper  1199. 
Sept.,   1911).     (Sixty-six   pages.) 

METHOD  OF  ARBITRATION  WITH  REFERENCE  TO  VALUE  OF  WATER  WORKS 

Plants ;  by  Peter  Milne.  Proceedings,  American  Water  Works  Association,  v. 
17,  p.  25  (1897).  (On  the  tangible  property  and  its  value,  value  of  franchise, 
and  their  relation  ;  two  and  one-half  pages.) 

MUNICIPAL  WATER  SUPPLY  REVENUE;  by  James  L.  Tighe.  Journal,  New  Eng- 
land Water  Works  Association,  v.  18,  p.  352  (Dec,  1904).  (On  taxation;  re- 
fers to  the  proper  valuation  of  water-works.) 

THE  NECESSARY  ELEMENTS  FOR  WATER=WORKS  VALUATION;  by  John  W. 
Alvord.  Engineering  Netrs,  v.  63,  p.  286  (March  10,  1910).  (Paper  read 
before  the  Indiana  Sanitary  and  Water  Supply  Association  ;  outlines  four 
methods  of  valuing  public  utility  property  which  have  been  upheld  by  the 
Courts,   and   discusses   in   detail   the   valuation   by   reproduction.) 

NOTES  ON  GOING  VALUE  AND  METHODS  FOR  ITS  COMPUTATION;  by  John  W. 
Alvord.  Proceedings,  American  Water  Works  Association,  v.  29,  p.  184  (1909). 
(Contains  data  on  the  valuation  of  water-works  properties;   ninety-live  pages.) 

Abstract.    Engineering -Contracting,  v.   32,   p.   95    (Aug.   4,   1909). 

THE    PRINCIPLES   GOVERNING   THE    VALUATION    FOR    RATE    FIXING    PURPOSES 

of  Water  Works  Under  Private  Ownership  ;  by  Arthur  L.  Adams.  Journal, 
Association  of  Engineering  Societies,  v.  36,  p.  37  (Feb.,  1906).  (On  the 
valuation  of  water-works  by  the  Government ;  paper  read  before  the  Pacific 
Coast   Engineering   Congress.) 

Engineering  Record,  v.   52,   p.   153    (Aug.    5,    1905). 

RATING  OF  WATER  UNDERTAKINGS;  by  F.  J.  Bancroft.  Transactions,  British 
Association  of  Waterworks  Engineers,  v.  5,  p.  26  (1900).  (Discusses  the 
taxation  and  valuation  of  English  water-works,  with  reference  to  the  Valua- 
tion (Metropolis)   Act,  1869.) 

Journal  of  Gas  Lighting,  v.   76,  p.  24    (July  3,   1900). 

SOME  FUNDAMENTAL  CONSIDERATIONS  IN  THE  DETERMINATION  OF  A  REASON- 
able  Return  for  Public  Fire  Hydrant  Service  ;  by  Metcalf,  Kuichling  and  Haw- 
ley.  Proceedings,  American  Water  Works  Association,  v.  31,  p.  55  (1911). 
(Contains  data   on  the  valuation   of  water-works.) 

TABLE  SHOWING  LIFE  AND  DEPRECIATION  OF  WATER  WORKS  PLANTS.  Mu- 
nicipal Journal  and  Engineer,  v.  24,  p.  558   (May  6,  1908). 

TOWN  WATER-WORKS  FROM  A  FINANCIAL  STANDPOINT;  by  W.  L.  Hedenberg. 
Municipal  Engineering,  v.  15,  p.  341  (Dec,  1898).  (On  value  of  a  plant 
after  several   years'   use;   theoretical.) 

VALUATION  OF  WATER  WORKS;  by  Alton  D.  Adams.  Municipal  Journal,  v.  32, 
p.  942  (June  20,  1913).  (Cost  of  reproduction,  value  of  plant  site,  distribu- 
tion system,   adequateness  of  plant,  depreciation.) 
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WATER- WORKS — GENERAL — (Continued). 

VALUATION  OF  WATER-WORKS  PROPERTIES;  by  Charles  E.  Burdick.  Engineer- 
ing-Contracting, V.  23,  p.  123S  (Oct.  23,  1907).  (On  physical  value,  deprecia- 
tion, going  value  and  franchise  value  ;  abstract  of  paper  read  before  Wiscon- 
sin League  of  Municipalities;    four  pages.) 

Municipal  Journal  and  Engineer,  v.  23,  p.  302   (Sept.  11,   1907). 

VALUATION  OF  WAIER- WORKS  PROPERTY;  by  Wynkoop  Kiersted.  Transac- 
tions. American  Society  of  Civil  Engineers,  v.  38,  p.  115  (Paper  813.  Dec, 
1S97).      (100   page.^,   including  discussion.) 

WATER-WORKS  APPRAISALS;  by  Burns  and  McDonnell.  Engineering  Record,  v. 
59,  p.  61G  (May  15,  1909).  (Gives  brief  descriptions  of  appraisals  in  nine 
different  cities.) 

WATER-WORKS  MANAGEMENT  AND  MAINTENANCE;  by  Winfred  D.  Hubbard 
and  Wynkoop  Kiersted.  John  Wiley  &  Sons,  New  York,  1907.  (Contains  a 
chapter  on  franchise,  water  rates,  and  depreciation.) 

WATER-WORKS— SPECIAL  CASES. 

Antigo,   Wis. 

♦GEORGE  W.  HILL  ET  AL.  VS.  ANTIGO  WATER  COMPANY;  Submitted  June  29, 
190S,  Decided  August  3,  1909.  In  Opinions  and  Decisions  of  the  Railroad 
Commission  of  the  State  of  Wisconsin,  v.  3,  p.  623.  Madison,  Wis.,  1910. 
(Gives  methods  of  valuation  of  water- works  plant.) 

Appleton.    Wis. 

*CITY  OF  APPLETON  VS.  APPLETON  WATER  WORKS  COMPANY;  Decided  May 
14,  1910.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State 
of  Wisconsin,  v.  5,  p.  215.  Madison,  Wis.,  1911.  (Discusses  the  determina- 
tion of  the  present  value  and  reproduction  of  physical  property,  value  of 
franchises,  etc.) 

The  Appleton  Water-Works  Decision.      Engineering  Record,  v.  62,  p.  158   (Aug. 

6,  1910).      (Two  pages.) 

Decision  of  the  Railroad  Commission  of  Wisconsin  in  the  Appleton  Water- 
Works  Case.  Engineering  News,  v.  63,  p.  697  (June  16,  1910).  (Two 
pages. ) 

*IN  RE  DETERMINING  AND  FIXING  A  JUST  COMPENSATION  TO  BE  PAID  TO 
the  Appleton  Water  Works  Company  by  the  City  of  Appleton  for  the  Taking 
of  the  Property  of  Said  Company  ;  Submitted  Oct.  24,  1910,  Decided  Dec.  7, 
1910.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State 
of  Wisconsin,  v.  6,  p.  97.  Madison,  Wis.,  1912.  (Detailed  summary  of  valu- 
ation of  physical  property  of  the  Appleton  Water- Works  Co.,  five-year  average, 
franchise  value  and  going  value.) 

Ashland    Wis. 

*CITY  OF  ASHLAND  VS.  ASHLAND  WATER  COMPANY;  Decided  Nov.  1.  1909. 
In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State  of  Wis- 
consin, v.  4,  p.  273.      Madison,   Wis.,   1910. 

Augusta,  Me.     See  Maine. 

Baltimore.  Md. 

A  RETROSPECT  OF  AN  ARBITRATION  ON  THE  VALUE  OF  A  WATER  WORKS; 
bv  .Mbert  H.  Wehr.  Procccdinas.  American  Water  Works  Association,  v.  26, 
p.  361  (1906).  (The  Mayor  and  City  Council  of  Baltimore  against  the  Balti- 
more County  Water  &  Electric  Co.  ;  shows  method  and  principle  applied  to 
appraisal    of   the   property.) 

Abstract.  Arbitration  on  the  Value  of  a  Water-Works.  Municipal  Engineer- 
ing, V.   31,   p.   135    (Aug.,   1906). 

BrUiit.    Wis. 

*CITY  OF  BELOIT  VS.  BELOIT  WATER,  GAS  AND  ELECIRIC  COMPANY;  Decided 
July  19,  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  7,  p.  201.  Madison,  Wis.,  1912.  (Includes  appraisal 
of  the  physical   property   of  the   Water- Works   Department.) 

Fixing   Normal    Operating   Costs  ;    by    Frank    A.    Newton.      Engineering    Record, 

V.  65,  p.  258  (March  9,  1912).  (Comments  on  the  decision  of  the  Wisconsin 
Railroad  Commission  in  the  case  of  the  City  of  Beloit  vs.  the  Beloit  Water, 
Gas  &  Electric  Co.) 

Birmingham.   Ala. 

THE  MERIDIAN  CASE;  by  W.  J.  Mllner.  Proceedings.  American  Water  Works 
Association,  v.  16,  p.  204  (1896).  (Concerning  the  appraisal  of  the  Birming- 
ham,  Ala..   Water-Works,  on   their  purchase  by   the  City.) 

Brunsicick,  Me.      See  Maine. 
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WATER=WORKS — SPECIAL    CASES — (Continued). 
California. 
*UN1F0RM   CLASSIFICATION   OF   ACCOUNTS    FOR    WATER   CORPORATIONS    PRE= 

scribed  bv  the  Railroad  Commission  of  the  State  of  California ;  Adopted  Oct. 
23,   1912  :   Effective  Jan.   1,   1913.      Sacramento,   1912. 

Chicago.  III. 

THIRTY  =  FOURTH    ANNUAL    REPORT    OF   THE    DEPARTMENT   OF    PUBLIC    WORKS 

to  the  City  Council  of  the  City  of  Chicago  for  the  Year  Ending  Dec.  31,  1909. 
pp.  320,  321.  Chicago,  1911.  (Gives  tables  of  appraisement  of  water- 
works equipment  and  percentage  of  depreciation.) 

Chippewa   Falls,   Wis. 

*T.  J.  CUNNINGHAM  ET  AL.  VS.  CHIPPEWA  FALLS  WATER  WORKS  AND  LIGHT= 

Ing  Company :  In  Re  Investigation  by  the  Railroad  Commission  of  Wisconsin 
of  Rates  Charged  by  the  Chippewa  Falls  Water  Works  and  Lighting  Company  ; 
In  Re  Valuation  of  the  Property  of  the  Chippewa  Falls  Water  Works  and 
Lighting  Company  ;  Decided  June  14,  1910.  In  Opinions  and  Decisions  of  the 
Railroad  Commission  of  the  State  of  Wisconsin,  v.  5.  p.  302.  Madison,  Wis., 
1911.  (Consideration  of  factors  affecting  plant  value,  going  value,  working 
capital   and  accruing  depreciation.) 

Contra  Costa,  Cal. 

VALUATION  OF  THE  WORKS  OF  THE  CONTRA   COSTA  WATER   COMPANY.      En- 

ginccring  Record,  v.  43.  p.  516  (June  1,  1901).  (Review  of  a  decision  in 
a  California  Court  in  which  the  value  of  the  prsperty  of  a  water-works  com- 
pany Is   placed   at  two   and   one-half  times   its   cost.) 

Denver,  Colo. 

REPORT  OF  THE  BOARD  OF  APPRAISERS  AND  ARBITRATORS  UPON  THE  PROP- 

erty  of  the  Denver  Union  Water  Company,  March  20,  1909.  Denver,  1909. 
(Report  made  to  the  Mayor  and  City  Council,  giving  estimates  on  real  and 
personal  property;  forty-six  pages.) 

Fond  du  Lac,  Wis. 

*IN   RE  DETERMINING  AND  FIXING  JUST  COMPENSATION   TO   BE   PAID  TO   THE 

Fond  du  Lac  Water  Company  by  the  City  of  Fond  du  Lac  for  the  Property  of 
Said  Company  Actually  Used  and  Useful  for  the  Convenience  of  the  Public ; 
Submitted  April  15,  1910,  Decided  Aug.  19,  1910.  In  Opinions  and  Decisions 
of  the  Railroad  Commission  of  the  State  of  Wisconsin,  v.  5,  p.  482.  Madison, 
Wis.,    1911.      (Discusses   the   original    value   of   plant   depreciation,    etc.) 

Valuation    of    the    Fond    du    Lac    Water-works.       Engineering    Record,    v.    62, 

p.  275  (Sept.  2,  1910).  (Reviews  the  principles  on  which  the  Railroad 
Commission  of  Wisconsin  based  Its  findings;   two  pages.) 

Freeport,  III. 

A   COMPARATIVE  STUDY  OF  THE  FOUR   PRINCIPAL   METHODS  OF  APPRAISING 

the  Value  of  Public  Utilities  with  Special  Reference  to  the  Valuation  of  the 
Freeport  (III.),  Water  Works  Properties.  Engineering  and  Contracting,  v.  38, 
pp.  368,  396  (Oct.  2,  9,  1912).  (The  original  cost  method;  the  commercial 
or  comparative  method ;  the  value  of  a  plant  as  found  by  the  market  value 
of  its  securities ;  and  the  cost  of  reproducing  the  property  at  the  present 
normal  prices  of  material  and  labor.) 

Gloucester,  Mass. 

THE  APPRAISAL  OF  THE  GLOUCESTER  WATER=WORKS.  Engineering  Record. 
v.  40,  p.  264  (Aug.  19,  1898).  (A  review  of  the  principles  adopted  by  the 
commissioners  appointed  to  hear  testimony  and  appraise  the  value  of  a  private 
water    company.) 

^Appraisal   of  the  Gloucester  Water-Works.      Engineering  Record,   v.   44,   p.    121 

(Aug.  10,  1901).  (A  decision  of  the  Supreme  Judicial  Court  of  the  Common- 
wealth of  Massachusetts  on  the  valuation  of  water- works.) 

Great  Britain. 

THE  VALUATION  OF  WATER-WORKS  UNDERTAKINGS  ON  TRANSFER  TO  Mu- 
nicipal Authorities;  by  E.  J.  Silcock.  Surveyor  and  Municipal  and  County 
Engineer,  v.  43,  p.  920  (June  13,  1913).  (Paper  read  before  the  Institution 
of  Water  Engineers ;  general  principles  on  valuation  of  water-works  property 
In   Great  Britain.) 

Indianapolis,  Ind. 

REPORT    OF    THE    BOARD    OF    PUBLIC    WORKS.     INDIANAPOLIS,     1898,    p.     13. 

Indianapolis,    1898.      (Contains    report    upon    the   physical    condition    and    value 

of  the  property  of  the  Indianapolis  Water  Co.) 


Papers.]       BIBLIOGRAPHY:    VALUATION  OF  PUBLIC  UTILITIES  1331 

WATER-WORKS — SPECIAL    CASES — (Continued) . 

Janesville,  Wis. 

*CITY  OF  JANESVILLE  VS.  JANESVILLE  WATER  COMPANY;  Decided  August 
17,  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the  State 
of  Wisconsin,  v.  7,  p.  628.  Madison.  Wis.,  1912.  (Contains  summary  showing 
value  of  each  class  of  property  in  revised  valuation  of  physical  property 
brought  down  to  Jan.  1,  1910.) 

Kanaas.     Sec    Missouri. 

Knoxville,  Term. 

THE  KNOXVILLE  WATER  CASE.  Electric  Unilway  Journal,  v.  33,  p.  280  (Feb. 
lo,  1909).  (Decision  of  U.  S.  Supreme  Court;  contains  material  on  valu- 
ation   and    depreciation;    one    and    one-half    pages.) 

Editorial.      Depreciation    of    Plant    and    Fair    Rates    for    Public    Service.      Engi- 
neering  Record,  v.    59,    p.    197    (Feb.    20,    1909).      (Comments   on   the   decisions, 
of  the   Supreme   Court   in   the  Knoxville  water  case.) 

PROVISION  FOR  DEPRECIATION  BY  PUBLIC  UTILITY  CORPORATIONS.  (Letter)  ; 
by  W.  H.  Winslow.  Engineering  News,  v.  Gl,  p.  251  (March  4,  1909).  (Com- 
ment on  decision  of  the  Supreme  Court  in  the  Knoxville  water  case.) 

SUPREME  COURT  DECISION  IN  THE  KNOXVILLE  WATER  CASE.  Electrical 
World,  v.   53,   p.   386    (Feb.   11,   1909).      (Two   pages.) 

VALUATION  OF  PUBLIC  UTILITY  PROPERTIES.  Electrical  World,  v.  53,  pp. 
509,  692,  740,  928,  1036  (Feb.  25.  March  IS,  25,  April  15,  29,  1909).  (Dis- 
cussion between  W.  H.  Winslow  and  F.  E.  Haskell  in  relation  to  the  reasoning 
of  the  U.  S.  Supreme  Court  as  to  depreciation,  in  the  Knoxville  water  case.) 

Lake  Forest,  III. 

OUTLINE    OF    A    CONTRACT    BETWEEN    A    CITY    AND    A    WATER=WORKS    COM= 

pany.  Municipal  Emiineering.  v.  36,  p.  247  (April,  1909).  (Ordinance  re- 
jected by  City  Council  of  Lake  Forest,  111.  ;  included  provision  for  valuation 
of  property   according  to  the  British  plan.) 

London,  England. 

LONDON  WATER- WORKS  ACQUIREMENT;  by  R.  Price-Williams.  Engineering, 
V.  77,  p.  544  (April  15,  1904).  (Concerning  the  report*  of  the  Court  of  Ar- 
bitration on  the  valuation  of  eight  water  companies  acquired  by  the  Water 
Board.) 

Los  Angeles,  Cal. 

ALLOWANCES  FOR  DEPRECIATION  IN  THE  PIPE  SYSTEM  OF  THE  LOS  AN= 
geles  Water- Works.  Engineering  News,  v.  41.  p.  283  (May  4,  1899).  (Gives 
total  valuation  of  the  distribution  system  and  details  of  depreciation  established 
for  different  varieties  of  pipe.) 

Madison,   Wis. 

*CHRISTIAN  DICK  ET  AL.  VS.  BOARD  OF  WATER  COMMISSIONERS  OF  THE 
City  of  Madison.  In  Re  Valuation  of  the  Plant  of  the  Madi.son  Municipal 
Water  Works  ;  Decided  Nov.  11,  1910.  In  Opinions  and  Decisions  of  the 
Railroad  Commission  of  the  State  of  Wisconsin,  v.  5,  p.  731.  Madison,  Wis., 
1911.  (A  valuation  of  the  Madison  water  plant  undertaken  by  the  Engineers 
of  the  (Commission.) 

The    Method    of    Making    Water    Rates    Ordered    in    Wisconsin.       Engineering 

Record,  v.  63,  p.  28  (Jan.  7,  19111.  (Valuation  of  the  water-works  of 
Madison,   Wis.,    to   assist   in   determining   rates.) 

Maine. 

A  COURT  RULING  ON  THE  BASIS  FOR  APPRAISAL  OF  A  WATER-WORKS  PLANT. 
Engineering  News.  v.  49,  p.  75  (Jan.  22,  I'JOS).  (Contains  instructions  to 
the  appraisers  appointed  to  fix  the  price  of  water-works  property  at  Water- 
ville.  Fairfield.  Winslow,  Benton,  and  Mt.  Vernon,  in  Maine,  to  be  taken  by 
the   Kennebec   Water   District.) 

MAINE  WATER  DISTRICTS  AND  APPRAISERS;  by  Harvey  D.  Eaton.  Journal, 
New  England  Water  Works  Association,  v.  19,  p.  147  (June,  1905).  (Pro- 
visions of  an  act  providing  for  the  incorporation  of  the  Kennebec  Water  Dis- 
trict  and  the  appraisal   of  the  water-works   of  Waterville   and   Augusta,    Me.) 

NEW  FEATURE  IN  WATER-WORKS  APPRAISALS.  (Editorial.)  Engineering 
News,  V.  54,  p.  147  (.\ug.  10,  1905).  (Considers  the  relation  between  the 
Waterville  and  Augusta  appraisals  and  the  quality  of  the  water  supply.) 

WATER  WORKS  VALUATION  AND  FAIR  RATES  IN  THE  LIGHT  OF  THE  MAINE 
Supreme  Court  Decisions  in  the  Waterville  and  Brunswick  Cases  :  by  Leonard 
Metcalf.  Transactions,  American  Society  of  Civil  Engineers,  v.  64,  p.  1  (Paper 
1105.    Sept.,    1909).      (Ill    pages,    including   discussion.) 

Editorial.    Fair   Rates   for  Water   Service.    Municipal  Engineering,  v.    36,   p.   29 

(Jan.,  1909). 
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WATER- WORKS — SPECIAL    CASES — (Continued) . 
Manitowoc,    Wis. 
*IN    RE    DETERMINING    AND    FIXING    A    JUST    COMPENSATION    TO    BE    PAID    TO 

the  Manitowoc  Water  Works  Company  by  the  City  of  Manitowoc  for  the 
Property  of  Said  Company  Actually  Used  and  Useful  to  the  Public  ;  Submitted 
March  15,  1911,  Decided  June  27,  1911.  In  Opinions  and  Decisions  of  the 
Railroad  Commission  of  the  State  of  Wisconsin,  v.  7.  p.  74.  Madison,  Wis., 
1912.  (Valuation  of  physical  property  and  going  value  of  the  plant.) 
VALUATION  OF  MANITOWOC  WATER=WORKS.  Engineering  Record,  v.  64,  p.  40 
(July  8,   1911).     (Valuation   made  by   the  Wisconsin   Railroad  Commission.) 

Marinette,   Wis. 

*CITV  OF  MARINETTE  VS.  CITY  WATER  COMPANY  OF  MARINETTE;  Decided 
Dec.  14,  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  8,  p.  334.  Madison,  Wis.,  1912.  (The  physical 
value  of  the  property,  the  going  value,  and  the  apportionment  of  value  between 
general  and  fire  service.) 

Missouri. 

WATER=WORKS  APPRAISEMENTS  IN  MISSOURI  AND  KANSAS;  by  Clinton  S. 
Burns.  Engiyieering  News,  v.  62,  p.  115  (July  29,  1909).  (A  brief  description 
of  nine  appraisements  made  for  municipalities;   one  page.) 

Mobile,  Ala. 

THE  MOBILE  WATER=WORKS  APPRAISAL.  (Letter)  ;  by  J.  M.  Hazlehurst.  En- 
gineering Neivs,  V.  49,  p.  412   (May  7,  1903). 

WATER=WORKS  APPRAISAL  AT  MOBILE,  ALA.  Engineering  News,  v.  49,  p.  359 
(April  23,  1903).  (Report  of  Committee  appointed  by  the  City,  in  View  of 
the  purchase  of  the  water-works   by   the  City.) 

Editorial.    Engineering  Netvs,  v.  49,  p.  368   (April  23,   1903). 

New  York,  N.  Y. 

ACQUISITION  BY  NEW  YORK  CITY  OF  THE  LARGER  OF  TWO  WATER  SYSTEMS 
of  Staten  Island  ;  by  Louis  L.  Tribu.';.  Proceedings,  American  Water  Works 
Association,  v.  29,  p.  557  (1909).  (Estimates  on  the  water-works  by  a  com- 
mission of  engineers  giving  physical  values,  going   value,   etc.) 

Oconto,    Wis. 

*IN  RE  APPLICATION  OF  THE  OCONTO  CITY  WATER  SUPPLY  COMPANY  FOR 
Valuation  of  Its  Property  and  Other  Relief:  Submitted  Feb.  10,  1911,  De- 
cided Aug.  7,  1911.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of 
the  State  of  Wisconsin,  v.  7,  p.  497.  Madison,  Wis.,  1912.  (Gives  tentative 
and  final   valuation   of  the  physical   property  of  the   plant.) 

Omaha,  Nebr. 

SOME  RULES  FOR  WATER=WORKS  APPRAISAL:  OPINION  OF  U.  S.  SUPREME 
Court  Delivered  by  Judge  Lurton,  in  City  of  Omaha  I's.  Omaha  Water  Com- 
pany. Engineering  Record,  v.  62,  p.  293  (Sept.  10,  1910).  (Two  and  one- 
half  pages.) 

Peoria,  III. 

REPORT  TO  THE  MAYOR  AND  CITY  COUNCIL  ON  WATER  RATES  FOR  THE 
Plant  Belonging  to  the  Peoria  Water  Works  Co..  Peoria,  111.  ;  by  Benezette  and 
C.  B.  Williams.  Peoria,  1910.  (Treats  of  controlling  principles  of  public 
utility  values.  Court  decisions,  valuations  for  sale  and  rate-making ;  with  a 
table  giving  computation  of  going  value  of  the  Peoria  Water- Works  plant.) 

VALUATION  OF  PHYSICAL  PROPERTY  OF  THE  PEORIA  WATER  CO.  WITH  A 
Discussion  of  Rate-Making  and  Reasonable  Rates.  Engineering  and  Contract- 
ing, V.  35,  p.   192    (Feb.  15,   1911).      (Serial   includes  tables  of  valuation.) 

Quincy,  III. 

THE  APPRAISAL  OF  THE  QUINCY  WATER-WORKS.  Engineering  Record,  v.  50, 
p.  118  (July  23,  1904).  (Report  of  appraisers  appointed  by  City  of  Quincy, 
111.,  in  relation  to  purchase  of  plant  of  Quincy  Water  Co.) 

Richmond,  hid. 

SOME  NOTES  AND  FIGURES  ON  THE  VALUATION  OF  THE  WATER  WORKS 
Plant  at  Richmond,  Ind.  ;  by  Howard  A.  Dill.  Engineering-Contracting,  v.  33, 
p.  202  (March  2,  1910).  (Gives  actual  estimates;  from  a  paper  before  the 
Indiana  Sanitary  and  Water  Supply  Association,   1910;  one  page.) 

Valuation    of    Water-Works    System    of    Richmond,    Ind.  ;    by    Howard    A.    Dill. 

Municipal  Engineering,  v.   38,  p.  410    (June,   1910). 

Rockford,  III. 

REPORT  ON  THE  ENLARGEMENT  AND  EXTENSION  OF  THE  WATER  SUPPLY 
and  Distribution  System  of  the  City  of  Rockford,  111.,  p.  96  ;  by  John  W.  Al- 
vord,  Dabney  H.  Maury  and  Daniel  W.  Mead.  Rockford.  111.,  1911.  (Contains 
two  and   one-half  pages   on   the   valuation   of   the   present    plant   and   property.) 
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WATER- WORKS — SPECIAL    CASES — (Continued) . 
San  Antonio,   Tex. 

THE  ADJUSTMENT  OF  WATER   RATES.     Engineering  Record,  v.   45,  p.   127    (Aug. 

9,    1902).      (Some    features    of    a    valuation    of    the    San    Antonio,    Tex.,    Water 

Works  Co.,  made  by  Chester  B.   Davis.) 
REPORTS  ON  WATER-WORKS  RATES  AND  VALUATION  AT  SAN   ANTONIO,  TEX. 

Engineering  News,  v.  48,  p.  233  (Sept.  2.").  1902).  (Report  made  by  Chester 
B.   Davis.) 

Superior    M'atcr,   Light  d-    Power   Co. 

♦ESTIMATING    THE    RATE   OF   REASONABLE    RETURN    FOR    A    PUBLIC    UTILITY. 

Engineering  and  Contracting,  v.  39,  p.  482  (April  30,  1913).  (Argument  of 
William  H.  Winslow,  Vice-President  of  the  Superior  Water,  Light  &  Power 
Co.  before  the  Wisconsin  Railroad  Commission,  giving  analysis  of  the  rate  of 
fair  return  to  be  allowed  on  capital  to  be  invested  in  public  utilities.) 

Syracuse,  N.  Y. 

MUNICIPAL  ACQUIREMENT  OF  PRIVATE  WATER  COMPANY  PLANTS,  AS 
Illustrated  by  the  Syracuse,  N.  Y.,  Water  Cninpany  Condemnation  by  the  City; 
by  Stephen  E.  Babcock.  Proceedings,  American  Water  Works  Association,  v. 
13,  p.  85  (1893).  (Discusses  actual  values  assigned  in  Syracuse  Water- Works 
appraisal.) 

Abstract.    Municipal  Acquirement  of  the  Plant  of  the  Syracuse  Water  Co.    En- 

gineering  News,  v.  30,  p.  207    (Sept.  14,  1893). 

Valparaiso,  Ind. 

THE  WATER-WORKS  APPRAISAL  CASE  AT  VALPARAISO,  IND.  (Editorial 
Note.)  Engineering  News,  v.  49,  p.  289  (April  2,  1903).  (Value  decided  by 
the   Court;    basis   of  decision.)  , 

Washburn,   Wis. 

*CITY  OF  WASHBURN  VS.  WASHBURN  WATER  WORKS  COMPANY;  Decided 
Dec.  6.  1910.  In  Opinions  and  Decisions  of  the  Railroad  Commission  of  the 
State  of  Wisconsin,  v.  6,  p.  74.  Madison,  Wis.,  1912.  (Contains  tentative 
valuation  of  the  physical   property  of  the   Company.) 

Waterloo.  Iowa. 

STRANGE  CASE  OF  WATER-WORKS  APPRAISAL.  (Editorial.)  Engineering 
Record,  v.  59,  p.  502  (April  17,  1909).  (Discusses  estimates  in  the  valuation 
of  the  Waterloo,    Iowa,   Water-Works   made   by   A.    Marston.) 

THE  VALUATION  FOR  CITY  PURCHASE  OF  THE  PROPERTY  OF  THE  WATERLOO 
(la.)  Water-Works  Co.  ;  by  A.  Marston.  Engineering  News,  v.  61,  p.  424 
(April  22,  1909).  (General  explanation  with  abstract  of  explanatory  report; 
one  page.) 

Waterville,  Me.     See  Maine. 

WATER- WORKS     UNVERIFIED  REFERENCES. 

DEPRECIATION  OF  WATER  WORKS;  by  John  W.  Alvord.  (Serial.)  Fire  and 
Water  Engineering,  v.  34,  pp.   104,   144    (Aug.  22,   Sept.   12,  1903). 

KNOXVILLE  WATER  CO.  VS.  CITY  OF  KNOXVILLE:  Report  of  Special  Master ; 
Decision  of  Judge  Clark,  U.  S.  Circuit  Court,  East.  District  of  Tennessee, 
Northern   Division,   Aug.   19,   1904.      Jan.   24.   1005. 
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CONSTRUCTION  PROBLEMS,  DUMBARTON  BRIDGE, 

CENTRAL  CALIFORNIA  RAILAYAY. 

Discussion.* 


By  Messrs.  Theodore  Belzxer  and  E.  J.  Schneider.! 


Theodore  Belzner,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — The  floating      Mr. 
of  the  six  approach  spans  into  position,  recalls  to  the  writer  operations    ®  ^^^'^' 
of  a  sirrjilar  nature  on  the  Harlem  River  Ship  Canal  Bridge  during 
the  fall  of  1905  and  the  summer  of  1906. 

The  author  states  that  the  average  time  required  to  place  a  span 
was  about  2  hours,  depending  on  the  distance  it  had  to  be  moved, 
^fore  information  concerning  the  itinerary  of  the  work,  such  as  rate 
of  motion,  distance  floated,  etc.,  for  each  operation,  would  be  of 
interest. 

In  reference  to  the  floating  of  the  approach  and  draw-spans  of 
the  Harlem  River  Ship  Canal  Bridge  at  Kingsbridge,  it  may  be  of 
interest  to  state  briefl.y  the  actual  times  required  in  the  six  operations 
of  moving  the  old  and  placing  the  new  spans. 

The  Department  of  Bridges  of  the  City  of  New  York  issued  a 
permit  closing  the  Ship  Canal  Bridge  to  street  travel  for  a  total  time 
of  5  days,  of  which  not  more  than  3  days  were  to  be  consecutive.  It 
was  calculated  that  only  1  day  would  be  necessary  for  moving  each 
of  the  approach  spans  and  that  the  draw-span  operations  could  be 
completed  in  3  days. 

Prior  to  the  removal  of  tlie  old  approach  spans,  the  new  spans  were 
moved  to  points  about  115  ft.  east  and  west  of  their  final  positions 
(these  movements  consisting  of  a  land  and  water  operation).  The 
two  old  spans  were  100  ft.  long  and  weighed  240  tons  each;  the  two 
new  spans  were  100  and  112  ft.  long,  and  weighed  330  and  380  tons, 

•Continued   from  May,   1913,   Pfoceedi7igs.     .'   '■'' 
t  Author's  closure. 
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^Mr.  respectively.  The  old  draw-span  was  272  ft.  long,  weia-hed  900  tons, 
■  exclusive  of  cribbing,  and  was  floated  from  Kingsbridge  to  the  Uni- 
versity Heights  site,  a  distance  of  about  1  mile.  The  new  draw-span 
was  also  272  ft.  long,  weighed  1  500  tons  (and  with  the  cribbing  nearly 
2  000  tons),  and  was  floated  from  216th  Street,  a  distance  of  \  mile 
to  its  new  site  at  Kingsbridge. 

On  October  19th,  1905,  at  5  a.  m.,  the  south  approach  span  operation 
was  begun,  and  at  5.45  p.  m.  the  first  vehicle  passed  over  the  bridge, 
the  time  elapsed  being  12|  hours.  On  November  6th,  at  1.30  p.  m.,  the 
north  approach  operation  was  begun,  and  at  10.15  p.  M.  the  bridge  was 
opened  to  surface  traffic,  the  time  elapsed  being  8|  hours.  These 
operations  delayed  travel  21^  hours,  or  26^  hours  less  than  the  calcu- 
lated time. 

The  draw-span  operations  extended  from  10.15  a.  m.  on  June  14th, 
1906,  to  5.20  A.  M.  on  June  17th,  the  time  elapsed  being  2  days,  19 
hours,  and  5  min.,  or  4  hours  and  55  niin.  less  than  the  stipulated 
time. 

In  other  words,  the  entire  operations  were  accomplished  in  3  days, 

16  hours  and  35  min.,  or  1   day,  7  hours  and  25  min.  less  than  the 

5-day  limit. 

Mr.  E.  J.  Schneider,  M.  Am.  Soc.  C.  E.  (by  letter).— It  has  been  par- 

Schneider.    .,,  .».  ,  .  ,.  1-iii 

ticularly  gratiiymg  to  the  writer  to  note  the  interest  which  nas  been 

taken  in  this  paper.  Certain  points  are  raised  by  Mr.  Rights  regarding 
the  double-ended  traveler:  The  single  booms  at  each  end  of  the  trav- 
eler were  designed  especially  for  facility  in  erection  of  the  draw-span, 
which  was  erected  as  symmetrically  as  practicable,  from  the  center 
toward  each  end,  on  top  of  the  protection  work  which  had  been  designed 
to  act  as  falsework.  Had  the  traveler  not  been  double-ended,  addi- 
tional falsework  would  have  been  required  at  one  end  of  the  draw-span 
protection  and  at  the  site  of  the  erection  of  the  six  180-ft.  spans. 

Answering  Mr.  Coombs  in  regard  to  piles  and  pile-driving :  The 
specifications  called  for  lengths  of  from  60  to  120  ft.,  the  diameter  of 
the  tips  to  be  9  or  10  in.,  the  usual  requirements  by  the  Southern 
Pacific  Company  for  ordinary  work,  and  no  change  was  made  in  them 
for  this  particular  piece  of  construction.  Pacific  Coast  piles,  no  doubt, 
are  larger  than  those  ordinarily  used  in  the  East.  All  piles  used  at 
Dumbarton  were  peeled. 

Pile-driving  is  mainly  a  matter  of  judgment.  The  lengths  of  the 
piles  at  Dumbarton  were  determined  from  actual  test  driving  on  the 
line  across  the  Bay,  and  from  the  records  of  the  borings  made  by  the 
Spring  Valley  Water  Company  on  the  line  of  its  submerged  pipe  a 
short  distance  from,  and  approximately  parallel  to,  the  bridge. 

The  points  brought  up  by  Mr.  Belzner,  in  reference  to  the  average 
rate  of  motion,  distance  floated,  etc.,  for  each  operation,  can  best  be 


I'iipiM' 
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answered  by  a  copy  of  the  record  for  floating  the  six  spans  from  the  ,     Mr. 
falsework  to  the  piers,  Table  1. 

TABLE   1. — Kkcord   for   Flo.\ting   Six   180-Foot   Spans   from 

Falsework  to  Piers,  for  the  Dumbarton  Bridck. 

The   Span   Numbers  Run   from   East  to   West,   Numbering   the 

Entire  Draw-Bridge  as  Span  No.  4. 


Hour. 

Time 
interval. 

Approxi- 
mate 

Date. 

Span  No. 

Clear  of 
falsework. 

Landed  on 
piers. 

distance 
tloated, 
in  feet. 

September  16th,  1909 

September  26th.  1909 

October  14th,  19(t9 

November  7th,  1909 

December  9th,  1909 

December  11th,  1909 

3 

2 

1 
5 
6 
7 

12.25  p.  M. 

9.30  a.  m. 
10.55  A.  M. 

8.25  A.  M. 

7.45  A.  M. 
10.05  A.  M. 

2.00  p.  M. 
11.00  a.  m. 
12.15  p.  M. 

9.40  A.  M. 

9.50  A.  M. 

11.05  a.  m. 

1  hr.  35  min. 
1    "   30     " 
1    '•   20     '• 

1  "   15     " 

2  '•   05     " 
2    "  00     " 

700 

500 

300 

1200 

1400 

1600 

The  average  rate  of  motion  for  each   operation  was  a  little  less 
than  1   mile  per  hour. 
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COLORADO  RIVER  SIPHON. 
Discussion.* 


By  H.  T.  Cory,  M.  Am.  Soc.  C.  E. 


li.  T.  CuitY,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  par-  Mr. 
tieularly  glad  that  this  paper  has  been  presented,  partly  because  of  a  ^°^y- 
personal  interest  in  the  entire  Lower  Colorado  (and  therefore  including 
the  Yuma  Project),  and  also  because  the  Colorado  River  Siphon  is  a 
most  interesting  piece  of  work,  not  only  from  one  point  of  view,  but 
from  many.  It  is  to  be  regretted,  however,  that  the  author  did  not 
make  it  but  a  part  of  a  paper  on  the  entire  Yuma  Project — for  the 
preparation  of  whicli  lie  is  evidently  well  qualified,  judging  by  the 
clear-cut,  systematic,  and,  with  one  exception,  comprehensive  account, 
he  has  given  of  this  portion — and  that  he  did  not  say  anything  about 
costs,  one  of  the  most  vital  phases.  Possibly  the  cost  data  were  not 
assembled,  classified,  and  available  in  a  satisfactory  form  when  the 
paper  was  submitted,  but  as  it  is  now  11  months  since  water  was  turned 
through  the  siphon — the  author  gives  such  date  as  June  30th,  1912 — 
it  is  earnestly  hoped  that  he  or  some  other  member  of  the  Service,  will 
present  to  the  Society  the  complete  cost  sheets,  with  distributions,  in 
connection  with  this  paper. 

On  page  418f  it  is  stated  that  the  present  flow  thi'ough  the  siplioii  is 

"about  300  sec-ft.,  of  which  about  100  are  wasted  to  the  river  on  the 
Arizona  side.  The  velocity  in  the  shafts  and  tunnel,  therefore,  is  low, 
being  slightly  greater  than  the  silting  velocity.  Soundings  taken  in  the 
shafts  indicate  that  little  or  no  silting  has  taken  place." 

*This  discussion  of  the  paper  by  George  Sclinbinger,  Jun.  Am.  Soc.  C.  E.  (now  Assoc. 
M.  Am.  Soc.  C.  E.).  publislieil  in  March.  1918,  Frocecaings,  and  presented  at  the  meeting 
of  May  7th,  1913,  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be 
brought  before  all  members  for  further  discussion. 

t  Proceedings,  Am.  Soc.  O.  E.,  for  .March,  1913. 
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Mr.  The  cross-sectional  area  of  the  California  shaft,  17  ft.  in  diameter, 

^'"'^'-  is  226.98  sq.  ft. ;  of  the  tunnel,  14  ft.  in  diameter,  153.94  sq.  ft. ;  and  of 
the  Arizona  shaft,  23  ft.  in  diameter,  415.48  sq.  ft.  A  flow  of  300  sec-ft., 
therefore,  would  give  velocities  of  1.321,  1.936,  and  0.Y22  ft.  per  sec, 
respectively.  It  is  a  little  surprising,  under  all  the  circumstances,  par- 
ticularly in  reference  to  the  latter  velocity,  that  it  is  greater  than  the 
silting  velocity  of  the  water  carried  by  the  main  canal  at  the  Colorado 
Siding. 

The  method  of  removing  all  but  the  finer  silt  at  Laguna  Dam  is 
undoubtedly  effective,  and  a  considerable  percentage  of  particles 
held  in  suspension  just  below  the  head-works  is  probably  deposited 
in  the  14  miles  of  80-ft.  bottom  width  canal  leading  thence  to  the 
siphon,  especially  while  so  small  a  quantity  of  water  is  flowing.  Never- 
theless, experience  in  the  Imperial  Valley  Project,  with  the  same  river 
water,  is  that  very  considerable  silt  deposition  occurs  at  points  distant 
from  60  to  80  miles,  in  canals  with  velocities  of  1.35  ft.  per  sec,  and 
even  greater,  during  flood  stages  in  the  river. 

It  is  to  be  hoped  that  further  experience  will  confirm  the  opinion 
that  little  or  no  trouble  from  silting  will  develop;  nevertheless,  for  a 
few  years,  the  operation  and  maintenance  costs  of  the  siphon  will  be 
watched  by  many  with  much  interest. 

The  writer  also  hopes  that  the  discussion  will  bring  out  the  con- 
siderations and  data  which  caused  the  adoption  of  the  various  diameters 
of  the  Arizona  shaft,  the  tunnel,  and  the  California  shaft,  and  par- 
ticularly as  to  the  weight  assigned,  in  so  doing,  to  the  silt  problem. 
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STATICAL  LIMITATIONS  UPON 

THE  STEEL  REQUIREMENT  IN 

REINFOROED  CONCRETE  FLAT  SLAB  FLOORS. 

Discussion.* 


By  Messrs.  L.  J.  Mensch,  C.  A.  P.  Turner,  Edward  Godfrey, 

H.   T.  Eddy,  A.   W.  Buel,  E.  G.  WalivER, 

AND  William  W.  Crehore. 


L.  J.  Mensch,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  in-  Mr. 
vitos  a  timely  discussion  of  the  desigii  of  the  so-called  flat  slab  floors.  '  ^^^^  ' 
It  seems  that  the  best  firms  in  America  have  a  fairly  good  knowledge, 
based  on  expensive  tests,  of  the  maximum  stresses  which  enter  into 
the  design  of  such  plates,  yet  they  cannot  convince  the  conservative 
engineer  or  architect  that  their  designs  are  not  a  gamble,  and  that 
many  of  their  structure?  will  not  show  serious  defects  sooner  or  later. 
To  the  writer's  knowledge,  the  responsible  firms  which  make  a  specialty 
of  designing  and  building  such  floors  do  not  use  higher  stresses  than 
the  author  claims  to  find  by  static  methods.  His  paper,  however,  will 
not  advance  our  knowledge  of  the  design  of  such  floors,  as  he  assumes 
a  certain  relation  of  positive  and  negative  moments,  and  fails  to  prove 
that  they  may  exist. 

The  writer  will  endeavor  to  develop  a  rational  method  of  designing 
flat  floors,  practically  without  the  help  of  the  higher  mathematics. 
For  this  purpose  he  will  consider  the  floor  to  consist  of  two  systems 
of  slabs,  at  right  angles  to  each  other  and  continuous  over  the  sup- 
ports. As  shown  in  Fig.  7,  each  slab  carries  one-half  of  the  panel 
load  of  each  panel,  and  is  of  a  width  equal  to  the  distance  from  center 


♦This  discussion  (of  tlie  paper  of  John  R.  Xieliols.  Jun.  Am  Soc.  U  E..  published  in 
April.  1913,  Proceedings,  and  presented  at  thf  meeting  of  >Iay  21st.  19181.  is  printed  in 
Proceedings  in  order  that  the  views  expressed  n>ay  be  brought  before  all  members  for 
further  discussion. 
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Mr.     to   center  of  columns.     The  theory   of  continuous  beams  will  be   ap- 
Mensch.  p^jg^j  ^q  g^  fg^  of  i\iq  most  important  cases. 

Case  I. — Fig.  8. — Continuous 

Slab  on  Four  Supports;  Only  the 

Center  Payiel  Loaded,  by  the  Tri- 

,      ,   W       WT" 
angular  Load,    -  =  — — . — 

One  easily  finds  the  reaction 

at  ^  =  —  — -  TF, 

9 
and  the  reaction  at  B  =  -— ^  TF". 

The  moment  over    the    support, 
1 


B  =  Al 


32 


Wl 


The    moment   in   tlie    center   of 


Fig.  7. 


:=    —    Wl  = 
4      6  96 


Wl. 


I        W    I 
tlie  loaded  panel  =  Al  +  B  ---  —  ~    —    —  ..  -        -iq  o 

Case  IL — Fig.  9. — Continuous  Slab   on  Four  Supports;   Only   the 

W 
Outside  Panels  Loaded.     Load  on  Each  Panel,  — ::;—•  — 


The  reaction  at  A  ■■ 
The  reaction  atB 


i 

9 
"82 


W. 
W. 


Fig.   8. 


The    moment    in    the    center   of    the    loaded    panels 


13 
l92" 


Wl 


=  Tr~^  Wl. 

14.8 

The     moment    at    B     and 
for    the    entire     center    panel       j, 

,,        W    I  Wl 

=  ^^-¥-¥  =  --^- 

Case   in.— Fig.    10.— Continuous    Slab    on    Four   Supports;   Each 

Panel  Loaded  by  a  Triangular  Load,  — —  • — 


Fig.  9. 


The  reaction  at  J.  =  - —  W. 
10 

The  reaction  at  S  =  -—  Tf .      ' 
lb 


The   maximum  moment  at  0.433   I  from   A    = 


IS.  5 
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r.  .  W       I  Wl  Mr. 

ihv  iiKtmeiit  over  B  =z  Al  —    —      -    =  —  .  Meusch. 

•2       2  16 

The  moment  in  the  center  of  the  center  panel 

I  W      I  Wl  Wl 


=  B 


2  4        0  16  48 

Case  IV. — As  in  Case  I,  hut  With  an  Infinite  Number  of  Panels; 

W 

and  the  Triangular  Load,—  ,  Applied  to  the  Center  Panel. — The  bend- 
ing moments,  over  the  support,  as  well  as  in  the  center  of  the  loaded 
panel,  are  the  same  as  given  under  Case  I. 

Case  V. — As  in  Case  III,  hut  With  an  Infinite  Numher  of  Panels. — 

Wl 

The  l)endinor  moments  over  the  central  suiiports  =  .    The  bendini; 

19.2 

Wl 
moments  in  the  center  of  the  center  panel  =  — — -.     In  this  case  the  out- 

o^ 

side  panels  have  about  the  same  maximum  moments  as  the  outside 
jiancls  in  Case  III,  and  the  same  as  the  moments  over  the  second 
supports.     The  maximum  momen'ts  in  the  second  panels  from  the  out- 

Wl  Wl 

side  = ,  and  those  over  the  third  supports  =  . 

35.5  22.4 

As  an  example,  consider  a  continuous  slab  on  four  supports,  20  ft. 

from  center  to  center,  having  a  dead  load  of  125  lb.  per  sq.  ft.,  and 

calculated  for  a  live  load  of  250  lb.  per  sq,  ft. 

W  for  the  dead  load  =  125  X  400  =     50  000  lb. 
W  for  the    live    load  =  250  X  400  =  100  000    " 

For  Case  I,  the  moment  in  the  center  of  the  center  panel  from  live 

load  =  — ^^-^ =  104  200  ft-lb.    For  Case  HI,  the  moment  in  tlie 

19.2 

.-,0  000 
center  of  the  center  panel  from  dead  load  =  — - — -  X  20  =  20  800  ft-lb., 

'  48 

or  a  total  bending  moment  of  125  000  ft-lb. 

For  Case  II,  the  moment  in  the  center  of  the  outside  panel  from 

live  load  =  —   =  135  000  ft-lb.     For   Case  III,  the  moment 

14.8 

in  the  center  of  the  outside  panel  from  dead  load  = X  20  =  64  000 

'  18.5 

ft-lb.,  or  a  total  bending  moment  of  1S9  000  ft-lb.,  or  50%  greater  than 

for  the  center  panel. 

The  moment  over  the  support,  B,  is  greatest  for  Case  III.  and  equals 

150  000  X  20 

— =  188  000  ft-lb.,  or  the  slab  must  be  just  as  strong  over 

the  supports  as  in  the  center. 
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Mr. 
Mensch. 


The  entire  inside  panel  is  subject  to  a  negative  moment  from  1.1 
for  Case  II,  which  moment  = ^-^ =  62  500ft-lb.,  Avhich  in  the 


32 
center  of  the  panel  is  reduced  by  the  dead  load  moment  of 


50  000  X  20 

48 


=  20  800  ft-lb.     These  high  negative  moments  cannot  be  neglected  by 

a  responsible  designer.     The  author  and  most  of  the  designers  seem  to 

consider  only  Case  V,  for  which  the  moment  in  the  center  of  the  center 

150  000  X  20 

sup- 


panel  =z 


32 


ports  of  the  center  panel 


94  000  ft-lb.,  and  the    moment  over   tht 
150  000  X  20 


19.2 


=  156  000  ft-lb.,  or  considera- 


l)^  Average 


bly  less  than  in  the  foregoing  cases,  or  in  the  outside  panels  of  Case  V. 

The  moments  heretofore  given  are  for  the  entire  slab,  having  a 
width  =  I.  The  assumption  made  by  the  author  is  that  the  stresses  are 
distributed  uniformly.  By  dividing  the  width 
of  the  panel  into,  say,  ten  units,  it  can  be  shown 
that  a  parabolic  distribution  of  the  entire  mo- 
ment, for  the  sizes  of  caps  ordinarily  used^  is  as 
near  an  assumption  as  can  be  made.  See  Fig. 
11.  Then  the  moments  in  the  middle  portion  of 
the  slab  are  25%  greater  than  the  average  mo- 
ments and  2.5  times  as  great  a.s  at  the  edge  of 
the  slab.  The  foregoing  computations  are  only 
adaptable  to  flat  slabs  with  caps  which  have  uni- 
versal joints  over  the  centers  of  the  columns. 
This  is  not  the  case  in  practice;  on  the  contrary, 
the  columns  are  well  connected  with  the  floors, 
and  nearly  always  have  a  larger  moment  of 
inertia  than  the  floor  slab  of  a  total  width  =  I.  ' 

Besides,    the    height    of    the    columns    in    most  ^^'^'  ^^' 

cases  is  considerably  less  than  the  span  of  the  floor,  and,  therefore, 
the  columns  will  offer  a  greater  resistance  to  a  change  of  angle  over 
the  supports  than  can  be  expected  from  the  continuous  action  of  the 
floor  when  only  one  panel  is  loaded.  As  a 
rule,  there  are  columns  on  top  as  well  as 
below  the  floor,  and  these  will  increase  further 
the  arch  action  which  is  to  be  considered. 

It  will  now  be  assumed  that  two  panels 
are  loaded  side  by  side,  as  in  Fig.  12,  and 
that  the  two  columns  and  the  flat  slab  of  a 
width,  Ij  form  a  hingeless  arch  construction, 
as  shown  in  Fig.  13. 

To  facilitate  the  calculation,  it  will  be  assumed  that  the  columns 
cannot  change  their  inclination  at  A.  Two  unknown  values  have  to 
be  found,  the  thrust,  T,  and  the  moment,  Ma. 


B 

r. 

i' 



Fig.  12. 
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Let  7    =  tlu'  inoiiKMit  of  inertia  of  the  column  : 

/j  =  the  moment  of  inertia  of  the  floor  shib  of  tlie  widtli,  I  ; 
h   =  the  story  heiglit  : 

I    =  the  distance  from  center  to  center  of  columns  ; 
hi, 

'^  =  T7- 

It  is  known,  from  the  theory  of  beams,  that  the  column,  AB,  which 
is  subject  only  to  a  force,  T,  and  a  moment.  Ma,  must  have  its  point 

of  inflection   at        h  from  A,  because   the  column   cannot   change   its 

angle    at    A^    as    has    been    assumed.      It    immediately    follows    that 

Ma  = . 


Mr. 
Mensch. 


2Ji 


Dotteil  lines  show 
deflection  of  arch 
"'   after  the  load  is  applied 


Fig.   13. 


To  find  the  unknown  value,  2\  we  have  to  consider  that  the  incli- 
nation of  the  column  at  B  with  the  vertical  must  be  equal  to  the  in- 
clination of  the  slab  with  the  horizontal  line  at  B,  and  that,  by  a 
well-known  rule  of  mechanics,  the  change  of  angle  between  tangents 

of  two  points  of  a  beam  equals    -rn-   (area  of  diagram  of  moments). 

The  diagram  of  moments  for  the  columns   and   slab   is   shown   in 

Fig.   14.     The   area   of  the  diagram  for  a  column  =T  h  —  —  Ma  h, 


Th      ^                     Th^ 
or,  as  Ma  =  — ; — ,  the  area  = 


and  a  = 


EI 


X 


TK^ 


(1) 


The  moment  at  B  =  T  h  —  Ma  =  —  T  h. 
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Mr.  It  is  easily  found  that  the  moment  at  any  point  between  B  and  C 

Mensch.  W  W    X^  2 

=.  -l!-X ^-4- —  Th (-2) 

The   change    of   angle   between    the    points,  B   and   C,  is  again  a, 
1 


and    equals 


El, 


(area    of     diagram    of    moments    between    BC), 


E 


^      r^  X  -  X  - 


W 


X  — -  —  —    T  h  X 


t) 


A\ i- 


1  Th^  "^        /      5        rrrn  ^k     N 

Combining  Equations  1  and  3,    ^    -  X  — -—  =  -=—-  I  — — -  Wl  — -r-  f  I 
^      ^  'EI  6  EI^\  192  3     / 


1      Th?  1      Thl 

1      (T  ^  ~1^  T~ 


/,      192 


wv 


-U;V^T    I    ^   2)  -    I,     192    ^  ' 


Th 


64 


TFZ 


^^^'  =  192-^^^ 


Jf  „  = W  I 

^  96 


1 

1  +-  —n 

1 

(-4 

1 

") 

(1  +  ^ ") 


=  -—-Wl 
19.2 


(i+i'O 


•(4) 
.(5) 
.(0) 


From  Equation  2,  M^ 


W   I       W       l^  1  V  ~^  3  "/ 
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These   are   practically   the   same   equations   as   found   for    Case   V,     Mr. 
modified  only  by  the  value  of  n.     It  will  be  assumed  that  the  floor  in 


the  former  example  is 

9  in. 

thick, 

and  that  the 

columns 

are 

24 

in. 

in 

diameter. 

I  = 

20  ft. 

h  = 

12  ft. 

t  = 

9  in. 

h  = 

1 
210  X     ^^ 

=  14 

oSO. 

1  = 

24^     '     - 
(J4 

162  000, 

n  = 

h     I, 

12 

X  -^ 

580 

1 

I      I 

20 

^   162 

000 

18.5' 

Wliere  columns  are  also  on  the  top  of  the  floors,  n  must  be  taken 

1 
as  one-lialf  of  the  vahie  thus  found,  or,  in  this  case,  n  =  — .     n  must 

37 

be  further  reduced  because  the  adjacent  floor  slab   increases   the   re- 
straining influence,  and  a  value  for  n  of  about     -   is  probably  correct 

for  this  case.     The  smallest  column  which  could  be  used  in  this  case 
to    carrj'   the   load    of    150  000   lb.    would   be    15    in.    in    diameter,    or 

/  =  25  000,  and  n  =  - — ;.     From  Equations  6  and  7  we  obtain 


2.86 
for  n  =  1 

Mb^  WIX 

Mc  =  W  I  X 


1111 


2         4        10       40       X 
111111 


28.6     24     21.6  20.1  19.7  19.2 
111111 


20.6  24.1  27.1  29.7  31.4     32 
In  most  cases  n  is  a  very  small  value,  and  the  moments  of 


19.2'  ^  32   ' 

may  be  adopted  for  the  design  of  flat  floor  slabs;  the  larger  the  cap 
the  greater  will  be  the  width  of  the  floor  slab  which  takes  the  greatest 
portion  of  the  entire  bending  moment,  and  the  more  certain  is  it 
that  the  arch  action  actually  takes  place  as  assumed  herein. 

A  parabolic  distribution  of  the  entire  bending  moment  over  the 
width  of  the  floor  slab  will  give  working  stresses  which  are  on  the 
safe  side,  especially  as  we  neglect  the  favorable  influence  of  stresses 
acting  in  two  directions  at  right  angles  to  each  other  (wherein 
Poisson's  ratio  enters)  and  because  we  neglect  the  fact  that  the  actual 
span  is  somewhat  smaller  than  the  distance  from  center  to  center  of 
columns,  but  much  greater  than  assumed  by  the  author. 
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Wl 
Mr  The   bendinc^  moment  of  — — -    (W  beins;   the    total   hve    load   for 

Mensch.  '  19-2 

inside  panels  and  the  total  live  and  dead  load  for  outside  panels)  is 
not  taken  up  by  the  columns  alone,  but  is  divided  between  the  columns 
and  the  floor  slabs  of  the  adjacent  unloaded  panels,  and  may  be  found 
as  follows : 

M 

M„  for  column  = — 

'^  ?i  -f  1 

11 
M„  for  adiacent  slab  ^  M„  --, 

^  •*  ^71+1 

where  n  —  —  — -,  without  any  reduction.     The  portion  of  the  moment 

taken   by    the    columns    must   again    be    divided  in  proportion  to  their 

respective  moments  of  inertia  between   the  lower  and  upper  columns. 

Wl 

In  this  example,   =  104  000  ft-lb. 

^     '     19.2 

Assuming  that  one-half  is  taken  by  the  lower  columns  and  one- 
half  by  the  upper  columns,  each  column  must  be  calculated  for  a  bend- 
ing moment  of  50  200  ft-lb.,  which  will  cause  a  maximum  compression 
in  the  24-in.  columns  of  at  least  400  lb.  per  sq.  in.,  which  stresses, 
the  writer  is  sorry  to  state,  are  generally  neglected,  in  building  flat 
floor  constructions,  even  by  the  most  successful  firms.  The  fact  is 
that,  although  the  columns  are  under  high  compressive  stresses  in  the 
lower  stories  of  buildings,  under  test  loads,  cracks  in  columns,  where 
noticed  before  they  were  detected  in  the  slabs,  prove  conclusively  that 
this  arch  action  exists,  and  that  the  columns  must  be  calculated  for 
bending. 

There  is  still  another  proof  that  this  arch  action  exists.  The  de- 
flection of  a  slab   floor  can  be  calculated  by  introducing  Equation  4 

into  Equation  2  and  integrating  twice;  then,  for  x  =  we  obtain 

7  Wl^         1  +  n 

the    deflection    in    the    center    of    a    side   = y  ——-X    ^— • 

3  840-^    EL        ^        1 

l+^n 

i^  1 

Substituting  for  1  =  1  —  and  neglecting  7i,  the  deflection  =  -—-= 

^Ee ^^^ 

This  result  is  in  inches  when  I  and  t  are  in  inches. 

It  can  also  be  shown  that  a  strip  forming  the  center  of  a  square 

W  I  Wl 

which  is  subiect  to  a  moment  of  in  the  center  and  ——^  at  its  ends 

''  36.4  38.4 
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must  deflect  one-half  the  amount  given  in  Equation  8,  and  we  obtain     Mr. 

1      Wl 
the  maximuin  deflection  in  the  center  of  the  square  as  =        ^3  .(9) 

Introducing-  for  E  the  value,  1500  000,  the  deflections  thus  calcu- 
lated are  borne  out  by  tests  more  closely  than  for  any  T-beara 
test  which  has  come  to  the  writers  notice. 

To  sum  up:     A  flat  floor  slab  should  be  calculated  for  a  negative 

bending-  moment  over  the  support  of  (10) 

per  linear  foot;  and  for  a  negative  bending  moment  in  the  center  of 
the  sides  or  :7^— ^ (11) 


38.4 


It  should  be  calculated  for  a  positive  moment  of 


WJ?_ 
25.6 


(12) 


TF?' 


per  linear  foot  near  the  side  of  the  square;  and  for  a  moment  of  .(13) 

per  linear  foot  near  the  center  of  the  square,  provided  the  columns  are 

Wl . 

calculated   for  a  moment  of  . 

1.%)  ,  Jt 

It  remains  yet  to  be  shown  how 
flat  floor  slabs  are  to  be  calculated 
when  the  columns  are  arranged  in 
the  corners  of  rectangles  instead 
of  squares,  as  shown  in  Fig.  15. 
a 


Where 


Fig.  15. 
is  less  than  1.5,  it  is  the  writers  practice  to  calculate  the 


long  span  for  a  width  of  2s,  and  to  assume  IF  =  «;  X  ^  X  2s,  and  to 

calculate    the    short    span    for   the   width,    2r,    and    the    corresponding 

TF  =  w  X  ?^  X  2r. 

For  a  greater  ratio  of  a  to  h,  it  is  best  to  calculate  the  long  span 

„   wl^        ,    lol^  ,  ,   .       , 

for  tlR'  total  niomeutf?  of and  ,  over  the  supports  and  m   the 

12  24  '  ^^ 

center  of  the  span,  when  IF  =  w;  X  <^  X  ^^  ^"id  to  calculate  the  short 

span  as  before  for  IF  =  w;  X  &  X  2r. 

As  in  all  other  continuous  girder  constructions,  unequal  settle- 
ments of  the  supports  will  produce  here  a  great  change  in  the  stresses, 
and  conservative  designers  will  modify  the  moments  in  Equations 
10  t(3  13  according  to  their  judgment. 

A  great  change  in  the  distribution  of  the  momenta  is  also  caused 
by  drops  in  the  floors,  which   come  now  more  and  more  in  use,  just 

4  13 

at  the  columns,  i^enerallv  I  square,  and  —  to  —   t   thick.      The   in- 

'     10         ^         '  2  4 
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Mn    crease  of  stiffness  around  the  columns  increases  the  negative  moments  to 
Menscb.  ryj 

a  maximum  of  about  — — ,  and  decreases  the  positive  moments  in  the 
lij 

Wl  Wl  Wl 

center  to  about ,  instead  of and ,  as  found  before. 

60  19.2  32  ' 

The  flat  slab  floor  with  drop  is  a  great  improvement  over  a  floor 
with  uniform  thickness,  because  the  shearing  stresses  at  the  columns 
are  decreased  considerably  thereby.  The  actual  shear  at  the  periphery' 
of  the  cap  is  much  larger  than  statics  alone  would  lead  us  to  adopt. 
The  negative  moment  at  the  columns  can  be  replaced  by  vertical  forces 
acting  in  the  opposite  direction  around  the  periphery  of  the  cap,  which 
new  forces  increase  the  shear  on  the  loaded  side  and  decrease  it  on  the 
unloaded    side    of    the    columns.      Assuming    the    side    of    the   square 


cap    to 

be 

Vo'' 

the 

new 

shear 

on 

one    side 

of 

the 

square 

Wl 
15 

+ 

ro'  = 

W 

-;— ,  the  shear  from 
o 

stations  being 

W 
4   ■ 

C.  A 

.  P 

.  Turner,  M. 

Am. 

See.  C. 

E. 

(by  letter). 

—The 

wr: 

iter  feels 

Mr. 
TurDcr 

■  moved  to  contribute  to  the  discussion  of  this  subject,  in  which  he  has 
been  greatly  interested  for  the  last  sixteen  years,  because,  in  the  course 
of  his  experience,  acquired  in  the  design  and  construction  of  from 
1  000  to  2  000  structures  of  this  type,  varying  in  span  from  less  than 
12  ft.  up  to  50  ft.  from  center  to  center  of  columns,  and  built  to  carry 
loads  from  50  lb.  up  to  between  1  and  2  tons  per  sq.  ft.,  he  has  become 
somewhat  conversant  with  the  commercial  requirements  of  a  working 
theory  for  such  flat  slab  floors.  These  requirements  may  be  stated  in 
brief  to  be  two: 

First,  it  is  necessary  to  know  with  certainty  what  test  load  can  be 
guaranteed  to  be  carried  by  the  proposed  slab  without  injury,  and 
second,  what  limiting  deflection  can  be  guaranteed  under  test  load. 
Such  guaranty,  both  as  to  carrying  capacity  and  deflection,  is  a  common 
demand  on  the  part  of  those  furnishing  the  money  for  financing  the 
construction  of  a  proposed  building  or  structure;  and  the  conservative 
business  man  who  advances  the  money,  as  the  writer  has  found  by 
experience,  would  usually  like  a  bond,  which  may  amount  to  anywhere 
from  $5  000  to  $100  000,  to  assure  him  that  the  structure  when  com- 
pleted will  come  up  to  the  guaranty. 

Consequently,  the  responsible  engineer  must  have  an  absolute 
knowledge  of  the  deflection  which  his  design  will  exhibit  under  load, 
and  a  feasible  and  practical  method  of  determining  its  strength, 
such  as  will  include  a  reliable  estimate  within  narrow  limits  of  the 
stresses  that  actually  will  occur  in  the  steel  under  given  loads. 

In  case  a  working  theory  can  be  developed  along  rational  lines 
which  will  include  these  particulars,  its  accuracy  as  an  application  of 
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tlio  g'oneral  theory  of  elastic  materials  can  be  readily  checked  by  Mr. 
ineasiircinents  on  the  behavior  of  the  slab,  to  ascertain  first,  whether 
its  actual  deflections  coincide  with  theoretically  compvited  deflections, 
and  second,  whether  the  stresses  occurring  in  the  steel  and  in  the  con- 
crete in  each  and  every  part  of  the  slab  agree  with  the  resiilts  of 
mathematical  theory.  These  checks  and  cross-checks  would  be  such 
as  would  render  the  accuracy  of  the  theory  unassailable,  or  else  would 
stamp  it  as  a  mere  theoretical  absurdity  which  in  some  of  its  funda- 
mental assumptions  does  not  correspond  to  and  take  correct  account 
of  the  controlling  factors  of  the  design.  Such  a  complete  theory,  fur- 
ther, must  account  for  the  fact  that  a  thick  slab  will  sustain  around 
the  caji  higher  shearing  stresses  per  unit  of  cross-section  than  a  thin 
slab,  and  must  indicate  what  those  stresses  should  be. 

In  the  experience  above  referred  to,  as  already  stated,  the  writer 
has  been  called  on  to  design  structures  for  loads  varying  from  50  lb. 
to  between  1  and  2  tons  per  sq.  ft.  over  full  areas,  and  it  has  been 
necessary  for  him  to  know  with  a  high  degree  of  certainty  what  the 
deportment  of  slabs  would  be  for  short  spans,  and  for  long  spans,  for 
the  limiting  practical  thickness,  and  for  greater  thicknesses,  and  to 
investigate  carefully  the  maximum  allowable  percentage  of  steel  for 
these  various  thicknesses  in  order  that  its  resistance  might  be  properly 
developed  by  the  concrete  and  so  determine  a  limit  beyond  which  the 
addition  of  a  greater  percentage  of  steel  is  merely  a  waste  of  materials. 

In  the  examination  of  this  paper,  none  of  these  essential  commercial 
requirements  seems  to  have  been  mentioned,  and  no  evidence  whatever  is 
offered  in  the  form  of  experimental  determinations  to  show  that  the 
results  arrived  at  have  any  foundation  other  than  that  of  the  mere 
algebraic  deductions  which  the  author  has  based  on  certain  assump- 
tions. 

These  assumptions  and  deductions  by  Mr.  Nichols  appear  to  involve 
the  most  unique  combination  of  multifarious  absurdities  imaginable 
from  either  a  logical,  practical,  or  theoretical  standpoint.  At  the  very 
outset  he  assumes  the  illogical  proposition  that  the  mechanics  of  a 
slab  and  the  mechanics  of  a  beam  are  identically  the  same,  and  then, 
lest  this  assumption  apix'ar  doubtful,  he  makes  a  remarkable  assertion 
in  lieu  of  any  proof  of  his  statement  in  the  following  words: 

"With  whatever  industry  the  powers  of  higher  mathematics  and  the 
mysteries  of  Grashof's  formulas  and  Poisson's  ratio  may  be  invoked, 
they  cannot  justify  a  result  for  the  maximum  stress  in  the  steel 
smaller  than  the  limiting  value  determined  in  this  paper." 

The  writer  has  frequently  found  that  mathematical  formulas  were 
mysterious  and  incomprehensible  when  he  has  tried  to  understand  them 
before  thoroughly  digesting  the  notation  and  interpretation  of  the 
symbols  used  in  the  formulas  and  the  definitions  of  the  elementary 
technical  terms  in  the  discussion. 


Turner 
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Mr.  Now,  in  the  case  of  Mr.  Nichols,  it  would  seem  that  the  mysteries 

of  Grashof  are  mysteries  to  him  for  this  very  reason,  as  he  has  appar- 
ently not  mastered  the  notation  and  meaning  of  the  symbols  used 
by  Grashof  and  other  well-known  writers  on  the  mathematical  theory 
of  elasticity.  In  this  the  writer  refers  to  Mr.  Nichols'  abuse  of  the 
greatly  over-worked  term,  "moment,"  which  is  used  to  apply  to  so  many 
different  things.  The  kind  of  moment  must  be  specifically  understood, 
and  defined,  if  it  is  intended  to  place  different  moments  in  an  equa- 
tion on  a  basis  of  equality  or  inequality.  Eddy*  clearly  defines  the  ex- 
ternal moment  of  forces  acting  on  a  slab  or  beam  as  apparent  moments. 
Mr.  Nichols  designates  the  apparent  moment  as  M.  Eddy  specifically 
defines  true  moment  as  the  unit  stress  or  summation  of  unit  stresses, 
multiplied  by  their  lever  arm,  which,  in  the  case  of  a  reinforced  slab, 
would  be  the  unit  stress  in  the  steel,  multiplied  by  the  area  of  the 
steel,  multiplied  by  its  effective  lever  arm.  The  form  of  a  beam,  which 
is  narrow,  limits  the  reinforcement  to  practically  one-way  reinforce- 
ment of  no  considerable  width.  Hence,  in  a  beam,  the  apparent 
moment  equals  what  Eddy  would  term  the  true  moment.  Or,  this 
might  be  put  in  another  way:  The  apparent  moment  equals  the  total 
effective  internal  moment,  which  in  turn  may  be  defined  as  equal  to  the 
true  moment  plus  the  moment  of  resistance  of  the  equivalent  lateral 
effects.  By  lateral  effects  the  writer  refers  to  the  extent  to  which  the 
stress  in  one  system  of  reinforcement  may  offset  or  nullify  that 
in  another  system  of  reinforcement  by  co-action  or  interaction  between 
the  two.  Now,  in  a  beam,  due  to  its  narrow  width,  the  fact  that  all 
the  bars  run  parallel  to  each  other,  these  lateral  effects  reduce  to  zero. 
Hence  for  the  beam,  the  apparent  moment  equals  the  true  moment. 
In  the  slab,  the  apparent  moment,  M,:\-,  equals  the  effective  internal 
moment  Mj  f  which  equals  the  true  moment  plus  the  summation  of 
the  lateral  effects,  and  it  is  these  lateral  effects  which  Mr.  Nichols 
inadvertently  leaves  out  of  consideration  in  his  theory,  thereby  arriving 
at  results  differing  from  100  to  200%  from  those  which  would  be 
logically  obtained  by  a  proper  consideration  of  the  difference  in  the 
mechanics  of  the  beam  and  the  slab  found  in  the  forms  which  he  has 
selected  for  discussion. 

Perhaps  the  magnitude  of  this  surprising  error  may  be  brought 
out  better  from  consideration  of  the  geometrical  deformations  than  by 
what  Mr.  Nichols  might  term  the  mysteries  of  Poisson's  ratio. 

Fig.  16  is  an  ordinary  plan  view  of  the  writer's  standard  construc- 
tion in  which  the  slab  rods  are  at  the  bottom  of  the  slab  between  the 
supports  and  at  the  top  of  the  slab  over  the  supports.  Eig.  17  is  a  plan 
and  sectional  elevation  of  the  slab,  showing  its  deformation  under 
uniform  load  somewhat  exaggerated. 

*  "Flat  Plate  Theory  of  Reinforced  Concrete  Floor  Slabs,"  1913. 
+  Turner's  notation,  "  Concrete-Steel  Construction,"  p.  36. 
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When  the  load  is  applied,  the  slab  deflects,  and,  by  reason  of  its  Mr. 
action  as  a  circumferential  cantilever,  for  wide  areas  about  the  column 
centers,  there  is  a  radial  deformation  at  the  section  shown,  which  may 
be  termed  A  7?.  which  is  an  elongation  at  the  top  fiber  and  a  shorten- 
ing: or  compression  at  the  lower  fiber.  Now,  the  deflection  being  re- 
hitively  small,  this  difference  in  length  of  H,  measured  on  the  neutral 


SLAB  RODS  ACTING  AS  CIRCUMFERENTIAL  FRAMES 

TO  RESIST  CIRCUMFERENTIAL   DISTORTION 

Fig.   16. 

surface  before  and  after  bending,  would  be  for  approximate  compar- 
ative purposes  negligible.  Hence  it  must  be  concluded  from  the 
necessary  geometrical  relations  of  the  deformations  that  the  total  cir- 
cxmiferential  elongations  on  the  upper  surface  are  substantially  2  tt  J  JB, 
or.  roughly,  (ir  times  as  great  as  the  radial  deformation. 

Referring  to  Fig.  16,  at  the  lower  right  corner,  the  formation   of 
concentric  octagonal  polygons  one  within  the  other,  has  been   accen- 
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Mr. 
Turner. 


tuated  by  shade  lines,  and  it  becomes  evident  that  the  deformation  of 
the  slab  is  resisted  directly  by  the  radial  resistances  offered  by  the 
materials  and  also  by  the  circumferential  stresses  induced  in  this 
series  of  concentric  polygons,  thus  providing  two  kinds  of  support  by 
which,  under  the  principles  of  least  work,  the  load  may  be  carried, 
whereas  in  either  the  simple  or  continuous  beam  there  is  only  one 
kind  of  support. 


DIAGRAM   ILLUSTRATING  THE 
DEFORMATION   OF  A  FLAT  SLAB 

under  load 
Fig.  17. 

The  determination  of  the  load  which  would  be  carried  by  these 
respective  resistances  would  (in  accordance  with  the  principles  of 
least  work)  be  in  proportion  to  the  rigidities  of  the  resisting  parts. 
However,  it  is  unnecessary,  for  the  purposes  of  this  discussion,  to  go 
into  the  complete  quantitative  analysis  of  the  eificiency  of  these  two 
systems  which  appear  in  the  cantilever  portion  of  the  slab,  as  the 
object  is  attained  by  pointing  out  the  existence  of  these  two  systems 
by  which  the  load  may  travel  to  its  support,  which  constitutes  a  part 
of  the  fundamental  difference  between  slab  theory  and  beam  theory,  a 
difference  which  has  been  totally  overlooked  by  Mr.  Nichols. 
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The  analoffoiis  action  of  the  diae-oual  belts  near  the  center  of  the  ^  Mr. 

TurD6r 
panel  bringrs  out  still  more  elearlj-  the  difference  between  slab  theory 

and  beam   theory    (or   its   equivalent),   as  applied  to  this  part  of   the 

structure.     This  ditference  may  be  treated  perhaps  better  in  a  rough, 

general  manner  by  pointing  out  the  analogy  between  the  simple  Pratt 

truss  and  the  beam  of  homogeneous  material  in  the  manner  by  which 

the  flange  stresses  increase  toward  the  center.     In  a  Pratt  truss,   for 

instance,  having  end  panels  with  parallel  chords,  flange  stresses  are  piled 

up  or  accumulated  toward  the  center,  according  to  the  following  laws: 

Tlie  end  ilicnl  stress  is  T'j  (tan,  d),  the  second  panel  is  (J\  +  V^) 
(tan.  0).  the  stress  in  the  third  panel  is  (Fj  +  Fg  +  F3)  (tan.  6),  etc. 

Now,  if  in  place  of  having  a  single  truss  to  carry  the  load,  there 
are  two  trusses  intersecting  at  90°,  forming  diagonals  between  supports, 
as  in  a  slab,  and  there  is  in  addition  the  condition  that  the  trusses  are 
stayed  laterally  at  the  panel  points  by  heavy  compression  members,  to 
similar  po^ts  in  the  truss  normal  to  the  first,  there  results  the  condi- 
tion that  the  top  chord  stresses  cannot  accumulate  toward  the  center 
in  accordance  with  the  law  just  mentioned  as  the  deformation  in  the 
direction  of  the  line  of  the  chord  would  cause  a  corresponding  deforma- 
tion in  the  lateral  braces  and  hence  there  would  be  two  paths  by  which 
the  load  could  travel,  one  by  ring-like  compressions  around  the  squares 
formed  by  the  braces,  and  the  other  by  direct  stresses.  If  the  bottom 
chords  were  also  connected  by  a  series  of  ties  similar  to  the  struts 
assumed  at  the  panel  points  of  the  top  chord,  their  action  would  like- 
wise be  similar  in  reducing  the  accumulation  of  bottom  chord  stresses, 
thus  furnishing  two  systems  for  the  load  to  travel  to  the  support.  In 
like  manner,  the  stresses  in  the  main  line  of  reinforcement  at  the  cen- 
ter of  the  slab  may  be  reduced  in  amount  by  the  neutralization  of  the 
stresses  in  one  truss  by  direct  interaction  of  the  stresses  in  another 
truss  normal  to  it.  For  such  a  system  it  becomes  apparent  that  one 
could  not  have  the  same  tensile  stresses  at  the  center,  and  the  cross- 
section  of  metal,  therefore,  need  not  be  as  great  as  required  by  the  beam 
theory. 

In  the  slab  having  sufficiently  wide  belts  of  two-way  reinforcement, 
combined  with  the  concrete,  there  is  a  complete  system  of  lateral  struts 
and  ties  provided  in  the  diagonal  belts,  without  the  addition  of  more 
material,  and  hence  a  consequent  reduction  in  the  stresses  involved  in 
the  steel. 

In  referring  to  the  wide  belts,  it  may  be  observed  that  with  rein- 
forcement in  two  directions  crossing  each  other  at  right  angles,  ten- 
sile stresses  are  provided  for  in  all  directions,  as  they  may  be  readily 
resolved  into  components  parallel  to  one  system  of  rods  or  the  other, 
and  the  continuous  concrete  forms  a  strut  which  performs  the  func- 
tions of  the  suggested  braces  in  the  diagonal  trusses  assumed  above 
for  purposes  of  illustration. 
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Mr.  A  little  consideration  of  these  elementary  geometrical  relations  will 

urner.  £^||y  convince  Mr.  Nichols  of  the  error  of  the  treatment  proposed  by 
him.  These  actions  and  interactions  between  different  belts  of  re- 
inforcement have  been  treated  in  a  highly  scientific  and  exact  manner 
by  Dr.  H.  T.  Eddy,  in  his  recent  work  on  the  "Theory  of  the  Flexure 
and  Strength  of  Flat  Concrete  Floor  Slabs,"  previously  referred  to. 

This  discussion  would  be  incomplete  did  the  writer  not  mention  one 
of  the  many  absurdities  involved  in  Mr.  Nichols'  paper,  from  the  prac- 
tical standpoint;  this  is  the  remarkable  assumption  that  any  differences 
between  the  limiting  stresses  which  Mr.  Nichols  has  assumed  must 
exist  and  those  which  actually  occur  in  the  practical  building,  must 
be  due  to  the  fact  that  a  warehouse  is  never  loaded  to  its  capaciity.  To 
the  man  who  has  designed  many  such  buildings  and  seen  hundreds  of 
them  in  use,  such  an  assumption  is  a  most  interesting  absurdity.  In 
fact,  the  experienced  constructor  who  takes  pride  in  his  work  and 
guarantees  it,  never  allows  himself  to  entertain  such  a  comfortable 
delusion.  On  the  contrary,  he  is  inclined  to  figure  carefully  on  the 
story  heights  of  the  building  which  he  is  requested  to  construct  for 
warehouse  purposes,  to  determine  whether  there  is  room  enough  be- 
tween the  floor  and  the  ceiling  to  store  more  than  double  the  rated  work- 
ing capacity  of  common  commodities  throughout  the  floor.  In  all 
localities  where  building  ordinances  are  not  in  force,  the  warehouse- 
man who  rents  a  structure  for  storage  purposes  naturally  proposes  to 
make  it  produce  the  greatest  possible  revenue,  so  that,  if  he  takes  a 
contract  for  storing  so  many  hundred  or  thousand  tons  of  sugar,  his 
method  of  loading  is  to  pile  the  material  on  the  floor,  commencing  at 
the  most  distant  point  from  the  elevator  and  filling  it  up  solid  from 
floor  to  ceiling.  If,  in  such  a  structure,  the  designer  can  calculate 
that  it  is  possible  to  get  in  between  the  floor  and  the  level  of  the  ceil- 
ing, more  than  twice  the  rated  capacity  of  the  building,  he  is  justified 
in  suggesting  either  that  these  story  heights  be  decreased  or  that  the 
design  working  loads  for  the  proposed  building  be  increased.  The 
writer  makes  this  statement  advisedly,  for  the  reason  that  he  has 
been  called  on  to  report,  on  more  than  one  occasion,  on  the  question 
of  how  much  material  could  be  stored  in  a  given  building  without 
actual  collapse.  He  has  found,  on  investigation  on  more  than  a  dozen 
warehouses,  that  loads  of  more  than  double  the  rated  working  capacity 
have  been  stored  for  from  3  to  4  months  without  permanent  injury  to 
the  construction,  and  over  the  full  area  of  the  slab,  or  over  a  large 
number  of  adjacent  panels;  and  accordingly,  in  the  light  of  this  ex- 
perience, when  an  engineer  suggests  the  possibility  that  such  floors  may 
never  be  overloaded,  or  loaded  to  their  full  capacity,  he  feels  that  the 
brilliant  originator  of  such  an  idea  should  go  out  and  visit  a  few 
ordinary  warehouses  and  become  somewhat  familiar  with  commercial 
conditions  before  presenting  so  ludicrous  a  suggestion  and  one  which 
is  so  likely  to  mislead  the  novice  in  design. 
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In  the  foreg-oiiijr  statement  it  should  be  borne  in  mind   that  the      Mr. 
warelioiises  referred  to  as  having  been  over-loaded  were  designed  using 

WL 

a  eoetficient  of  bonding  of ,  wliicli    coeflSeient  took    into   considera- 

50 

tion  thi^  lateral  eflFects  of  the  four-way  reinforcement.  The  unit  stress 
used  was  13  000  lb.  per  sq.  in.  for  live  load  plus  dead  load.  If  the  dead 
load  is  taken  as  one-third  of  the  live  load,  and  the  live  load  is  doubled, 
the  working  stress  would  be  Ij^  times  13  000,  or  about  22  000  lb.  per 
sq.  in. — a  very  reasonable  and  moderate  working  stress  for  medium 
steel  having  a  vield-point  value  of  at  least  38  000  lb.  per  sq.  in.     If 

,   ,     WL 
Mr.  Xicliols'   discussion   is  correct,    and   this  coefficient  should   be  —- — 

instead  of    _     ,  it  l)ecomes   evident    that,  instead  of   having  a  working 

stress  of  22  000  lb.,  it  would  be  something  like  55  000  lb.,  or  an  amount 
greatly  exceeding  the  yield-point  value  of  the  metal,  and  that,  ac- 
cordingly, if  Mr.  Nichols'  method  of  computation  were  correct,  the 
structure  could  not  have  sustained  such  a  load  without  permanent 
deformation  of  the  steel. 

Looking  at  Mr.  Nichols'  paper  in  the  light  of  an  attempt  to  apply 
the  impossible  beam  theory  to  the  flat  slab,  it  presents  a  practical 
absurdity  in  the  manner  in  which  it  has  been  applied.  Mr.  Nichols 
proposes,  quite  properly,  in  considering  his  clear  span,  to  take  out  a 
portion  of  the  diameter  of  the  cap,  thus  reducing  the  clear  span,  L. 
Now,  for  a  continuous  beam — and  it  is  to  be  understood  that  he  pro- 
poses to  treat  a  continuous  slab  by  his  theory — the  moments   for  an 

WL  WL 

indefinite    number   of   si)ans   are at  the   support,  and at 

the  center.  Splicing  the  rods  over  the  head  rapidly  increases  the  metal, 
and  any  provision  for  shear  which  is  essential  for  practical  safety 
increases  the  metal  at,  and  in  the  vicinity  of,  the  supports.  Such  in- 
crease in  metal  increases  the  cantilever  effect,  thereby  changing  even 
for  a  continuous  beam  the  relative  moments  that  would  be  true  or  apply 
to  a  beam  of  uniform  section,  at  the  central  portion.  Why,  then,  should 
we  assume  for  such  a  combination  that  a  uniform  stress  in  all  the  metal 
throughout  should  limit  us  to  a  value  less  than  the  mean  of  the 
moments  at  the  support  and  at  the  middle?  The  proof  of  this  proposi- 
tion does  not  seem  at  all  clear  to  the  writer,  from  anything  which  is 
brought  out  in  the  paper  and,  in  fact,  he  is  inclined  to  conclude  that 
the  results  arrived  at,  even  on  beam  theory,  are  due  to  a  partial  rather 
than  a  complete  application  of  the  principles  of  statics. 

The  various  published  tests  of  extensometer  measurements  on  slab 
rods  where  four  belts  are  used  show  that  the  stresses  in  the  rods  of 
the  diagonal  belts  are  smaller  at  the  center  of  these  belts  than  are 
those  in  the  rods  of  the  direct  belts  at  the  center  of  the  span.     If  the 
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Mr.  beam  theory  groverned  in  the  distribution  of  the  load  on  the  respective 
"™®'^'  belts,  the  stress  in  the  steel  should  evidently  be  the  same  at  the  center 
of  the  diagonal  belt  as  at  the  center  of  a  direct  belt,  for  a  uniform  load, 
and,  when  actual  measurement  shows  a  difference  between  the  stresses 
measured  and  the  beam  theory,  if  assumed  to  apply,  of  nearly  or 
approximately  70%,  this  difference  is  a  fair  measure  of  the  lateral 
action  in  the  rods  of  the  diagonal  belt  which  is  not  to  be  accounted  for 
by  beam  theory.  This  fact  is  brought  out,  not  only  in  experiments 
carried  on  for  the  writer,  but  in  those  carried  on  by  others.* 

In  considering  these  remarks  the  writer  may  add  that  while  this 
criticism,  though  incomplete,  may  seem  somewhat  severe,  it  should  be 
borne  in  mind  that  a  complete  and  correct  mathematical  treatment  of 
flat  plate  floors,  from  the  theoretical  standpoint,  is  a  decidedly  difiicult 
matter.  The  writer  has  handled  this  problem  successfully  by  a  method 
of  experimentally  determined  coefiicients,  which  amounts  to  using  the 
method  of  design  by  proportion  utilized  with  such  admirable  re- 
sults by  trade  guilds  or  associations  of  the  Dark  Ages  in  the  pro- 
duction of  monumental  works  in  masonry  and  arches  which  stand 
unexcelled  to-day.  This  method,  however,  is  admittedly  not  as  satis- 
factory as  a  complete  rational  analysis  along  conventional  lines.  Not- 
withstanding the  fact  that  the  writer  has  devoted  more  or  less  time  for 
the  past  16  years  in  attempting  to  develop  such  a  theory,  he  has  failed 
in  doing  so,  and  would  probably  be  still  at  work  on  it  had  not  the  prob- 
lem been  solved  satisfactorily  by  Dr.  H.  T.  Eddy,  Professor  of  Mathe- 
matics and  Mechanics,  Emeritus,  of  the  University  of  Minnesota,  and 
Dean  of  the  Graduate  School  of  Engineering  of  that  institution.  At 
the  writer's  request,  Dr.  Eddy  has  submitted  a  short  discussion,  in  an 
endeavor  to  elucidate  some  of  these  simple  relations  which  Mr.  Nichols 
refers  to  vaguely  as  the  mysteries  of  Grashof's  formulas. 
Mr.  Edward  Godfrey,  M.  Am.  Soc.  C.  E.   (by  letter). — This  paper  is 

Godfrey,  ^jj^giy  ^j^^  important.  In  these  days,  when  systems  are  springing 
up  with  rapid  growth,  based  on  nothing  but  tests  that  satisfy  only  the 
promoters  of  these  systems,  and  builders  who  are  anxious  to  put  up 
structures  at  rock  bottom  prices,  it  is  well  to  get  at  the  base  of  things, 
and  scrutinize  the  theoretical  ground  on  which  such  systems  purport 
to  be  based. 

There  was  a  time  when  theory  did  not  bother  the  promoter.  He 
considered  his  guaranty  sufficient  to  hush  all  critics  and  to  awe  the 
boldest  of  them.  Sundry  wrecks  have  opened  the  eyes  of  the  public 
and  of  engineers,  and  more  or  less  research  is  being  conducted  to  dis- 
cover what  is  wrong. 

In  the  early  form\ilas  for  reinforced  concrete  beams,  tension  in  the 
concrete  was  frankly  used  for  its  full  value.  The  possibility  of  a  crack 
just  where  the  tension  is  the  greatest  did  not  seem  to  impress  these 

*  Proceedings,  National  Assoc,  of  Cement  Users,  Vol.  7,  1911. 
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theorists.  Now.  instead  of  nsinp:  the  tensile  value  of  the  concrete,  the  Mr. 
neutral  axis  of  the  beam  is  simply  raised,  and  the  allowed  compression  ^°  '^^^' 
in  the  concrete  is  increased — ^just  another  way  of  doing  the  same  thing — 
for  tests  to  locate  the  neutral  axis  do  not  find  it  to  be  much,  if  any, 
above  the  center  of  the  depth  of  the  concrete  beam.  The  theorists  place 
the  neutral  axis  very  high,  especially  in  a  T-beam,  which,  of  course, 
is  a  great  advantage  to  the  commercial  builder  of  reinforced  concrete. 
The  loads  specified  for  buildings  are  usually  greater  than  the  buildings 
will  receive,  so  that  if  proper  designs  are  made  on  this  basis  not  a 
great  deal  of  harm  need  result.  Engineers,  however,  in  building  struc- 
tures for  rolling  loads,  should  fcok  deeper  into  the  subject,  if  they 
want  to  build  permanently. 

In  flat  slabs  supported  on  posts,  the  tensile  strength  of  the  concrete 
plays  a  still  greater  part  in  static  tests  than  it  does  in  beams,  because 
the  tension  acts  in  all  directions.  Besides  this,  when  an  interior  bay 
is  tested,  the  aid  rendered  by  the  surrounding  idle  bays  is  great.  In 
casting  about  for  a  plausible  theoretical  excuse,  it  was  found  that 
the  neutral  axis  could  not  be  raised  a  notch  higher,  hence,  Poisson's 
ratio  was  drafted  into  service.  When  metal  is  in  tension  in  one  direc- 
tion, it  is  extended  in  that  direction,  and  contracts  in  a  direction  normal 
thereto.  If  now  stress  is  applied  normal  to  the  first,  it  will  tend  to 
reverse  the  contraction  in  that  direction  and  reduce  the  extension  in 
the  other  direction.  On  the  theory  that  stress  is  proportional  to  ex- 
tension or  so-called  strain,  it  is  argued  that  the  tension  in  one  direc- 
tion, diminishes  the  effect  of  the  tension  normal  thereto.  This  is  the 
basis  of  Poisson's  ratio.     It  is  purely  theoretical. 

The  writer  has  never  found  an  engineer  who  was  willing  to  use  it 
in  a  hollow  sphere  under  internal  pressxire,  the  most  perfect  case  imag- 
inable; in  fact,  spherical  bottom  tanks  instead  of  being  made  about 
half  as  thick  as  their  tension  would  indicate,  are  commonly  made 
twice  as  thick,  a  difference  of  about  400%  from  what  this  theory  would 
sanction.  So  much  for  Poisson's  ratio,  and  confidence  in  the  same 
where  the  ratio  is  really  applicable,  if  it  has  any  application  whatever 
in  designing. 

There  are  two  experimental  cases  where  Poisson's  ratio  might  seem 
to  have  some  meaning.  These  are  doubtful,  however.  In  a  material 
that  draws  out  like  steel  before  ultimate  failure,  the  ultimate  strength 
is  raised  by  stresses  that  prevent  the  "necking"  of  the  specimen.  This 
is  exhibited  in  notched  or  grooved  tests.  This  has  nothing  to  do  with 
the  action  of  steel  under  stresses  within  the  elastic  limit.  Glass,  which 
is  elastic  up  to  failure,  does  not  appear  to  exhibit  this  increased 
ultimate  tensile  strength,  as  will  be  shown  later.  The  other  case  is 
where  pressure  is  applied  on  a  small  area  in  the  center  of  a  Ijroad  flat 
btone  or  other  similar  substance.  Much  more  pressure  can  be  sustained 
than  on  a  small  cube,  on  account  of  the  crowding  of  the  material. 
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Mr.  There    is    one    place    where    Poisson's    ratio    has    no    application, 

°  "^  ^'  and  that  is  in  the  steel  rods  reinforcing  a  flat  slab,  the  very  place 
where  it  has  been  called  in  to  bolster  up  false  theory.  The  stress  in 
steel  rods  reinforcing  concrete  can  be  only  in  the  direction  of  the  axis 
of  the  rods.  It  is  astonishing  what  misapprehension  exists  regard- 
ing this  subject.  Some  writers  appear  to  think  that  Poisson's  ratio 
is  some  mysterious  thing  by  virtue  of  which  a  flat  plate  is  supported 
by  circular  stresses,  due  to  the  dishing. 

As  stated  by  Mr.  Nichols,  the  tests  on  flat  slabs  have  been  generally 
applied  to  single  interior  panels.  Sometimes  two  or  three  interior 
panels  are  tested.  There  are  no  recorded  tests  of  isolated  panels 
with  the  load  in  the  square  enclosed  by  the  columns,  and  none  on 
exterior  panels,  except  where  the  outer  edge  was  supported  by  a  girder 
on  a  wall.  Furthermore,  there  are  no  tests  of  flat  slab  construction 
where  load  was  placed  on  all  panels  across  a  building.  This  is,  in  fact, 
a  critical  loading.  It  is  the  criterion,  which,  if  applied  to  the  commer- 
.  cial  systems,  will  show  clearly  their  inadequacy.  As  the  writer  has 
pointed  out,*  a  flat  slab  on  rows  of  posts  is  no  better  than  the  same 
slab  on  parallel  lines  of  girders,  in  fact,  not  as  good.  The  tendency 
is  for  a  fully  loaded  slab  to  take  a  cylindrical  shape  between  two  lines 
of  posts,  as  it  would  between  two  lines  of  girders.  Applying  this 
criterion,  the  bending  moment  midway  between  columns  is  found  to 

WL  WL  WL 

be  ,  and  on  the  line  of   column  heads  — — ,  the  total  being  , 

WL 

as  compared  with  Mr.   Nichols'  ^        ,   assuming  the  support  to  be   a 

rigid  ring  arovmd  the  head  of  the  column.  His  analysis  shortens  the 
span  by  reason  of  the  assimiption  that  the  support  is  at  this  ring  at 
the  head  of  the  column.  This  shortens  the  effective  span  to  0.87  L 
and  would  make  the  writer's  moment  0.0946  W  L,  as  compared  with 
his  0.0935  W  L,  which  is  accounted  for  by  the  omission  of  the  load  on 
the  head  of  the  column.  It  is  to  be  observed  that  this  is  the  smallest 
possible  moment  to  be  resisted;  in  the  combined  sections,  A,  C,  and  B, 
Cases  II  to  V  appear  to  be  smaller,  but  tliis  is  only  because  more  sys- 
tems of  rods  cross  these  sections.  It  is  to  be  observed,  also,  that  in 
these  systems  of  rods  the  lapping  must  extend  a  sufficient  distance 
beyond  the  section,  C,  and  the  curved  line.  A,  to  develop  the  full 
strength  of  the  rods.  It  is  further  to  be  observed  that  this  moment  is 
several  times  as  great  as  that  found  by  analysts  who  wrongly  use 
Poisson's  ratio. 

The  writer  recently  made  some  tests  in  an  investigation  of  the 

stresses  in  flat  plates  supported  on  posts.     The  material  used  was  glass. 

.  This  material  was  chosen  because  it  is  elastic  to  the  point  of  failure 

and  will  not  sag  or  bag  under  a  load.     Test  No.  1  (Fig.  18)  shows  how 

*  Engineering  News,  February  29th,  1912,  p.  404. 
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a  central  load  in  an  interior  panel  acts.  The  glass  was  24  in.  square  Mr. 
and  about  0.09  in.  thick.  The  sixteen  circles  represent  wooden  blocks,  ^^  '^  ^' 
1^  in.  in  diameter,  which  acted  as  posts.  The  load  was  balanced  on  a 
similar  block  at  the  center.  The  sheet  of  glass  was  held  down  by  blocks 
over  the  sixteen  y)OSts.  A  load  of  124.^  lb.  caused  failure.  Test  No.  2 
(Fig.  19)  shows  a  similar  piece  of  glass,  similarly  conditioned.  On 
the  three  blocks  A,  B,  and  C,  there  was  placed  a  total  load  of  137  lb.; 
when  the  glass  broke,  this  sheet  was  not  quite  so  thick.  Evaluating 
the  load  to  the  same  thickness  as  the  other  sheet,  on  the  assumption 
that  the  strengths  are  as  the  square  of  the  thickness,  this  load  would 
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TEST  N0.1 
Fig.   18. 

be  157i  lb.  Instead  of  being  three  times  what  the  interior  bay  carried, 
this  is  only  about  1^  times  as  much.  This  indicates  that,  even  in  a 
brittle  substance  which  does  not  sag  and  act  in  suspension,  the  sup- 
porting power  of  an  interior  bay  is  no  indication  of  the  supporting 
power  of  a  row  of  bays. 

The  general  trend  of  the  breaks  in  Test  No.  2  in  a  direction  parallel 
to  a  line  through  ABC  indicates  clearly  the  tendency  of  the  slab  to 
assume  a  cylindrical  shape  under  loads  in  a  row  of  panels.  If  any 
load  would  cause  dishing  in  the  middle  of  a  panel,  it  would  be  a  center 
load;  but  this  dishing  effect  is  practically  nullified  by  consecutive  panel 
loads,  so  that  the  mainstay  of  some  theorists  is  destroyed. 
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Mr.  It  will  be  seen  by  the  lines  of  the  breaks  in  Test  No.  1  that  the 

Godfrey,  gjggg  broke  in  all  directions  in  the  center,  where  the  load  was  applied 
and  where  the  maximum  intensity  of  stress  evidently  existed.  Why 
did  not  conjugate  stresses  reduce  the  effect  of  stress  at  this  point,  as 
the  theory  of  Poisson's  ratio  would  indicate?  Calculations  of  the 
modulus  of  rupture  of  some  other  tests  of  the  series,  which  were  smaller 
sheets  supported  on  four  posts,  did  not  give  results  greater  than  for 
plain  sheets  in  simple  bending,  in  spite  of  the  aid  which  conjugate 
stress  is  said  to  give. 
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TEST  NO. 2 
Pig.  19. 

An  element  of  strength  that  is  read  into  the  slab  itself  (from  the 
results  of  tests)  is  the  bending  resistance  of  the  columns.  The  columns 
of  a  building  are  not  calculated  for  bending,  but,  under  a  test  load  on 
the  slab,  they  are  only  partly  loaded,  and  can  offer  aid  to  the  slab.  This 
aid  should  not  be  counted  on.  It  is  dangerous  to  do  so  in  a  low  struc- 
ture or  a  bridge,  where  the  full  capacity  of  a  column  is  apt  to  be 
reached. 

There  is  no  doubt  of  the  fact  that  a  large  measure  of  the  high 
showing  of  some  tests  on  flat  slabs  of  reinforced  concrete  is  due  to  the 
tensile  strength  of  the  concrete.  Tests  on  brittle  material  are  there- 
fore appropriate  in  an  investigation  of  such  flat  slabs,  especially  where 
rolling  loads  or  .shocks  are  considered.     Shocks  in  brittle  material  (con- 
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Crete  under  tension)  may  cause  rui)ture  after  months  or  years  of  use.      Mr. 
What  would  happen  in  a  proposed  freight  terminal,  on  flat  slabs,  when   ^°    ^^^' 
the  shocks  have  cracked  the  concrete,  and  the  steel  receives  its  full 
stress,  a  long  load  down  the  middle  of  the  slab  causing  it  to  act  in 
bending  as  a  cylinder,  the  calculated  steel  stress  being  about  the  elastic 
limit  of  the  material  ? 

There  is  nothing  in  the  flat  slab  to  commend  it  for  rolling  loads. 

H.    T.    Eddy,*   Esq.    (by   letter). — The   fundamental   erroneous    as-   Mr. 
sumption  of  this  paper  appears  in  its  first  sentence,  which  should  state        ^' 
that  statics  imposes  certain  lower  limits  to  the  apparent  applied  forces 
that  are  to  be  resisted  by  the  reinforcement  in  a  flat  slab  floor. 

It  is  assumed,  apparently  unconsciously,  by  the  author,  that  this 
statement  is  equivalent  to  that  made  in  the  paper,  for  the  entire  dis- 
cussion in  the  paper  hinges  on  the  correctness  of  equating  the  apparent 
applied  moments  to  the  moments  of  resistance  of  the  actual  tensions  in 
steel  reinforcement,  a  method  of  procedure  which  is  entirely  correct  for 
a  beam,  but  wholly  misleading  and  entirely  incorrect  for  a  slab,  as  will 
appear  from  the  following  discussion  of  true  and  apparent  bending 
moments  in  a  plate  or  slab  reinforced  in  either  of  the  various  ways 
considered  in  the  paper. 

The  source  of  the  error  appears  in  the  author's  statement  regarding 
Grashof's  formulas  and  Poisson's  ratio. 

Such  a  statement  is  entirely  unwarranted,  and  not  in  accordance 
with  the  generally  accepted  principles  of  the  theory  of  elasticity. 
There  is  nothing  mysterious  about  Grashof's  fundamental  formiilas. 
They  simply  express  mathematically  the  experimental  fact  that,  when 
a  solid  piece  of  elnstic  material  is  elongated  under  the  action  of  an 
applied  force,  the  material  undergoes  at  the  same  time  a  lateral  con- 
traction, the  amount  of  which  is  expressed  by  Poisson's  ratio.  That 
fact,  the  writer  assurnes,  would  not  be  denied  by  the  author. 

The  fundamental  equations  of  extensional  stress  and  strain  in  thin 
flat  plates  and  slabs,  as  given  by  Grashof.f  and  accepted  by  all  author- 
ities on  the  theory  of  elasticity,  since  then,  may  be  written  in  the 
fnrms: 

1 
J\^  =  Ee.^  =  p,  —  Kp,  ,  ^^^ 

or.     (1  —  K^)  p^  =  E  (e,  +  Ke.;) 
(1  _  7v2)  p^  =  E  (e,  +  Ke,) 

in  wliich  p,  and  p„  are  the  external  applied  or  apparent  stresses  per 
unit  of  area  of  cross-section  of  the  plate  or  reinforcement  of  the  slab 
which  act  parallel  to  the  axes  of  x  and  y,  respectively,  if  these  latter  lie 

♦  Professor  of  Mathematics  and  Mechanics,  Emeritus,  College  of  Engineering,  Uni- 
versity of  Minnesota. 

t  E.  Grashof.  '-Thporie  der  Elasticitfit  und  Festigkeit."  p.  352.  2d  Edition.  Berlin.  1878 
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Mr.    in  the  neutral  plane  of  the  slab,  and  are  parallel  to  the  edge  of  the 

'  panel;  and  e^^  and  e^  are  extensometer  elongations  of  the  plate  or  slab 

reinforcement  per  unit  of  length  parallel  to  x  and  y,  respectively,  while 

f^   and  fg    are  the  corresponding  true  stresses  in  the  steel.    E  is  Young's 

modulus  and  K  is  Poisson's  ratio  of  lateral  contraction  to  linear 
elongation.  Any  piece  of  material  which  is  subjected  to  stress,  and  is 
of  such  shape  that  more  than  one  of  its  dimensions  is  considerable, 
must  have  its  stresses  and  strains  considered  with  reference  to  lateral 
contraction.  This  is  the  case  in  plates  and  slabs,  as  it  is  not  the  case 
in  rods  and  beams. 

In  the  foregoing  equations,  Ee^  and  Ee^  are  the  true  stresses  per 
square  inch  of  section  of  reinforcement  acting  along  the  lines  parallel 
to  X  and  y,  respectively,  whatever  p^  and  p^  may  be.  These  latter  are 
the  cause  of  true  stresses,  but  are  not  themselves  the  values  of  the  true 
stresses,  as  in  case  of  rods,  etc.,  where  one  dimension  only  is  large. 
These  equations  show  that  the  elongation,  e^,  in  the  direction  of  x 
and  y,  is  not  dependent  alone  on  the  tension,  p^,  applied  in  that 
direction,  for  it  is  diminished  by  any  tension,  +  p„  acting  along 
y,  but  is  increased  by  any  compression,  —  p.-,,  along  y.  It  appears 
that  any  tension,  +  P2'  assists  the  piece  in  resisting  the  elongation 
along  x  and  makes  it  able  to  endure  safely  a  larger  applied  stress,  p^, 
with  the  same  degrees  of  safety,  that  is,  with  the  same  percentage  of 
elongation  or  true  stress;  but  it  is  equally  true  that  any  compression, 
—  Po,  reduces  the  safe  value  of  p^  which  may  be  applied  to  it.  These 
principles  are  not  in  accordance  with  those  which  hold  for  rods  and 
beams,  the  lateral  dimensions  of  which  are  small  compared  with  their 
lengths.  This  divergence  between  the  true  stresses,  as  shown  by  actual 
deformations,  and  the  apparent  applied  stresses,  is  a  fruitful  source 
of  error  in  the  attempted  computation  of  slabs.  Equations  (1)  in 
their  present  form  apply  to  simple  extensional  or  compressive  stresses 
and  strains,  but  may  be  extended  to  apply  to  bending  of  slabs,  in  the 
following  manner : 

Take  A  as  the  cross-section  of  the  reinforcement  per  unit  of  width 
of  slab  when  the  actual  reinforcement  is  regarded  as  distributed  in  a 
thin  sheet  of  uniform  thickness,  and  let  jd  be  the  vertical  distance 
from  the  center  of  the  reinforcement  to  the  center  of  the  compressional 
resistance  of  the  concrete  regarded  as  a  fraction,  ;',  or,  d,  the  distance 
from  the  center  of  the  steel  to  the  top  of  the  slab.    Then 

APi  jd  =  m^  and  Ap^  jd  =  m^ (2) 

are  the  apparent  bending  moments  of  the  applied  apparent  stresses, 
p^  and  P2'  Psr  unit  of  width  of  slab,  tending,  when  positive,  to  cause 
lines  which,  before  bending,  are  straight  and  parallel  to  x  and  y,  re- 
spectively, to  become  convex  downward. 

Agpin,    Ee^  Ajd  =  m^  and  Ee^  Ajd  '^  m^ (3) 
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are  the  true  bcndincr  moments  of  tlie  actual  resistance  stresses  in  the   Mr. 
reixiforcement  per  unit  of  width  of  slab,  as  shown  by  the  extensometer        ^' 
strains  in  the  steel  parallel  to  the  axes  of  x  and  y,  respectively. 

^Multiply  Equations  (1)  through  by  Ajd  and  substitute  the  values 
given  in  Equations  (2)  and  (3),  from  which  is  obtained  the  following 
relations  between  the  true  and  apparent  bending  moments  in  the  slab: 

m,  =;  m,  —  iiTmg  1 
VI.,  =  nij  —  Jim  I 
(1  —  K'^)  inj  =  mj  +  iiWg     ^ ^   ^ 


(1  —  K^)  m.^  —  Wg  +  Km^ 

These  equations  bring  out  in  a  striking  manner  the  essential  divergence 
of  the  correct  theory  of  slab  action  from  that  of  beam  action  in  which 
latter  case  there  are  the  well-known  equations,  m^  ^  m^^  and  m^  = 
m^,  that  is,  the  moment  of  the  applied  forces  is  equal  to  the  moment 
of  the  internal  resistance,  which  is  not  true  of  slabs. 

All  attempts  to  base  the  computation  of  bent  slabs  on  beam  action 
are  necessarily  erroneous,  for  it  is  wholly  inapplicable  and  misleading. 
Deflections  and  stresses  in  slabs  cannot  be  computed  correctly  by  any 
form  of  simple  or  compound  beam  theory. 

Equation   (4)  shows: 

1st. — That  at  points  where  the  apparent  moments,  m^  and  m^.  are 
of  the  same  sign  (as,  for  example,  in  the  convex  part  of  the  slab  near 
the  columns  and  also  near  the  center  of  the  panel),  the  true  bending 
moments,  m^  and  m^,  which  determine  the  true  stresses  in  the  rein- 
forcement, are  less  than  the  apparent  bending  moments  in  which  the 
latter  have  been  ordinarily  assumed  (according  to  the  beam  theory)  to 
determine  these  stresses. 

2d. — That  the  compressive  stresses  in  the  concrete  around  the 
column  cap  are  determined  on  the  same  principles,  and  are  conse- 
quently reduced  in  accordance  with  the  value  of  ^  by  a  considerable 
percentage  below  values  corresponding  to  m^  and  mj  of  the  beam  theory. 

3d. — That  the  points  where  m^  and  ux^  have  different  signs,  as  they 
have,  for  example,  in  the  middle  part  of  the  space  directly  (not 
diagonally-),  between  the  column  heads,  the  values  of  the  true  bending 
moments  are  larger  than  the  apparent  moments  as  found  by  the  beam 
theory. 

4th. — One  of  the  results  of  this  is  the  fact,  which  is  also  completely 
confirmed  by  extensometer  tests  as  well  as  theoretically,  that  the 
greatest  actual  extensions  and  true  unit  stresses  in  the  reinforcement 
of  slabs,  as  ordinarily  arranged,  occur  at  the  mid  points  of  the  rein- 
forcing rods  which  run  directly  between  the  column  heads  parallel  to 
the  sides  of  the  panel  and  do  not  occur  in  the  diagonals,  at  the  center 
of  the  panel  where  m^  and  m^  have  their  greatest  values.  Further,  with 
suitable  laps,  the  true  stresses  in  the  reinforcement  are  not  so  large 
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Mr.  over  the  columns  as  at  the  points  just  indicated.  Neither  of  these  con- 
^'  elusions  is  in  accordance  with  the  beam  theory,  as  implied  in  ordinary 
formulas  adopted  for  practice. 

5th. — Any  requirement  or  statement  as  to  the  bending  moments  at 
any  point  of  a  slab  must  state  which  kind  of  bending  moments  is 
called  for,  the  true  bending  moments  or  the  apparent  moments,  with 
the  understanding  that  the  true  bending  moments  only  are  to  be  used 
in  determining  cross-sections  of  steel.  Any  requirement  seeking  to 
proportion  the  cross-sections  of  steel  to  apparent  stresses  and  moments 
is  incorrect. 

It  is  evident  from  Equations  (1)  and  (4)  that  Poisson's  ratio,  K, 
plays  an  important  role  in  the  theory  of  flat  slabs  and  plates.  Few 
attempts  have  been  made  to  determine  K  by  directly  measuring  the 
amount  of  the  lateral  contraction  accompanying  the  elongation  of  test 
specimens,  and,  were  such  measurements  made,  the  relative  dimensions 
of  the  cross-section  of  the  specimen  would  need  to  be  considered  as 
affecting  in  a  very  complicated  way  the  true  value  of  K  to  be  derived 
from  observation.  Reliable  determinations  of  K  usually  depend  on 
observations  of  Young's  modulus  of  elasticity,  E,  and  the  shearing 
modulus  of  elasticity,  F. 

It  is  proven,  in  the  general  theory  of  the  deformation  of  isotropic 
elastic  solids,  that  all  the  elastic  properties  of  any  such  solid  are  de- 
termined without  excess  or  defect  by  its  values  of  E  and  F, 
and  that  Poisson's  ratio  is  a  function  of  E  and  F  expressed  by  the 
equation  :* 

1     E 
^^+1  =  -^  JT (5) 

There  is  evidence  to  show  that,  for  concrete,  K  is  approximately  0.1. f 
For  steel,  it  is  known  that  K  =  0.3,  nearly. 

Now,  it  is  evident  that  a  horizontal  slab  of  reinforced  concrete,  in 
which  the  reinforcement  consists  of  rods,  differs  from  one  in  which 
the  reinforcement  is  considered  to  be  a  simple  uniform  sheet  of  metal, 
in  this,  that  the  former  has  much  less  shearing  rigidity  in  resisting 
horizontal  forces  than  the  latter,  for  in  it  all  stresses  transmitted  from 
one  band  or  belt  of  rods  to  any  other  belt  crossing  it  are  transmitted 
through  concrete  only,  as  is  not  the  case  if  the  reinforcement  consists  of 
a  continuous  sheet.  It  is  evident,  therefore,  that  the  value  of  K  which 
must  be  used  in  applying  the  foregoing  equations  to  reinforced  concrete 
slabs  must  exceed  0.3,  the  value  required  in  case  the  reinforcement 
is  a  sheet  of  steel. 

It  may  be  objected  that  the  transmission  of  longitudinal  stress 
from  the  rods  of  one  belt  laterally  to  those  of   any  belt  crossing  it 

*Merrimia's  "  Mechanics  of  Materials,"  10th  Edition,  1911.  Equation  (181).  p.  466. 
tTurneaure  and  Maurer's  "  Reinforced  Concrete  Construction,"  2d  Edition,  1912,  p.  272  b. 


Papor-^.  I    DisCUS.SlON  ON  UEINFOliCKU  COXCRETE  FLAT  SLAB  FLOORS    1367 

involves  secondary  stresses  in  the  concrete  which  we  are  not  justified  Mr. 
in  assuming:  it  to  be  capable  of  resisting.  However,  such  objection 
is  untenable,  as  is  evident  from  the  phenomena  exhibited  in  the  flexure 
of  reinforced  concrete  beams,  which  show  that  the  concrete  retains 
its  shearing  bond  with  the  reinforcement  and  transmits  horizontal 
shears  as  secondary  stresses  to  the  neutral  surface  and  to  the  con- 
crete in  the  zone  of  compression  long  after  it  has  passed  the  limit  of 
its  tensile  strengi^h.  Were  it  otherwise,  reinforced  concrete  beams 
would  be  of  no  practical  utility.  Action  of  this  kind  likewise  occurs 
in  the  reinforced  concrete  slab  where  the  bond  between  the  concrete 
and  the  belts  of  rods  embedded  in  it  bring  them  into  co-action  with 
each  other  in  a  manner  like  the  co-action  of  the  parts  of  a  reinforced 
concrete  beam. 

This  analysis  of  the  conditions  affecting  the  value  of  K  for  a  rein- 
forced flat  slab  differs  radically  from  assuming  at  random  that  because 
K  ■=  0.3  for  steel  alone  and  K  =  0.1  (possibly)  for  concrete  alone, 
that  therefore  some  intermediate  value  of  K  may  be  correct  for  these 
two  materials  combined  in  a  slab.  Such  an  assumption  is  merely  a  blind 
guess,  and  has  no  rational  basis. 

As  already  partly  stated,  the  view  here  put  forth  is  this :  Since,  in 
any  homogeneous,  isotropic,  elastic  material,  the  experimental  values 
of  E  and  F  perfectly  define  all  its  elastic  properties,  and  since  we  are 
evidently  at  liberty  to  assume  our  flat  slab  as  sufficiently  fine  grained 
in  its  structure  to  act  nearly  like  a  slab  constructed  of  some  sort  of 
homogeneous  materials,  it  will  be  possible  to  determine  certain  mean 
values  of  E  and  F  which  will  define  its  elastic  properties.  It  is,  more- 
over, evident  that  in  a  slab,  where  two  kinds  of  elastic  solids  are  com- 
bined as  they  are  here,  the  mean  value  of  F  for  the  combination  is 
affected  much  more  by  the  concrete  than  is  E,  which  latter  may  be 
taken  as  that  applying  to  the  steel  alone,  and,  consequently,  as  un- 
changed by  the  combination.  It  is  otherwise,  however,  with  F,  be- 
cause the  arrangement  of  the  combination  is  such  as  to  require  the 
assumption  of  a  value  of  F  lying  somewhere  between  that  for  steel 
and  that  for  concrete.  As  the  latter  value  is  much  less  than  the 
former,  the  mean  value  of  F  is  smaller  than  for  steel  alone. 

This  reasoning  and  other  independent  theoretical  and  kinematical 
considerations  have  led  to  the  same  conclusion,  namely,  that  the  cor- 
rect value  of  K  for  the  slab  is  larger  than  0.3. 

Assuming  J?  =  30  000  000,  we  may  compute  the  corresponding 
values  of  K  and  F  from  Equation  (5)  as  follows: 

li  K  =  0.1,  F  =  13  600  000. 
If  K  =  0.3,  F  =  11600  000. 
If  K  =  0.5,  F  =  id  000  000. 
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Mr.  If  a  perfectly  complete  and  accurate  mathematical  theory  of  the 

■  ^'  flat  slab  were  at  our  disj)osal,  we  might  consider  every  experimental 
test  of  the  deflection  of  such  a  slab,  and  every  extensometer  measure- 
ment of  its  reinforcing  rods  as  an  experiment  for  determining  the 
numerical  value  of  K,  as  deflections  and  extensions  would  then  all  be 
known  functions  of  K.  Having  brought  such  a  rational  theory  to 
a  somewhat  satisfactory  degree  of  perfection,  the  writer  finds  that, 
in  the  light  of  all  known  tests  of  cantilever,  flat  slabs,  of  the  standard 
mushroom  type,  with  four-way  reinforcement  covering  the  entire  slab 
area,  the  value  that  best  satisfies  all  conditions  is : 

K  =  0.5 (6) 

It  is  possible  that  this  value  of  the  constant,  K,  for  slabs  may  need 
some  slight  modifications  hereafter,  but  for  the  present  this  may  be 
regarded  as  substantially  correct  for  such  slabs.  It  may  be  found 
necessary  to  assume  a  somewhat  different  value  for  other  forms  of 
structures,  as,  for  example,  beam  and  girder  construction.  That,  how- 
ever, must  be  determined  later.  Moreover,  it  must  be  said  that  this 
value  of  K  applies  to  tests  of  slabs  from  2  to  4  months  old,  and  under 
loads  which  have  been  applied 
to  such  relatively  soft  concrete 
as  this  for  a  period  of  usually 

not  longer  than  1  or  2  days,  and  ^  ,  ^^  ^ 

.  .  T< ■    ■^ — ■ I ^   ^T 

of  an  intensity  such  as  to  cause 


a  maximum  stress  in  the  steel 
of  from  10  000  to  20  000  lb.  per 
sq.  in.  Less  loads  on  better 
cured  concrete,  or  longer  time 
under  load,  may  possibly  show  some  deviation  from  this  value  of  K. 

How  important  a  factor  K  is  in  slab  theory  is  evident  on  consider- 
ing Equations  (4)  which  show  that  in  a  square  panel,  uniformly 
loaded,  the  true  moments,  as  shown  by  the  elongations  of  the  rein- 
forcing rods  at  the  center  of  the  panel,  and  over  the  centers  of  the 
columns,  are  only  one-half  the  corresponding  apparent  moments  de- 
rived from  considering  the  moments  required  to  hold  the  applied  forces 
in  equilibrium,  this  being  on  the  assumption,  of  course,  that  K  =  0.5. 

A  further  and  somewhat  more  elementary  consideration  of  the  ques- 
tions at  issue  may  put  the  matter  in  clearer  light  and  facilitate  the 
discussion. 

Let  A  B  C  D,  Fig.  20,  be  any  stiff  diamond  frame  (which  for  the 
present  will  be  assumed  to  be  made  of  steel)  such  that  the  joints  at 
the  corners  are  of  unknown  stiffness.  The  sides,  too,  are  of  unknown 
inclination  and  cross-section.  In  addition,  let  J.  -B  be  a  tension  member 
of  known  cross-sectioh,  and,  C  j5  be  a  compression  member,  also  of 
known  cross-section. 
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If  known  tensions,  T,  were  applied  at  the  corners,  A  and  B,  it  would  Mr. 
be  impossible,  under  the  circumstances,  to  determine  by  the  laws  of 
statics  alone  what  stress  would  occur  in  A  B  or  C  D.  So  long  as  the 
relative  dimensions,  inclination,  cross-sections,  and  other  structural 
properties  of  the  parts  of  the  diamond  frame  are  unknown  or  hidden, 
it  is  absolutely  impossible  bj^  mere  statics  to  find  out  how  much  of  the 
applied  forces,  T,  are  resisted  by  the  tie,  A  B,  or  the  strut,  C  D,  and 
any  attempt  to  correlate  these  forces  with  the  stresses  on  such  a  basis 
would  be  entirely  without  foundation. 

In  default  of  any  structural  data  respecting  the  diamond  frame, 
the  only  recourse  would  be  to  experiment  on  the  properties  of  the  pro- 
posed arrangement.  Now,  this  is  precisely  what  occurs  in  the  rein- 
forced concrete  slab.  The  known  members,  A  B  and  C  D,  represent 
parts  of  the  reinforcement,  and  the  diamond  frame  acts  like  the  matrix 
of  concrete  in  which  they  are  embedded.  The  properties  of  the  matrix 
in  combination  with  the  reinforcement  are  not  readily  amenable  to 
analysis,  and  the  mechanics  of  its  action  is  largely  hidden  from  view, 
but,  whatever  it  may  be,  it  is  not  difficult  to  discover  the  general  nature 
of   its   action. 

\Yhat  this  is,  is  evident  from  a  careful  consideration  of  what  goes 
on  in  a  simple  concrete  beam  reinforced  with  steel  rods  near  its  lower 
surface.  Though  it  is  not  permissible  to  consider  direct  tension  in  the 
concrete  as  an  element  of  strength,  it  is  not  only  permissible  but  neces- 
sary to  consider  the  bond  value  of  the  shearing  stresses  in  the  concrete 
enclosing  the  rods,  as  well  as  the  horizontal  shears  in  the  beam.  These 
last,  in  fact,  are  absolutely  essential  to  the  action  of  the  beam  in  order 
to  transmit  the  tension  in  the  steel  at  the  bottom  to  a  parallel  position 
vertically  above  it  where  it  can  be  neutralized  and  held  in  ecjuilibrium 
by  the  compressions  of  the  concrete  in  the  upper  part  of  the  beam. 
However,  such  shears,  vertical  and  horizontal,  as  are  here  admitted  to 
exist,  constitute  a  state  of  stress  in  the  concrete  in  which  indirect 
tensions  and  compressions  exist  on  planes  inclined  to  the  planes  of 
shear.  It.  thus  appears  that,  though  direct  tension  may  not  be  relied 
on  as  an  element  of  strength  in  concrete,  the  same  is  not  true  of  in- 
direct tension,  which  is  not  only  admissible  but  always  necessary 
for  beam  action. 

Now,  in  a  slab,  just  such  indirect  tensions  and  compressions  occur 
in  the  distribution  of  stresses  laterally  in  the  concrete  as  occur  in  the 
beam  in  distributing  them  vertically,  and  it  is  by  means  of  them  that 
horizontal  stresses  in  one  direction  in  the  slab  are  bi'ouglit  into  co- 
action  laterally  with  stresses  in  other  horizontal  directions  without  pro- 
ducing M'hat  would  otherwise  be  their  full  effect  on  the  steel.  In  other 
words,  the  matrix  represented  by  the  diamond  frame,  A  B  C  D,  acts 
in  such  a  way  as  to  resist  part  of  the  applied  force,  T,  without  itself 
undergoing  anything  except  permissible  indirect  stresses  such  as  occur 
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Mr.    in  beam  action.     In  a  way,  the  horizontal  dimensions  of  a  slab  play 
^'  a  part  to  reduce  both  direct  and  indirect  stresses  in  a  manner  analogous 
to  the  reduction  of  such  stresses  in  a  beam  by  reason  of  its  vertical 
dimensions. 

Here  is  an  element  of  strength  and  resistance  in  the  slab  hereto- 
fore entirely  disregarded,  but  one  which  must  be  considered  just  as 
unavoidably  as  in  reinforced  beams.  If  it  cannot  be  neglected  in  one 
case  it  cannot  in  the  other,  in  any  rational  analysis  of  the  factors  that 
must  be  taken  account  of  in  the  behavior  of  slabs  when  considering  their 
strength  and  resistance. 

The  final  effect  of  this  analysis  is  to  show  that,  although  direct 
tension  in  concrete  is  not  admissible,  and  not  to  be  counted  on  as  an 
element  of  strength,  the  unavoidable  indirect  tensions  in  the  concrete 
are  such  as  to  play  a  most  important  part  in  resisting  the  applied 
forces;  and  that,  consequently,  the  reinforcement  is  called  on  to  resist 
only  part  of  the  tension  which  is  caused  by  the  applied  forces.  The 
reinforcement  may  be  regarded  as  in  a  sense  protected  by  the  concrete 
from  much  of  the  tension  it  would  be  compelled  to  sustain  were  the 
concrete  not  thus  co-acting  with  it.  The  divergence  of  results  reached 
by  Mr.  Nichols  and  the  writer  is  largely  due  to  this  consideration. 

The  conclusions  arrived  at  in  this  discussion  which  have  not  been 
heretofore  explicitly  summarized  may  be  stated  as  follows : 

1st. — The  attempt  to  derive  the  stresses  in  multiple-way  reinforce- 
ment of  a  slab  from  the  equations  of  statics  is  futile,  and  cannot  pos- 
sibly lead  to  correct  results. 

2d. — This  is  not  merely  because  the  applied  forces  in  a  given  di- 
rection are  only  partly  borne  by  reinforcement  in  that  direction  and 
partly  by  all  the  lateral  reinforcement  there  may  be  in  other  direc- 
tions (even  by  that  at  right  angles),  but  because  the  bond  of  the  con- 
crete and  steel  necessarily  calls  indirect  stresses  into  action  in  the 
concrete,  which  help  resist  the  applied  forces,  such  indirect  stresses 
being  of  precisely  the  same  kind  as  are  always  found  to  act  in  rein- 
forced concrete  beams. 

3d. — This  method  of  co-action  of  steel  and  concrete  gives  no  war- 
rant whatever  for  the  assumption  that  it  is  ever  safe  or  proper  to 
rely  on  unreinforced  concrete  for  resistance  to  direct  tension. 

Jfth. — In  case  of  one-way  reinforcement  in  the  direction  of  the  ap- 
plied forces,  the  concrete  is  an  element  of  strength,  by  reason  of  its 
compressive  resistance  at  right  angles  to  this  direction,  even  though 
the  concrete  may  be  so  full  of  hair  cracks  at  right  angles  to  the  applied 
tensions  as  to  afford  practically  no  resistance  to  them. 

5th. — Any  area  of  concrete  not  situated  so  as  to  be  tributary  to  rein- 
forcement, so  that  the  steel  can  co-act  efficiently  with  it,  cannot  be 
subjected  to  tensile  stresses  beyond  certain  limiting  intensities  with- 
out cracking. 
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6th. — Every  sale  slab  must  have  reinforcement  on   its  face,  at  or   Mr. 
near  where  tensile  forces  act,  in  order  to  co-act  with  the  concrete  in 
resisting  them  without  prohibitive  direct  tensions  in  the  concrete. 

An  instance  of  this  co-action  too  frequently  overlooked  is  that  of 
the  steel  over  the  column  heads,  which,  if  sufficiently  stiff,  prevent 
prohibitive  tensions  in  the  concrete  across  the  top  of  the  slab  over  the 
side  belts  of  the  panels,  even  at  the  considerable  distances  of  the 
mid-span. 

1th. — Although,  in  its  total  effect  on  reinforced  concrete,  the  ac- 
tion of  indirect  stresses,  as  just  developed,  separates  the  resistance  to 
the  applied  tension  into  two  parts,  one  resisted  by  the  reinforcement, 
and  the  other  by  the  concrete,  it  requires  the  presence  of  the  steel  in 
order  to  develop  any  tensile  resistance  in  the  concrete,  and  when  the 
steel  is  not  present,  no  direct  tensile  resistance  whatever  is  to  be 
ascribed  to  the  concrete.  This  is  believed  "to  be  in  entire  accordance 
with  good  practice,  and  with  the  consensus  of  opinion  among  responsi- 
ble engineers,  as  well  as  in  accordance  with  most  city  ordinances  on 
the  subject,  and  is  a  principle  that  should  be  adhered  to. 

A.   W.   BuEL,   .M.   Am.   Soc.   C.  E. — In  the  course  of  preparing  a   Mr. 
report  on  two  buildings  of  the  Turner  "mushroom"  type,  then  under     "*" ' 
construction,  the  speaker   obtained  from  the  Library  of  this   Society, 
a  search  on  this  subject,  brought  down  to  October  17th,  1911.     This 
search  contained  twenty-six  references,  of  M'hich  about  ten  required 
careful  consideration  and  comparison. 

The  formulas  and  methods  which  had  then  been  proposed  as  a  basis 
for  the  design  of  flat  slab  floors  gave  results  varying  by  as  much  as 
300%,  as  illustrated  by  Table  1,  which  is  taken  from  an  article*  by 
Mr.  Louis  F.   Brayton. 

TABLE  1. 


No. 

Method. 

Thickness  of  slab, 
in  inches. 

Steel  per  panel, 
in  pounds. 

1 

8 
12 
8 
8 
8 
8 
8« 

2  189 

2 

3 

Turneaure  and  Maurer. .  — 

1931 
784 

4 

2120 

5 

549 

6 

McMillan 

1  084 

7 

1  900 

These  methods,  with  the  exception  of  Mr.  Turner's,  were  not  based 
on  experiments  of  any  consequence.  In  developing  and  checking  his 
empirical  method,  Mr.  Turner  has  made  a  considerable  number  of  tests 
and  exiJeriments,  but  they  are  not  entirely  satisfactory  or  conclusive, 
because  they  are  mostly  confined  to  the  loading  of  single  bays,  and  be- 
cause  deformations   or   strains   were   not   measured.      They   were   suf- 

*  Engineering  Record,  August  27th,  1910 
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Mr.  ficient,  however,  to  show  that  something  must  have  been  neglected  or 
■  erroneous  data  used  in  developing  such  formulas  or  methods  as  Nos.  1, 
2,  4,  and  7  of  Table  1. 

Mr.  Arthur  K.  Lord  has  published*  the  results  of  his  test  of  the 
slabs  in  the  Deere  and  Webber  Building,  Minneapolis.  Eight  panels 
were  loaded,  and  deformations  were  measured  at  twenty  different  points 
for  the  steel  and  about  the  same  for  the  concrete. 

Although  neither  Mr,  Lord  nor  Professor  Arthur  N,  Talbot,  M.  Am. 
Soc.  C,  E.,  consider  the  data  of  this  test  sufficiently  comprehensive  to 
form  the  basis  of  a  complete  theory,  they  do  give  some  valuable  indica- 
tions, and  incidentally  tend  to  confirm  the  empirical  method  of 
Mr.  Turner. 

The  author's  results  seem  to  be  in  substantial  agreement  with 
Methods  Nos.  1,  2,  4,  and  7  of  Table  1,  but  they  do  not  agree  with  the 
tests.  It  is  hardly  conceivable  that  the  author  could  have  been  familiar 
with  Mr.  Lord's  tests  when  he  wrote  the  paper.  That  the  presentation 
•  of  formulas  or  analyses  of  this  kind  should  include  a  comparison  with 
the  best  available  experimental  data  hardly  needs  to  be  said,  but  the 
paper  discloses  no  reference  to  any  tests  at  all.  The  author's  reasoning 
seems  to  be  deductive,  which,  since  the  time  of  Lord  Francis  Bacon, 
has  not  been  in  favor  for  scientific  investigations. 

The  amount  of  reduction  in  stresses  due  to  arch  and  slab  action  in 
the  Deere  and  Webber  Building  test  was  observed  to  be  large,  and, 
until  this  can  be  included  in  formulas,  with  at  least  approximate  ac- 
curacy, it  is  little  better  than  a  waste  of  time  to  discuss  slab  theories. 
If  Professor  Eddy  has  succeeded  in  doing  this,  and  from  his  past  work 
we  may  be  encouraged  to  look  to  him  for  results,  slab  design  may  be 
reduced  to  a  rational  basis,  but,  until  this  has  been  done,  the  best 
method  to  follow  is  that  of  empirical  proportions  from  experiments, 
being  careful  to  keep  the  variations  from  test  slab  dimensions  within 
very  narrow  limits. 

A  little  study  of  the  comparative  table  of  methods  and  a  cursory 
comparison  with  the  Deere  and  Webber  test  data  would  seem  suf- 
ficiently convincing  that  the  problem,  is  by  no  means  so  simple  as 
the  author's  statements  imply.  In  fact,  it  is  so  complex  that  no  one  has 
yet  been  able  to  present  a  rational  basis  for  design  of  flat  slabs,  unless 
Professor  Eddy  has  succeeded  in  doing  so  in  his  recent  work.  Turneaure 
and  Maurer's  method  (No.  2  of  Table  1)  was  based  almost  entirely  on 
Pro:^essor  Eddy's  previous  work,  with  the  value  of  Poisson's  ratio 
assumed  at  0.1.  It  now  appears  that  Professor  Eddy  proposes  to  use 
a  much  larger  value  for  this  ratio  as  a  result  of  more  recent  experi- 
ments. .Turneaure  and  Maurer's  method  is  at  least  300%  in  error, 
according  to  the  tests  which  have,  been  made. 


*  First  in  Engineering  News,  December  22d,  1910,  and  recently  reprinted  in  Bulletin  No. 
6i,  University  of  Illinois,  Engineering  Experiment  Station. 
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The  speaker  understood  the  author  to  say  that  theory  is  an  explana- 
tion of  facts,  and  that  he  liked  to  have  his  facts  explained.  The  speaker 
has  been  unable  to  find  a  single  fact  in  the  paper,  nor  even  an  ex- 
planation of  facts.  It  seoms  to  be  a  paper  of  explanations,  not  only 
without  facts,  but  contradicted  by  facts.  The  designers  and  builders 
of  reinforced  concrete  structures  have  been  waiting  years  for  experi- 
mental facts  on  this  slab  question.  We  are  beginning  to  get  them, 
but  we  need  at  least  twenty  more  such  tests  as  that  of  the  Deere  and 
Webber  Building  before  we  will  have  a  sound  basis  for  a  rational 
slab  theory. 

Should  the  discussion  of  this  paper  result  in  diverting  some  energj' 
from  theorizing  toward  the  making  of  much  needed  scientific  tests,  the 
effort  and  space  may  not  have  been  used  in  vain. 

E.  G.  Walker,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  author's 
method  of  ascertaining  a  lower  limit  for  the  maximum  stress  in  the 
steel  of  a  reinforced  concrete  slab  is  of  considerable  interest.  His  as- 
sumption   of    absence    of    shear 
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along  the  faces,  D,  B,  E,  and  C, 
of  the  quarter  slab  (Fig.  1)  seems 
to  be  quite  justified  in  the  case 
with  which  he  deals;  but,  in 
practice,  the  use  of  a  continuous 
slab  supported  on  flare-topped 
columns  is  less  general  than  the 
type  of  construction  in  which  the 
floor  panels  are  carried  on  second- 
arj'  and  main  beams,  which  latter 
are  supported  by  columns  at  in- 
tervals. In  such  a  case,  where 
the  panel  may  be  supported  on  four  sides  (Fig.  21),  it  may  be  assumed, 
using  the  author's  reasoning,  that  there  is  no  shear  on  the  edges,  B  and 
C,  of  the  quarter-panel.  With  reinforcement  running  parallel  to  both 
axes  of  the  slab,  and  therefore  supporting  the  slab  along  both  edges, 
D  and  A  (but  principally  along  D).  there  must  be  shear  on  these  two 
edges. 

The  writer  would  use  the  principles  of  Grashof's  formula,  or  some 
equivalent  method,  in  order  to  determine  the  relative  values  of  these 
two  shears,  but  would  like  to  learn  what  the  author's  treatment  would 
be  in  this  case.  The  raison  d'etre  of  the  paper  is  to  ascertain  a  limit- 
ing value  for  the  maximum  stresses  in  the  reinforcement,  without  the 
use  of  the  more  complicated  and  not  wholly  satisfactory  assumptions 
of  the  slab  formulas,  but,  for  the  moment,  the  writer  does  not  see  how, 
without  their  use,  the  author's  method  is  to  be  applied  to  such  cases 
as  the  one  mentioned. 
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Mr.  William  W.  Crehore,  M.  Am.  Soc.  C.  E. — In  the  opinion  of  the 

Crehore.  gpg^j^gj.^  ^jje  observed  differences  between  the  author's  beam  theory  and 

the  actual  results  obtained  in  practice  are  due  more  to  the  cantilever 

action  of  the  construction  over  the  supporting  columns  than  to  tension 

in  the  concrete  or  to  anything  else. 

The  discussion  of  Mr.  Nichols'  vei*y  thoughtful  paper  seems  to 
center  about  the  method  he  uses  in  determining  the  statical  limitation 
of  the  steel  reinforcement  in  the  floor  slab— the  point  being  raised  by 
Mr.  Turner  that  the  so-called  beam  theory  is  not  applicable  to  the 
calculation  of  a  flat  slab  floor.  It  seems  to  the  speaker  that  Mr.  Nichols' 
answer  to  this  objection  is  only  partly  effective,  namely,  that  the  direc- 
tion of  the  stresses  in  the  floor  do  not  concern  him,  as  he  is  dealing 
merely  with  the  steel  rod  itself.  It  is  quite  true,  and  perfectly  evi- 
dent, that  the  stresses  affecting  the  rod  in  the  concrete  can  act  only 
in  one  direction,  that  is,  in  the  line  of  its  length;  but  it  is  equally 
true  that,  in  the  slab  floor,  these  stresses  are  partly  relieved  by  the 
work  of  the  rods  lying  in  the  other  direction,  and  that  this  relief  is 
not  uniform  throughout  the  whole  length  of  the  rod,  nor  anything 
like  uniform,  which  means  simply  that  each  individual  rod  will  be 
loaded  in  a  manner  peculiar  to  its  position,  and  will  not  receive  a  uni- 
form load  throughout  its  full  length,  although  the  floor  slab  itseK  be 
uniformly  loaded.  At  this  point  the  advocates  of  the  two  theories  part 
company,  but  that  should  not  prevent  the  slab  theorists  from  realizing 
that  each  rod  by  itseK  must  act  the  part  of  a  beam,  in  so  far  as  it 
acts  at  all,  nor  the  beam  theorists  from  recognizing  that  the  load  on 
the  slab  is  bound  to  get  to  the  supports  by  the  shortest  possible  road 
it  can  take,  regardless  of  the  location  of  the  rods. 

Without  attempting  to  decide  between  the  respective  merits  of 
these  two  theories  of  computation,  why  should  we  not  apply  the  beam 
theory  as  nearly  in  accordance  with  the  assumptions  of  the  case  as 
it  is  possible  to  apply  it,  for  the  sake  of  giving  this  theory  a  fair  test? 
The  author  seems  to  have  stopped  short  of  the  complete  application  of 
the  beam  theory  by  not  having  taken  into  account  the  bending  mo- 
ments over  the  points  of  support.  He  assumes,  and  has  just  confirmed 
the  assumption,  that  his  hypothetical  floor  panel  is  fully  loaded  and 
that  the  load  extends  imiformly  in  all  directions  over  the  adjoining 
panels.  Under  such  an  assumption,  a  strict  application  of  the  beam 
theory  requires  a  consideration  of  the  moments  developed  over  the 
points  of  support,  that  is,  over  the  columns.  This  fact  the  author  has 
not  recognized.  It  is,  however,  vital  to  the  assumptions  made  in  this 
case;  and,  even  if  the  adjacent  floor  panels  were  not  loaded,  it  would 
still  be  necessary  to  take  into  account  the  moment  over  the  supports 
due  to  their  dead  load,  because  of  the  continuous  and  homogeneous 
nature  of  the  construction  of  the  floor.  This  end  moment  or  pier  mo- 
ment, in  a  girder  with  fixed  ends  (or  the  continuous  girder,  to  which 
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this  case  is  analogous)  is  two-thinls  as  great  as  the  moment  developed 
at  the  center  of  an  equal  span  having  free  ends,  but,  as  it  acts  in  the 
opposite  direction,  tending  to  hold  up  the  central  portion  of  the  span, 
it  should  be  deducted  from  the  total  moment  due  to  a  girder  with  free 
ends,  such  as  the  author  has  assumed  when  he  writes  M  =  R^a  as  the 
bending  moment  due  to  all  the  external  forces. 

To  recall  a  few  elementary  principles:  Let  the  span,  L,  in  Fig.  22, 
be  one  of  the  units  of  several  equal  spans,  all  uniformly  loaded  through- 
out with  the  unit  load,  w,  per  linear  foot;  and  assume  a  beam  of  any 
material  to  rest  continuously  over  the  several  supports  so  that  the 
span  in  the  figure  is  intermediate  between  loaded  spans  or  panels  on 
either  side.  Then  the  deformation  of  the  beam  in  such  a  case  would 
be  concave  downward  for  a  distance  from  the  support  equal  to  about 
one-quarter  of  the  span  (actually  0.21133  of  the  span)  and  concave 
upward  in  the  center  portion  of  the  span.  The  effect  of  the  reverse 
moments  due  to  the  fixed  ends  or  cantilever  action  over  the  supports 
reaches  out  from  the  supports  to  these  points  of  contrarj'  flexure,  and 
the  actual  resulting  moment  at  the  center  is  precisely  the  same  as 
would  be  that  of  a  span  with  free  ends  inserted  between  these  points 
of  contrary  flexure.  This  is  true  for  any  series  of  equal  spans  and  for 
any  load  within  the  elastic  limit  of  the  material,  so  long  as  the  load 
is  uniform  throughout  all  the  continuous  spans. 

L 
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Tlie  inoniciit  over  tlu*  supjiort  due  to  tlie  load,  ivL,  is 
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moment  at  the  center  of  the  span  is 

'  S  12  24 

cally,  then,  under  the  conditions  assumed,  the  greatest  moment  is  to 
be  found  over  the  support,  and  is  twice  as  great  as  the  resulting  mo- 
ment at  the  center;  but,  as  points  of  maximum  moment'  are  also  points 
of  no  shear,  we  do  not  find  the  greatest  shear  at  the  edge  of  the  sup- 
porting column,  where  the  author  has  assumed  it  to  be,  by  his  method 
of  analysis.  The  greatest  shearing  force  is  to  be  found  at  a  point 
where  there  is  no  moment,  and  in  the  present  case  such  a  point  is  in 
the  plane,  CF^  of  Fig.  22,  where  the  curvature  of  the  beam  changes. 
At  the  point  of  contrary  flexure  in  the  plane,  CF,  the  central  portion 
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Mr.      of  the  spans  hangs,  therefore,  just  like  a  loaded  span  with  free  ends 
^^  '^'^^'  supported  on  the  tip  of  a  cantilever  arm,  which  in  reality  the  portion 
of  the  beam  between  CF  and  the  support  is. 

Now,  the  length  of  the  span  between  the  two  planes,  CF,  is  known 

L 

to  be ,  and  consequently  the  load  hanging  at  the  end  of  the  canti- 

lever    arm    in   the   plane,    CF,  is  .       For    convenience,    writinor 

2   V  3 
m  =  0.21133  L,  which  is  the  distance  from  CF  to  the  nearest  support, 
we  have,  for  the  distance  from  the  center  of  the  support  to  the  center 
of  gravity  of  all  the  loads  on  the  half  span, 
wmL  icmr 

7-    +    

2   V  3  2  mi  +  ni^    V  3 


'"-^       ■  X  +   2  m    V   3 


+  icm. 


2   V   3 

which,  after  suhstitutinu;  for  m  its  vahie,  yives  x=  — . 

6 

It  is  evident,  therefore,  that  the  couple  to  be  resisted  by  the  internal 

forces  of  the  beam  is  exactly  equivalent  to  that  developed  by  assuming 

the  half  load  to  be  concentrated  at  a  point  one-sixth  of  the  span  distant 

from  the  support,  rather  than  at  the  quarter  point  (one-fourth  of  the 

span  distant  from  the  support),  as  has  been  done  by  the  author.     The 

latter  would  be  correct  for  a  span  with  free  ends,  but  is  incorrect  for  a 

span  continuous  over  two  or  more  supports.     It  will  be  noted,  further, 

that   the  half   load   multiplied   by   the   arm   of  this   couple   gives   the 

moment,  ,  which  is  known  to  be  the   maximum    moment   in   the 

continuous-girder  span  uniformly  loaded. 

The  application  of  this  analysis  to  the  case  presented  by  the  author 
is  that  the  distance,  a,  of  Fig.  2,  between  the  forces,  R^  and  -B,'  form- 
ing the  external  load  couple,  should  have  been  determined  by  treating 
the  load  of  the  quarter  panel  as  if  divided  into  two  portions,  which 
may  be  called  the  suspended  and  cantilever  portions,  respectively.  If 
R2  be  located  at  the  center  of  gravity  of  the  qua.rter-column  area, 
instead  of  at  the  center  of  gravity  of  the  quadrant  (as  by  the  author's 
method),  then  the  suspended  portion  of  the  panel's  load  should  be 
assumed  to  be  concentrated  at  a  point  situated  0.21133  of  the  diagonal 
distance  between  the  centers  of  bearing.  The  author's  distance,  a,  is 
not  exactly  the  length  of  the  quarter  span  between  bearings,  but  is 
the  definitely  computed  distance  between  the  center  of  end  shearing 
forces  and  the  center  of  gravity  of  the  quarter  panel  with  the  column 
area  deducted.  By  the  continuous-girder  method,  the  arm,  a,  should 
be  measured  from   the  center  of  gravity  of  the  quarter-column   area 
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to  the  center  of  gravity  of  the  suspended  portion  of  the  load  and  the      Mr. 
cantilever  portion  of  the  load  combined.  urehore. 

If  S,  of  Fig.  23,  denotes  the  diagonal  span  between  the  centers  of 
bearing,  ii,  and  E.„  and  if  m  is  0.21133  of  the  diagonal  span,  S,  then 
the  susiicndod  area  of  the  panel  is  DABCFE,  or  the  square,  OABC, 
with  tlio  square,  ODEF,  deducted,  and  should  be  assumed  to  be  con- 

L 


centrated  at  E.  The  cantilever  area  is  the  square,  ODEF,  with  the 
quarter-column  area  deducted,  and  should  be  assumed  to  be  concen- 
trated at  its  center  of  gravity,  G.     To  shorten  the  operation,  it  will 

be  convenient  to  let  

4r\/2 
2/  =  m  +  — 

the  distance  from  the  point,  E,  to  the  center  of  the  column,  in  which 
expression  r  is  the  radius  of  the  column.    We  then  find  the  arm, 

_  3  X-  2/  —  3  1/^  —  4  r^s/ 2       4  r  \/2 
"  3  L'^—'^Tt  t'        ~  3l^' 

and  the  total  moment  of  the  couple  due  to  R^  and  R^  is 

riV2 


M 


p  /iJy      y^       rLW2\ 

'  V    4  4  3;r       / 
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Mr.      R^   and  R„  being  each  the  same  as  by  the  author's  method,  namely, 
Crehoie.  „         "     , 

/L^       7cr\  ,     .      .  / 

10   {  — )  .     Substitutiuji;  V  =  »i  V  2.  we  have 

\  4  4    / 


from  which,  if  r  =  kL,  we  obtain 
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Line  Y  is  spealier's  representation  oE 

valuos  for  A'  and  A . 

F1:g.   24. 

Resolving  this  into  the  component  moments  acting  parallel  to  the  sides 
of  the  loaded  panel,  as  does  the  author,  we  have  for  one  of  these  mo- 
ments, after  putting  for  n  its  value,  (0.211  +  0.245A;)  L, 
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Therefore, 


K  = 


4 
0.1922 


(0.11)22  —  0.2444fc  —  0.076fc'  —  0.02't4fc3). 
0.2444fe  —  0.076fc2  —  0.0294^^ 


This  result  requires  a  complete  revision  (Fig.  24)  of  the  diagram, 
Fig.  3,  for  the  simultaneous  value  of  k  and  K.      The  line  on  this  dia- 
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gram,  although  drawn  as  a  straight  line,  is,  of  course,  part  of  a  curve  Mr. 
(Fig.  25)  known  as  the  cubical  parabola.  So  small  a  portion  of  the  <^''«'>«''e 
curve  is  needed  between  the  limiting  values  used  for  /.;  and  K,  that  it  is 
a  straight  line  for  all  practical  purposes.  The  speaker's  equation  for  K 
gives  a  line  on  this  diagram  crossing  the  author's  line  at  about  the  value 
of  h  =  0.10.  which  means  that,  when  the  ratio  of  the  column's  radius 
to  the  length  of  the  panel  is  0.16,  the  arm,  a,  of  the  loading  couple 
has  the  same  length  by  each  method.  It  should  be  observed  that 
the  author's  distance,  a,  is  measured  from  the  center  of  gravity  of  the 
shearing  forces  along  his  section.  A,  of  the  panel,  whereas  the  distance, 
a,  by  the  continuous-girder  method  is  measured  from  the  center  of 
bearing  of  the  quarter  panel. 
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Curve  A'  is  author's  equation  K= 
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4 

Dotted  lines,  -4  and  B,  include  between  them  fbe  portions 
of  these  curves  givinf?  tlie  practical  values  of  A:  in 
ordinary  use,  as  per  author's  diagram,  Fiu.  3. 
Fig.  25. 

Such  an  assumption,  for  the  size  of  the  column,  as  k  =  0.1  fi,  gives 

the  distance,  71  =  — (Fig.     2:',)    although    m    still    remains    0.-211:5:{    of 

the  diagonal  span,  S,  showing  that  the  cantilever  effect  reaches  out 
the  full  quarter  span  for  columns  of  this  size.  For  larger  col- 
umns, the  suspended  load  being  hung  so  much  farther  away,  the 
speaker's  method  will  give  a  value  for  the  steel  in  excess  of  the 
author's  method,  showing  that  the  cantilever  method  of  construction 
is  not  economical  for  values  of  k  greater  than  0.16,  and  for  all  such  the 
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Crehore  ^^'^^  should  be  placed  in  the  bottom  of  the  slab  only.  Such  a  limit  might 
have  been  inferred  from  a  knowledg-e  of  cantilever  bridges,  as  the 
length  of  the  suspended  span  is  determined  there  vpith  regard  to 
economy  in  the  whole  structure — if  made  too  short,  the  cantilever  spans 
will  be  excessively  heavy,  and  if  made  too  long  the  economy  of  that 
style  of  construction  is  sacrificed. 

In  the  speaker's  opinion,  panels  6  ft.  long,  for  example,  between 
columns  2  ft.  in  diameter  (or  in  that  ratio)  have  their  usefulness 
impaired  by  the  size  of  the  column.  Values  of  k  equal  to  or  greater 
than  0.16  mean  just  this,  and  do  not  seem  to  be  practical  values  in 
ordinary  use. 

Without  referring  to  anything  except  the  simple  laws  of  mechanics 
of  the  beam,  the  speaker  thinks  he  has  justified  "a  result  for  the  max- 
imum stress  in  the  steel  smaller  than  the  limiting  value  determined" 
in  the  paper.  If  the  author  will  revise  his  calculations  to  conform 
with  the  oontinuous-beam  theory,  just  explained,  he  will  doubtless  find 
much  closer  agreement  between  his  estimated  stress  in  the  steel  and 
the  actual  stress  developed  in  observed  tests.  If  the  beam  theory  is  to 
be  used  in  these  calculations,  it  should  be  fairly  applied,  without 
prejudice  to  the  continuous-girder  feature  of  it;  and,  if  this  is  done, 
the  speaker  believes  that  much  of  the  speculation  regarding  "dome 
•   action"  and  kindred  topics  would  be  satisfactorily  explained. 

Of  course,  it  is  seldom  true  in  actual  practice  that  all  panels  of 
such  a  floor  as  the  one  described  are  loaded  uniformly  with  the  same 
load  per  square  foot,  and,  if  the  load  be  removed  from  all  the  ad- 
joining panels,  it  is  well  known  that  the  rods  in  the  interior  panel 
will  be  stressed  more  highly  than  if  the  adjoining  panels  were  loaded; 
but  the  continuous-girder  effect  can  never  be  entirely  eliminated,  be- 
cause, in  the  kind  of  floor  here  under  consideration,  the  stresses  due 
to  the  dead  load  are  more  appropriately  determined  by  this  method.  In 
any  case,  with  this  kind  of  floor,  the  stresses  in  the  steel  may  be  cal- 
culated far  more  accurately  by  applying  the  continuous-girder  method, 
in  accordance  with  the  real  conditions  of  loading,  than  by  the  free- 
end-girder  method  used  by  the  author.  Furthermore,  it  should  be 
borne  in  mind  that,  with  a  full  load  on  all  the  panels,  the  rods  in  the 
interior  panel  would  not  be  stressed  so  much  as  with  a  lighter  load 
on  the  outer  panels  and  the  full  load  on  the  interior  panel,  notwith- 
standing the  author's  statement  to  the  contrary. 
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Lewis  M.  Haupt,  M.   Am.   Soc.   C.  E.    (by  letter). — Mr.  Parsons'     Mr. 
admirable  paper  is  worthy  of  being  read  and  known  of  all  men,  and 
especially  by  the  members  of  the  Profession  whose  duties  make  them 
pioneers  in  the  development  of  the  resources  which  the  Creator  has 
placed  at  their  disposal. 

The  altruistic,  fair-minded,  open-handed  spirit  which  permeates  this 
"philosophy"  is  so  fully  in  accord  with  the  Golden  Rule  that,  if  it 
were  realized  and  practiced  by  engineers  in  general,  it  would  make  them 
the  dominant  agency  for  the  general  uplift  of  humanity.  The  man 
who  is  in  touch  with  Nature  and  correctly  interprets  her  secrets  is, 
of  necessity,  a  lover  of  truth,  and  one  to  inspire  confidence  in  his 
judgment  and  integrity. 

It  is  true  that  a  good  engineer  must  be  an  economist;  but  economy 
is  not.  always  synonymous  with  business.  "High  finance"  lives  on 
credulity,  fluctuations  "on  'change,"  cupidity,  patronage,  and  other 
elements,  too  often  created  by  and  sanctioned  under  the  guise  of  law, 
and  it  is  erroneously  assumed  tliat  the  more  money  put  in  circulation 
by  appropriations  from  the  public  treasury,  the  greater  the  benefits, 
regardless  of  the  results.  It  should  not  be  forgotten,  however,  that 
the  revenues  are  derived  from  the  people  as  a  whole,  and  are  doled 
out  to  special  interests  employed  by  or  under  the  control  of  the 
Government,  whose  main  purpose  is  to  serve  the  appointing  power 
and  hold  on  to  the  party  patronage,  so  that  the  larger  the  appropria- 

»  This  discussion  (of  the  paper  by  Maurice  G.  Parsons,-  Jun.  Am.  Soc.  C.  E., 
published  in  April,  191.3,  Proceedings,  and  presented  at  the  meeting  of  June  4th, 
1913),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 
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Mr.  tions  the  greater  the  power  and  the  stronger  the  party.  This  policy 
■  of  Government  soon  leads  to  despotism  and  profligacy,  with  resulting 
distrust  and  destitution,  the  remedy  for  which  is  to  be  found  in  an 
economic,  judicious  application  of  public  monies  to  secure  definite 
results  on  approved  plans  demonstrated  by  experience,  and  also  on 
free  and  open  competition,  with  right  of  appeal — in  case  of  disagree- 
ment— to  impartial  arbiters,  and  not  to  the  parties  who  frame  the 
specifications  and  make  themselves  the  final  and  sole  authority.  Such 
a  policy  has  brought  ruin  to  many  honest  contractors  who  have  met 
with  unforeseen  and  unexpected  physical  obstacles,  or  with  ignorant 
inspectors. 

The  author  has  shown  how  "many-sided"  the  well-qualified  engineer 
should  be,  not  only  in  the  various  branches  of  his  profession,  but  in  the 
collateral  ones  of  finance,  legislation,  organization,  and  business  in 
general,  and  not  merely  an  honest  man  skilled  in  the  technique'  of  his 
calling;  yet  how  few  there  be  who  reach  this  standard. 

If  the  engineer  who  knows  what  is  required  in  the  physical  world 
with  which  he  has  to  deal,  does  not  also  assist  and  advise  the  Legal 
Profession  or  the  legislator  in  the  framing  of  laws  authorizing  ajid 
regulating  transportation  or  municipal  improvements,  there  is  great 
danger  of  injury  and  injustice  being  done  to  the  community;  as,  for 
instance,  in  the  case  of  the  disposal  of  the  sewage  of  densely  populated 
centers  like  New  York  or  Chicago. 

In  the  latter  instance,  the  quantity  of  potable  water  required  to 
render  the  sewage  innocuous  was  carefully  determined,  per  capita,  and 
an  open  conduit  was  constructed,  by  legal  authority  and  enactment,  to 
discharge  that  required  volume  across  the  Chicago  Divide  into  the 
Illinois  a.nd  Mississippi  Rivers — a  quantity  necessarily  increasing  with 
the  density  of  population.  Now,  when  it  is  found  necessary  to  pass 
10  000  cu.  ft.  per  sec,  to  dilute  the  sewage  sufiiciently,  the  Government 
withholds  its  permission,  leading  to  the  inference  that  the  residents 
along  the  route  of  the  outflow  must  be  content  to  use  water  con- 
taminated by  sewage,  injurious  to  health,  and  which  must  increase  in 
its  percentage  of  albuminoids  with  time;  or  else,  that  the  Sanitary 
District  must  find  some  other  method  of  disposing  of  its  refuse  matter 
after  expending  millions  in  good  faith  and  by  approval  of  the  Govern- 
ment. "Business  and  Government"  are  inseparable,  but  the  latter 
should  be  liberal,  not  dominant,  stable,  not  fickle,  regulative  rather  than 
executive  in  the  physical  works  and  operations  which  may  be  safely 
and  honestly  administered  by  competitive  corporations. 

If,  as  stated,  the  "good  of  the  people"  were  the  primary  object  of 
Government,  partisanship  would  soon  disappear,  and  many  of  the  evils 
accompanying  politics  would  vanish.  We  cannot  expect  such  a  con- 
dition, however,  under  the  laissez  faire  policy  of  keeping  out  of  politics 
and  letting  the  machine  run  itself,  in  the  old  ruts.     It  needs  the  engi- 
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neer  to  prepare  the  way  for  a  better  standard  socially,  morally,  physi-     Mr. 
cally,  and  even  spiritually.     Then  "every  valley  shall  be  exalted,  and     *"^  ' 
every  mountain  and  hill  shall  be  made  low:  and  the  crooked  shall  be 
made  straight,  and  the  rough  places  plain" :  and  an  highway  shall  be 
there,  on  which  the  wayfaring  man  may  find  occupation  and  rei¥)se. 

Charlks  Kirbv  Fox,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter). — The  Mr. 
writer  has   read   this  paper   with   much   interest   and   thinks  that   any 
papers  or  discussions  which  will  tend  to  broaden  the  field  of  engineers 
should  be  encouraged. 

The  author's  questions,  "Will  it  pay"  and  "How  much  will  it  cost," 
reach  the  core. 

Speaking  of  the  old-time  engineer,  the  author  says :  "All  this  time 
the  engineer  was,  primarily,  a  builder  without  special  training — wuth 
nothing  but  his  judgment  and  common  sense  as  guides."  From  old 
and  new  works  and  from  plans  which  the  writer  has  seen  and  heard 
about,  he  is  in.clined  to  think  that  these  two  items,  with  a  liberal 
allowance  of  loyalty  and  "stick-to-it-ness,"  are  the  principal  qualifica- 
tions of  an  engineer.  He  cannot  have  judgment  unless  he  has  acquired 
a  good  education  and  has  had  extensive  experience. 

In  connection  with  the  author's  general  statements,  it  might  be 
worth  while  to  take  into  consideration  the  testimony  given  in  the 
preface  of  Wait's  "Law  of  Operations  Preliminary  to  Construction  in 
Engineering  and  Architecture": 

"It  is  not  the  mere  competency  to  design,  draft,  lay  out,  and  super- 
intend work  that  gives  reputation  to  an  engineer.  This  is  work  done 
by  assistants  who  are  comparatively  unknown  to  the  profession.  The 
men  who  control  and  direct  the  work  are  men  of  broad  ideas  and 
business  capacity,  whom  companies  and  proprietors  expect  will  look 
after  their  business  conservatively  and  hold  their  investments  secure 
and  profitable.  This,  it  is  contended,  depends  largely  upon  their  busi- 
ness and  legal  training.  Without  this  training  graduate  engineers  find 
their  many  technical  qualifications  without  weight  in  the  estimation 
of  their  employers,  and  they  feel  it  keenly  when  men  with  a  general 
education  are  taken  from  the  ranks  of  clerks  and  office  help  and  are 
given  direction  of  work  as  superintendents  and  managers  wholly  on 
account  of  their  knowledge  of  the  business  policy  which  directs  the 
financial  operations  and  because  they  know  from  association  and  study 
how  to  decide  ordinary  questions  of  business  and  law\" 

Following  along  the  lines  of  broader  business  policy  for  engineers, 
H.  T.  Cory,  M.  Am.  Soc,  C.  E.,  recently  presented  before  this  Society 
a  very  interesting  and  instructive  paper  on  "Irrigation  and  River  Con- 
trol in  the  Colorado  River  Delta."  He  not  only  described  the  engineer- 
ing features,  but  gave  a  complete  financial  and  commercial  summary  of 
this  important  work.  This  is  the  first  time  the  writer  has  seen  this 
important  part  of  a  construction  enterprise  treated  in  this  manner. 
It  is  now  well  known  that  the  overhead  charges,  such  as   promotion. 
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Mr.  financing,  discount  and  interest  on  bonds,  general  charges,  etc.,  amount 
■  to  from  50  to  100%  of  the  cost  of  the  construction  items.    Many  papers 
are  written  on  the  technical  side  of  engineering,  but  practically  none 
on  the  business  and  financial  side. 

At'  one  time  it  was  considered  unprofessional  for  an  engineer  to  have 
anything  to  do  with  the  contractors  or  actual  construction.  In  other 
words,  his  work  was  confined  to  the  survey,  designs,  and  insiTection. 
Now,  there  is  hardly  a  contracting  company  which  is  not  handled 
wholly  or  in  part  by  engineers. 

Engineering  has  been  defined  in  many  ways  as  "the  art  of  making 
the  dollar  go  the  farthest,"  and  "the  art  of  directing  the  great  sources 
of  power  in  nature  for  the  use  and  convenience  of  man."  Why  not 
combine  these  and  define  engineering  as  the  art  of  directing  the  great 
sources  of  power  in  nature  for  the  use  and  convenience  of  man  in 
the  most  economical  manner  possible? 
f.  A.  H.  Markwart,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  is 

wart.  .  . 

a  very  thoughtful  paper.  The  engineer  is  becoming  more  and  more 
a  necessary  and  important  factor  in  the  modern  social  and  economic 
system,  and  such  papers  tend  to  bring  out  this  point  in  a  dignified  and 
scholarly  manner. 

In  this  day,  labor  is  of  value  and  creates  value,  and  the  highest 
efiiciency  thereof  is  constantly  sought  to  the  end  that  there  may  be 
no  economic  loss.  The  use  of  labor  and  the  expenditure  of  capital 
in  an  efficient  manner  is  the  function  of  the  modern  engineer.  In  re- 
motely ancient  times  human  life  had  but  little  value,  and  a  Pyramid 
was  conceived  to  satisfy  a  ruler's  whim  or  furnish  for  him  a  monu- 
ment by  which  to  be  known  after  he  ceased  to  exist.  Though  it  is 
true  that  the  ancients  constructed  such  monuments  with  considerable 
skill,  and  one  wonders  how  and  by  what  means  they  were  carried  out, 
there  was  no  wealth  created  thereby,  as  we  understand  the  term 
"wealth" — the  result  of  human  activity. 

Modern  engineering  is  the  result  of  necessity,  and  offers  a  peaceable 
field  for  achievement.  The  construction  of  such  a  great  work  as  the 
Panama  Canal,  for  the  benefit  of  humanity  at  large,  calls  forth  one's 
unbounded  admiration.  The  engineers  on  this  undertaking  have  made 
a  personal  sacrifice.  They  have  given  time  and  attention  to  a  work 
which  isolates  them  for  a  long  period,  and  acts  to  their  personal  dis- 
advantage in  many  ways.  The  emolument  received  is  small,  and  they 
are  removed  from  their  usual  associates  and  haunts,  causing  them  to 
be  more  or  less  forgotten;  the  gap  made  is  soon  closed.  Truly  there 
is  much  food  for  thought  when  one  realizes  the  obligation  of  society 
to  such  fore-lopers. 

The  engineer  of  ancient  days  knew  nothing  of  the  science  of  engi- 
neering as  it  is  now  understood.  His  work  was  the  result  of  experi- 
ment.    If   a  wall   1   ft.   thick   was   insufficiently   strong   and  fell,   one 
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2  ft.  thick  was  provided  in  the  next  venture.  Beware  of  the  engineer  jyjg^J!{j'"^^j.j 
of  the  present  day  who  constructs  his  work  in  this  manner.  It  is 
the  tendency  of  the  engineer  to  be,  not  a  parasite,  but  a  creator,  and  a 
creator  with  constructive  and  not  destructive  theories.  Furthermore, 
by  training,  his  impulses  are  those  of  the  conservationist.  Few  engi- 
neers would  knowingly  waste  the  materials  and  resources  at  their 
disposal.  These  are  tendencies  in  the  right  direction,  and  are  funda- 
mentally economic  in  theory. 

Normally,  the  engineer  has  but  little  interest  in  public  life  or  poli- 
tical activity.  This  seems  peculiar  when  we  reflect  that  all  his  train- 
ing has  been  along  a  line  wdiich  tends  to  produce  the  careful  and 
logical  thinker.  He  should  be  a  factor  in  any  progressive  regime, 
whether  political  or  commercial,  as  he  is  not  hedged  in  by  precedent 
or  prejudice.  Generally  speaking,  the  engineer  has  a  responsive  and 
receptive  mind  on  ordinary'  problems,  and  he  seeks  to  be  shown  the 
truth. 

The  writer  at  this  point  would  call  attention  to  the  apparently  in- 
creasing demand  on  the  engineer  in  the  architectural  problems  of  to-day. 
It  would  seem  that  the  architect  is  gradually  and  voluntarily  giving 
up  his  place  as  master  builder.  He  does  not  fill  the  same  office  as  did 
Michael  Angelo.  who  was  in  turn,  sculptor,  painter,  architect,  engineer, 
and  poet.  On  the  coiitrars-,  the  modern  architect  does  not  allow  himself 
to  qualify  in  this  broader  field  of  art;  he  assumes  his  most  important 
work  to  be  along  esthetic  lines  alone.  He  is  more  concerned  about  the 
exterior  appearance  of  his  building  than  about  any  other  feature.  The 
fagade,  color  scheme,  and  floor  plan  seem  to  hold  the  major  part  of 
his  attention.  Whether  the  construction  of  the  proposed  building  will 
be  a  good  commercial  proposition  is  of  no  concern  to  the  architect; 
rarely  does  he  make  a  logical  and  convincing  analysis  of  conditions 
to  be  met  or  problems  to  be  solved.  This  is  not  a  criticism,  but  a  state- 
ment of  a  condition.  Such  matters  as  the  financial  report,  the  economic 
design,  and  the  execution  of  the  scheme  are  frequently  left  to  the 
engineer.  This  is  in  support  of  the  general  idea  advanced  by  Mr.  Par- 
sons, and  is  a  confirmation  of  the  opinion  that  the  engineer  is  entering 
a  broader  field  of  activity. 

There  is  at  present  a  movement  on  the  part  of  engineers  to  develop 
a  code  of  ethics.  This  should  be  encouraged  and  fostered.  The  archi- 
tect has  his  code  of  ethics,  and,  generally  speaking,  it  is  a  recognized 
and  established  standard  for  the  profession,  even  in  the  eyes  of  the 
layman.  All  such  codes  have,  as  a  component  part,  a  schedule  of  fees, 
and  though,  on  the  face  of  things,  this  may  appear  to  be  mercenary, 
there  is  no  doubt  that  there  is  considerable  necessity  for  such  a 
feature.  The  engineer  should  be  adequately  compensated,  the  com- 
pensation being  measured  in  terms  of  the  service  rendered.  A  mani- 
festly low  price  or  insufficient  compensation  is  an  argument  for  a  poor 
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Mr.  article  or  an  inadequate  service.  A  proper  compensation  must  needs 
result  in  a  better  moral  standard,  and  any  code  of  ethics  should  in- 
clude a  schedule  of  prices,  to  bring  this  about. 

Mr.  Parsons  has  mentioned  the  ever-increasing  demand  for  engi- 
neers in  the  various  political,  social,  and  commercial  iields.  It  is 
becoming  more  and  more  the  function  of  the  engineer  to  act  as  adviser 
in  actions  or  disputes  between  labor  and  capital;  he  is  becoming  the 
scientific  purchasing  or  selling  agent  for  large  corporations;  he  as- 
sists in  the  valuation  of  property,  for  sale  or  rate-fixing  purposes, 
and  he  frequently  takes  up  sociological  problems  of  considerable 
moment. 

Engineering,  from  a  broad  viewpoint,  requires  a  large  supply 
of  common  sense,  executive  ability,  and  action.  Our  colleges  should 
take  this  into  consideration  in  their  teachings,  together  with  the  ques- 
tion of  moral  training,  to  the  end  that  to  be  an  engineer  is  to  be  one 
who  can  be  relied  on  to  operate  successfully  under  a  high  moral 
standard,  so  that  his  opinion  and  advice  will  be  sought  when  other 
sources  fail. 

It  has  been  said  that  the  engineer  frequently  looks  after  his 
client's  financial  interests  better  than  his  own.  There  is  probably  con- 
siderable truth  in  this  remark,  and  such  a  condition  is  inconsistent 
when  we  consider  the  broad  responsibility  of  the  modern  engineer. 
This  must  be  avoided,  for  there  is  something  in  the  theory  that  personal 
financial  prosperity  is  to  some  degree  a  measure  of  one's  success. 
Prosperity,  to  some  degree,  promotes  higher  ideals,  and,  after  all,  the 
higher  ideal  is  that  which  should  be  attained  in  all  walks  of  life. 

The  old  theory  that  a  business  should  charge  all  that  the  traffic 
will  bear  is  false,  and  other  advanced  and  broader  theories  are  taking 
its  place.  Good  service  is  now,  and  will  continue  to  be,  considered  as 
that  which  is  to  be  rendered.  Competition  of  service  will  in  the  future 
be  the  spur  which  actuates  opposing  concerns.  This  principle  is 
essentially  with  us  and  in  operation.  From  now  on,  a  reduction  in 
price  is  not  necessarily  going  to  obtain  the  business.  Superior  and 
improved  service  will  have  to  be  rendered.  The  "Philosophy  of  Engi- 
neering" very  clearly  brings  out  this  phase  of  modern  business. 

It  is  only  a  question  of  time,  in  corporation  activities,  when  many 
mooted  points  will  be  settled,  and  very  probably  by  the  engineer.  For 
instance,  what  consideration  shovild  be  given  in  the  case  of  free  rights 
of  way  as  regards  rate-fixing  purjjoses  ?  Should  the  public  be  a  partner 
to  this  extent?  Again,  in  continual  change  of  methods,  the  cost  of 
plant  equipment  is  being  constantly  reduced.  Early-day  plants  cost 
more  than  latter-day  plants,  resulting  in  cheaper  service  to  be  fur- 
nished by  the  latter-day  plants.  Does  it  seem  fair  to  "junk"  the  early- 
day  plant  which  was  built  in  good  faith?    Further,  the  unearned  incre- 
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ituMit    principle  will  be  put  on   a  tinner  basis.     All  such  are  problems        Mr. 
that  should  be  solved  by  the  engineer. 

The  writer  disagrees  with  the  author  as  to  whether  the  ''Money 
Trust"  is  an  absolute  necessity.  The  (juestion  of  proper  control  is  so 
complicated  that  it  is  doubtful  whetlier  all  eontiicting  points  could 
be  consoled.  A  jwwerful  money  trust  unquestionably  destroys  private 
initiative.  ^lany  an  enterprise  starts  as  a  result  of  individual  effort. 
We  sliould  do  nothing  to  prevent  such  initiative,  for  the  reason  that 
many  worthy  movements  would  thereby  remain  unborn.  Individual 
initiative  must  continue,  and  to  continue  there  must  be  incentive,  and 
to  have  that  incentive  there  must  be  the  anticipation  of  personal  profit. 
Xew  or  under-developed  localities  would  remain  dormant  if  left  to  the 
money  trust  alone. 

The  author  suggests  the  possibility  of  an  economic  rate  of  invest- 
ment as  regards  the  public  at  large;  a  commercial  clearing  house,  as 
it  were.  This  is  Utopian,  but  is  an  interesting  thought.  It  would 
be  quite  possible,  however,  in  individual  cases  of  investment,  to  de- 
termine at  what  rate,  for  instance,  ore  bodies  should  be  exhausted  in 
order  to  produce  the  most  economical  results,  in  the  broadest  sense, 
time  being  considered.  To  obtain  the  ideal  expenditure  is  a  nice 
problem  of  the  calculus,  similar  to,  but  more  complicated  than,  the 
determination  of  the  economical  diameter  of  a  pipe  line  in  a  power 
plant  so  that  the  value  of  power  lost  by  friction  bears  the  proper 
relation  to  the   value  of  the  horse-power  generated. 

The  writer  will  i-onclude  by  agreeing  thoroughly  with  the  author 
that  the  connuereial  or  big  busines.s  is  here  to  stay,  but  we  must  temper 
it  with  the  esthetic,  to  the  end  that  what  we  do  is  good  and  great, 
whether  it  be  the  development  of  an  idea  or  a  piece  of  construction. 
Our  acts  and  our  engineering  should  be  good  to  behold.  Even  a 
monument  here  and  there,  as  in  the  time  of  tiie  ancients,  will  do  us 
no  harm. 

MoRG.w  CiLLKV,  Assoc.  M.  A.M.  8oc.  (".  E.  (by  letter). — This  i)aper    mt. 
deals  with  a  phase  of  the  Profession  wliieh  has  received  very  limited  ^'^'®y- 
thought;  indeed,  too  little;  but,  of  course,  pressure  of  affairs  has  pre- 
vented  the  engineer   from   devoting   to   it  the   time   which,   otherwise, 
he  would  have  liked  to  give. 

It  is  not  less  imi)ortant  than  the  subjects  which  receive  more  atten- 
tion, and  the  neglect  which  it  has  suffered  has  been  responsible  to  a  large 
extent  for  the  lack  of  appreciation  for  the  engineer  and  his  absence 
from  the  councils  of  higher  affairs. 

The  neglect  of  kindred  lines  of  study  in  college  is  the  beginning  of 
the  engineer's  mi.stake;  he  too  often  sees  too  much  importance  in  the 
technical  side  of  his  course,  and  in  after  life  too  readily  accepts  the  posi- 
tion of  a  servant  too  engrossed  in  technical  details  to  be  bothered  with, 
and,  as  it  is  sometimes  expressed,  "to  bother  with,"  managerial  coun- 
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Mr.  cils.  Ernest  McCullough,  M.  Am.  Soc.  C.  E.,  in  his  paper  "Engineering 
^^'  Education  in  Its  Relation  to  Training  for  Engineering  Work,"*  handles 
this  side  of  the  subject  exceedingly  well  in  the  studies  he  recommends 
for  the  third-year  course,  and  it  is  in  the  perfunctory  attention  to  the 
subjects  mentioned  that  lies  the  lack  of  appreciation  for  the  engineer's 
importance  in  the  social  structure  as  brought  out  in  Mr.  Parson's 
paper.  Does  he  display  the  interest  in  that  social  structure  which  would 
inevitably  draw  him  into  the  fabric  of  big  things,  or,  possessing  that 
interest,  allow  it  to  languish  beneath  his  engrossment  in  details? 

In  fact,  the  engineer  can  learn  a  great  deal  from  the  salesman 
and  advertiser.  Publicity  will  benefit  the  engineer.  Just  as  in  business, 
so  in  engineering,  the  consumer  has  to  know  where  to  look  for  his 
engineering  service.  Among  engineer.s  there  is  no  need  of  the  strict 
code  of  ethics  that  exists  among  medical  men.  Where  is  the  public 
to  find  the  capable  and  efficient  man,  if  that  person  keeps  himself 
practically  unknown  outside  a  very  narrow  circle  of  acquaintances? 

Then,  when  his  opportunity  comes,  he  is  at  a  loss  how  to  present 
his  facts,  ideas,  and  conviction.s  in  the  briefest  yet  most  telling  way. 
To  accomplish  this  he  must  have  in  mind  the  philosophy  of  engineering, 
a  working  knowledge  of  psychology,  and  experience  in  public  speaking, 
backed  by  convincing  assurance.  In  fact,  he  must  be  a  salesman.  An 
engineer  from  one  of  the  larger  engineering  ofiices  of  New  York  City, 
one  who  had  charge  of  a  number  of  improvement  works,  once  boasted 
to  the  writer  of  having,  that  day,  gone  before  a  meeting  of  a  town 
council,  in  connection  with  his  work,  and  made  a  telling  speech  in 
which  he  persuaded  it  to  make  certain  additions  to  the  plans.  An 
average  traveling  salesman  would  have  thought  no  more  of  that  than 
that  engineer  would  have  thought  of  accomplishing  a  survey  which 
was  a  little  out  of  the  ordinary. 

Continuing  Mr.  Parson's  paper,  we  read : 

"This  rigid  requirement,  that  an  undertaking  must  be  commer- 
cially feasible,  strangles  the  industrial  application  of  many  scientific 
possibilities." 

This  is  only  too  true,  and  yet  the  development  of  scientific  possi- 
bilities, which  may  have  seemed  at  first  to  be  lacking  in  conunercial 
feasibility,  has  made  the  Edison  Laboratories  the  greatest  center  of 
valuable  invention  of  history,  and  also  has  put  the  German  nation, 
on  account  of  its  government  laboratories  and  government-aided  private 
investigations,  in  the  foremost  rank  of  chemical  knowledge  and 
development. 

Mr.  Parsons  argues  the  importance  of  the  development  of  scientific 
possibilities  which  tend  toward  the  ultimate  good  of  humanity,  and  on 
this  bases  his  convictions  as  to  the  necessity  of  a  "money  trust."  Then, 
as  the  government  is  the  people,  and  a  money  trust  holding  the  accumu- 

»  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXV,  p.  1090. 
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lateil  savings  of  a  nation  is  a  necessity,  it  aaid  the  people's  government    Mr. 
should  be  one  and  the  sanae.  Ciiiey. 

'I" he  passing  of  ^Mr.  J.  P.  Morgan  is  conceded  by  all  to  mark  the 
beginning  of  a  different  era  of  financial  arrangements.  The  economic 
ills  mentioned  by  ^Ir.  Parsons  are  traceable  to  human  frailties,  and, 
recognizing  this,  tlie  people  are  insisting  that  their  accumulated  sav- 
ings shall  not  be  risked  in  the  power  of  one  man  or  group  of  men,  re- 
gardless of  irreproachable  character  or  integrity,  unless  he  or  they  are 
directly  responsible  to  them  for  their  acts. 

The  United  States  Government  has  departments  which  have  for 
their  work  functions  in  other  fields,  similar  to  those  mentioned  by 
^Ir.  Parsons  for  his  central  clearing  house,  and  their  acts  have  the 
power  of  the  people's  government  behind  them.  Then  why  should  it 
not  have  a  department  with  the  functions  the  author  suggests  ? 

Further,  as  it  would  require  engineering  of  the  highest  order,  and 
in  which  the  Profession  would  be  of  greatest  importance,  why  should 
not  this  Society,  in  conjunction  with  the  other  great  engineering  organ- 
izations in  the  country,  take  the  initiative  in  a  movement  toward  that 
end?  As  engineers  have  become  much  better  recognized,  concerted 
action  on  their  part  would  certainly  receive  attention.  If  recommenda- 
tions are  based  on  the  deepest  thought,  give  evidence  of  having  been 
thoroughly  considered,  be  devoid  of  the  least  traces  of  personal  or 
professional  ambition,  and  carry  with  them  the  conviction  that  they 
are  for  the  far-reaching  good  of  humanity,  the  movement  will  succeed. 
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Discussion.* 


By  ]\rKssRs.  J.  P.  Snow,  E.  W.  Lewis,  and  Charles  Rufus  Harte. 


J.  P.  Snow,  M.  Am.  See.  C.  E. — It  will  be  of  interest  to  learn  from  Mr. 
the  author  if  the  scheme  for  this  work  was  decreed  by  some  public 
board,  as  is  customary  in  some  of  our  States,  or  by  agreement  between 
the  City  and  the  Railroad;  also,  if  all  matters  of  detail,  like  handling 
telegraph  wires,  which  it  is  stated  the  City  would  not  help  pay  for, 
were  settled  on  in  the  original  agreement  or  decided  on  as  the  work 
proceeded ;  also,  if  the  Railroad  was  compelled  to  pay  one-half  the  total 
cost  of  widening  streets,  where  that  was  done. 

In  connection  with  building  the  temporary  trestle,  would  it  not 
have  been  entirely  safe  to  have  used  timber  sills  resting  directly  on 
the  street  surface,  and  much  cheaper  than  to  build  concrete  footings? 
Where  there  was  any  question  of  the  bearing  value  of  the  ground, 
cross-planks  could  have  been  placed  under  the  sills.  Apparently,  this 
trestle  was  built  along  the  street,  the  surface  of  which  must  have  been 
well  compacted  and  probably  much  better  able  to  sustain  loads  than 
the  soil  beneath.  The  load  per  square  foot  under  a  simple  sill  would 
not  much  exceed  5  tons  per  sq.  ft.,  and,  with  30-in.  cross-planks  under 
the  sills,  it  would  reduce  to  about  2  tons,  which  is  a  safe  load  on  very 
ordinary  soil. 

For  temporarj^  work,  it  is  good  practice  to  use  timber  in  contact  with 

*  This  discussion  (of  the  paper  by  Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E., 
published  in  May,  1913,  Proceedings,  and  presented  at  the  meeting  of  June  4th, 
1913),  is  printed  in  Proceedings  in  order  that  the  views  e.xpressed  may  be  brought 
before  all  members  for  further  discussion. 
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Mr.    the  ground,  and  oftentimes  the  top  crust  of  soil  is  capable  of  carrying 
^°*'^'  a  greater  concentrated  load  than  the  material  below. 

Mr.  E.  W.  Lewis,  M.  Am.  Soc.  C.  E. — The  speaker  would  like  to  ask  Mr. 

^^^*^-  Wagner  how  near  the  original  estimate  the  total  cost  of  the  work  has 
proved  to  be,  if  he  is  permitted  to  give  the  figures.  Some  railroad  cor- 
porations are  averse  to  giving  out  any  figures  of  actual  cost  of  im- 
provements, and  the  speaker  does  not  wish  to  place  the  author  in  an 
embarrassing  position.  The  cost  of  extensive  improvements,  in  a  num- 
ber of  cases  which  have  come  under  the  speaker's  observation,  has 
largely  exceeded  the  estimates,  in  some  cases  as  much  as  100  per  cent. 
It  is  a  matter  of  considerable  interest,  particularly  to  those  engineers 
directly  involved,  to  have  a  comparison  between  the  estimated  and  the 
ultimate  actual  cost. 

Mr.  Charles  Rufus  Harte,  M.  Am.  Soc.  C.  E. — It  would  be  interesting 

Harte.  ^^  know  the  details  of  the  drainage  system  of  those  bridges  in  which 
the  troughs  were  filled  with  concrete. 

On  the  Boston  elevation  of  the  New  York,  New  Haven  and  Hart- 
ford Railroad,  hollow  trough  bridges,  similar  to  those  described  in  this 
paper,  were  used  to  a  considerable  extent,  and,  as  in  Mr.  Wagner's 
case,  there  was  quite  a  little  difficulty  in  the  matter  of  drainage. 

Each  trough  had  a  drainage  hole  in  which  a  copper  thimble  was 
expanded.  Not  only  was  it  very  difficult  to  keep  this  thimble  tight, 
but  other  and  entirely  unexpected  troubles  developed.  The  thimbles 
were  intended  to  discharge  into  a  copper  trough  running  parallel  with 
the  street,  which  in  turn  emptied  through  leaders  into  the  sewer.  The 
trough  was  suspended  from  the  bridge  by  wires  attached  to  the  centers 
of  spanners  over  the  top  of  the  trough,  and  in  the  first  installation 
these  spanners  were  highest  in  the  center.  Condensed  moisture  gath- 
ered on  the  steel,  ran  down  the  wires  to  the  spanner  and  then,  instead 
of  decently  dropping  into  the  trough,  flowed  on  top  of  the  spanner  and 
over  the  edge  of  the  trough  and  then  dropped  into  the  street.  It  was 
remarkable  how  often  this  occurred,  and  on  what  valuable  clothing  the 
water  managed  to  fall.  Until  the  cause  was  located  and  the  trouble 
corrected  by  depressing  the  spanner  at  the  center  below  the  level  of  the 
ends,  the  Claims  Department  was  kept  busy  with  complaints. 
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By  Messrs.  F.  T.  Robson,  Andrew  M.  Chaffey,  C.  E.  Grunsky, 
Clarence  K.  Clarke,  and  U.  S.  Marshall. 


F.  T.  EoBSON,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— Under  the  Mr. 
heading.  "Salton  Sea",  the  author  makes  two  statements  which  are 
quite  noteworthy,  and  not  to  have  been  expected.  The  first  is  that  the 
land  uncovered  as  the  sea  recedes  is  being  cultivated  with  entire 
success,  and  presumably  with  no  preliminary  treatment  to  remove 
soil  alkalinity.  This  is  the  more  significant  because,  before  the  for- 
mation of  the  sea,  this  land  had  an  alkalinity  so  great  that  it  was 
condemned  by  the  soil  surveys  of  the  United  States  Department  of 
Agriculture,  mentioned  elsewhere  by  the  author.  The  soil  alkalinity 
of  this  part  of  the  desert  is  in  general  greater  than  throughout  the 
portion  first  cultivated  and  for  which  the  Imperial  Area  Soil  Survey 
was  made.  Since  then  it  has  been  covered  for  from  1  to  6  years  by 
water  which,  according  to  Tables  20  and  21,  was  in  1907  more  than 
one-tenth  as  high  in  soluble  solids  as  ocean  water  (and  generally 
similar  in  the  proportion  of  the  various  elements),  and  is  undoubt-edly 
growing,  constantly  stronger  because  of  the  submerged  salt  beds. 
Nevertheless,  independent  inquiry  confirms  the  statement  as  to  the 
successful  cultivation  of  the  land  which  is  being  exposed. 

The  other  interesting  and  surprising  statement  is  that  the  gross 
evaporation  from  the  sea  is  only  6  ft.  per  annum.  The  writer  has 
also  taken  the  trouble  to  check  this  figure — and  has  found  that  it  should 
be  only  67  in. — and  in  doing  so  he  has  collected  some  information 
bearing  on  this  point  which  it  is  thought  will  be  of  interest. 
♦  Continued    from    May,    1913.    Proceedings. 
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Mr. 
Robson. 


The  opportunity  offered  at  the  Salton  Sea  for  careful  determination 
of  gross  evaporation  from  large  areas  of  water  surface,  and  the  rela- 
tion of  this  evaporation  to  that  from  small  pans  and  evaporators,  was 
recognized  by  the  officials  of  the  United  States  Weather  Bureau,  and 
from  October,  1907,  to  the  end  of  1910,  a  large  amount  of  work  was 
done  there. 

Special  studies  of  evaporation  loss  from  the  surfaces  of  lakes  and 
reservoirs  were  begun  by  the  Weather  Bureau,  under  the  direction 
of  Professors  Bigelow  and  Marvin,  at  Keno,  Nev.,  about  August  1st, 
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1907,  the  main  headquarters  being  transferred  to  the  Salton  Basin 
near  Salton  in  the  following  October.  Observations  were  also  made 
simultaneously  at  the  near-by  points,  Indio,  Mecca,  Mammoth,  and 
Brawley,  and  at  the  following  distant  points :  Phoenix,  Ariz. ;  Eagle 
and  Carlsbad,  N.  Mex.,  these  being  at  low  elevations  in  these  States; 
Mitchell,  Nebr. ;  Howell,  Wyo. ;  Rupert  and  Boise,  Idaho;  tiermiston 
and  Klamath  Falls,  Ore.;  North  Yakima,  Wash.;  Fallon,  Nev. ;  Lake 
Tahoe,  Cal. ;   on  the  Rocky  Mountain  Plateau  up  to  an  elevation  of 
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tiOOO  ft.;  Birmiiijjliaiii.  Ala.;  Cincinnati.  Ohio;  Tapper  Lake,  N.  Y. ;  Mr. 
and  Lockport.  111.,  in  the  districts  east  of  the  j\Iississippi  River.  Most 
of  the  western  points  selected  were  stations  of  the  U.  S.  Reclamation 
Service,  and  at  most  of  them  evaporation  observations  were  taken  at 
2.  (>.  and  I'l  A.  M.  and  at  2,  6,  and  10  p.  m..  though  in  a  few  cases  ob- 
servations were  taken  only  at  6  a.  m.  and  2  p.  M.^  which  were  found 
to  be  about  the  time  of  minimum  and  maximum  evaporation,  re- 
spectively, and  from  which,  it  has  been  shown,  very  accurate  results 
can  be  obtained  by  taking  the  mean  values. 

The  final  bulletin  on  the  data  collected  and  the  conclusions  derived 
tlierefrom,  though  promised  to  be  issued  in  1911,  has  not  yet  ap- 
jieared.  It  is  hoped  that  it  will  not  be  much  longer  delayed.  How- 
ever. Professor  Bigelow  has  given  a  summary  of  results  and  deduc- 
tions in  a  preliminary  report.*  This  preliminary  statement  does  not 
contain  the  observed  data,  which,  however,  are  abstracted  by  Professor 
Pigelow  in  the  "Abstract  of  Data,  No.  4",  issued  by  the  Weather 
Bureau,  being  "A  Provisional  Statement  Regarding  the  Total  Evapo- 
ration by  Months  at  23  Stations  in  the  United  States,  1909-10". 

The  preliminary  experiments  at  Reno  indicated  that  a  large  body 
of  water  loses  only  about  seven-tenths  as  much  as  a  small  pan  set 
in  a  dry  place  outside  its  vapor  sheet.  The  further  experiments  in- 
dicated the  loss  to  be  near  65%,  in  the  opinion  of  Professor  Bigelow; 
and  the  results  at  the  Salton  Sea,  properly  corrected,  in  the  writer's 
opinion,  indicate  the  proper  coefficient  to  be  still  lower,  namely  60 
per  cent.  This  relation,  from  the  practical  point  of  view,  is  the  most  im- 
r>ortant  fact  brought  out  in  the  work  at  these  various  stations,  particu- 
larly in  that  at  Salton.  At  this  point  four  towers  were  built:  No.  1  about 
1  500  ft.  from  the  water's  edge,  No.  2  near  the  Southern  Pacific  trestle 
over  Salton  Creek  about  500  ft.  from  the  shore.  No.  3  |  mile  west,  in  40 
ft.  of  water,  and  No.  4,  which  is  120  ft.  high.  IJ  miles  west,  in  55  ft. 
of  water  (depths  in  1909).  These  towers,  though  made  as  stiff  as 
possible,  were  found  to  have  a  slight  vibratory  motion,  even  in  quiet 
weather,  and  hence  the  water  in  the  evaporation  pans  required  to  be 
damped  in   oscillation  by  submerged  partitions. 

The  important  results,  as  given  by  Professor  Bigelow  in  the  pre- 
liminary report  referred  to,  are: 

1. — That  the  wind  velocity  was  so  different  at  various  heights, 
0,  10,  20,  30,  and  40  ft.  above  the  ground — amounting  often  to  30% 
less  at  the  ground  than  10  ft.  above — that  every  evaporation  pan  must 
be  supplied  with  its  own  anemometer  wherever  evaporation  observations 
are  made,  whether  on  land  or  on  large  bodies  of  water. 

2. — That   pan*   of  different   sizes  evaporate  at  different   rates,   and 


*  Monthly  Weather  Revieir,  P'ebruary  and  July,  1910,  pp.  .307  and  1133,  "  Studies  on  the 
Phenomena  of  the  Evaporation  of  Water  over  Lakes  and  Reservoirs." 
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Mr.      these  rates  were  found  to  vary  approximately  as  the  expression,  0.023 
(1.23)",  where  n  has  the  following  values: 

n  =  0  for  large  open-water  surfaces, 
n  =  1  for  6-ft.  pans, 
n  =  2  for  4-ft.  pans, 
71  =  3  for  2-ft.  pans, 
n  =  4  for  ordinary  dry  air. 
This  variation  seems  to  be  due  to  the  banking  up  of  the  vapor  on 
the  leeward  side  under  the  action  of  the  wind,  and  because  the  small 
pan  clears  much  more  completely  of  vapor,  and  evaporation  takes  place 
into  a  mixture  of  air  of  different  contents  according  to  the  size  of  the 
pans  and  the  force  of  the  wind. 

3. — The  formula  finally  suggested  by  Professor  Bigelow  is  (c.  g.  s. 
units)  : 

C      (^  c 

^"  =  ^^e^^d7^^  +  ^*-^*'*^^^'^' 
where  E^  =  Evaporation  in  24  hours  (one  day),  in  centimeters; 
G^  =  Coefficient,  found  to  be  0.138  (1.23)"; 
eg    =  Saturation   vapor  pressure  at  temperature   of  the   water 

surface,  designated  by  s; 
e^   =  Saturation    vapor    pressure    at    temperature    of    the    dew 

point  in  the  air  near  the  water; 
e     =  General  symbol  representing  vapor  pressure; 
E    =  General  symbol  representing  depth  of  evaporation; 

—    =  Expression  for  the  gradient  (use  Crelle's  tables)  ; 

de  , 

-T-  =  Expression  representing  the  change  of  vapor  pressure 
^  with  temperature,  s,  taken.     This  quantity  is  merely 

the  tabular  difference  in  ordinary  vapor  pressure  ta- 
bles at  the  temperature  under  consideration  (use 
Manual  Table  V). 

W  =  Wind  velocity,  in  kilometers  per  hour. 

It  is  proposed  to  substitute  this  formula  for  that  now  in  general  use, 
which  was  proposed  by  Dalton  in  1803  and  may  be  written  as  follows 
(same  notation) : 

dE 

-^=  ^'(e,  —  O  (1  +  «"^)' 

where  t     =  time,  and  C  and  a  supposed  by  constant  terms, 

or  E^  =  0.036  (1.23)"  (es  —  ed)  (1  +  0.070  W)  using  the  values 
of  the  constants  deduced  from  these  experiments  at 
Salton. 


Papers.]  DISCUSSION  OX  IRRIGATION  AND  RIVER  CONTROL  1397 

4. — That  water  in  pans  of  the  same  size  evaporates  at  the  same     Mr. 
rates  at  4  000  ft.  elevation  as  at  sea  level,  and  hence  the  formula  does 
not  contain  any  barometer  pressure  term. 

5. — The  recommended  formula  has  no  annual  period  in  the  C, 
coefficient;  the  diurnal  period  is  very  small. 

6. — A  pan  of  very  fresh  water  was  allowed  to  evaporate  alongside 
a  pan  filled  with  brackish  Salton  Sea  water,  which  was  gradually 
concentrated  by  adding  water  from  the  sea  from  November  to  May 
without  emptying  the  old  water.  The  brackish  water  evaporated  a 
little  slower  than  the  fresh  water,  to  the  amount  of  2%  in  April  and 
May. 

7. — The  actual  fall  of  the  Salton  Sea  level  from  June  1st,  1909, 
to  June  1st,  1910,  was  51  in.,  and  Professor  Bigelow  estimated  that 
the  rise  was  12  in.  due  to  inflow  from  the  Alamo  and  New  Rivers,  and 
there  were  6  in.  of  accretions  from  annvial  precipitation,  making  a 
total  gross  evaporation  of  69.0  in.  This  total  checked  with  results 
computed  by  formula  from  observed  data  necessary. 

8. — Practically,  it  was  the  conclusion  that  engineers  would  neces- 
sarily have  to  adopt  a  standard  pan  and  reduce  the  observed  readings 
to  the  open-water  surface,  as  explained  above.  Thus,  the  evaporation 
from  a  4-ft.  standard  pan,  when  corrected  for  temperature  and  wind, 
and  multiplied  by  0.6G,  is  very  close  to  what  observation  suggests.  If 
a  water  thermometer  on  a  small  raft  in  the  lake  measures  s^,  and  e,, 
and  ea  are  determined  by  using  a  sling  psychrometer,  through  t  and 
ig,  and  the  wind  velocity  by  an  anemometer  as  near  the  water  svirface 
as  possible  is  W,  then  C  =  0.138  for  a  24-hour  interval.  In  the  for- 
mula, the  mean  values  taken  at  readings  made  about  6  A.  M.  and  2  P.  M. 
should  be  used. 

The  writer  has  checked  the  estimates  of  Professor  Bigelow  as  to 
the  inflow  from  the  Alamo  and  New  Rivers,  and  the  increase  due  to  the 
rainfall  and  riin-off  from  the  water-shed,  from  all  the  available  data 
(of  which  considerably  more  exist  now  than  when  Professor  Piigelow 
did  his  work).  It  is  known  that  there  are  no  springs  or  undergTound 
sources  of  supply  discharging  into  the  basin,  because,  until  very  recent 
years,  the  sea  contained  no  water,  and  salt  beds  in  the  bottom  were 
regularly  mined.  The  rainfall  is  very  light,  consequently  the  run-off 
is  small.  From  the  time  when  the  Colorado  River  was  finally  re- 
diverted  (the  middle  of  Februarj',  1907)  to  date  is  6  years,  and  it 
seemed  to  the  writer  that  the  results  should  be  checked  to  obtain  an 
average  for  this  entire  period,  rather  than  for  the  year  from  June  1st, 
1909,  to  June  1st,  1910,  which  was  taken  by  Professor  Bigelow. 

In  determining  the  inflow,  it  is  possible  to  utilize  the  sea  itself  as 
a  large  measuring  tank  in  which  to  measure  the  combined  rainfall  on 
the  water  surface  and  the  run-off  from  the  drainage  area  due  to  rain- 
fall— proper   correction   being  made   for   the  regular    inflow   from    the 
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Mr.     Alamo  and  New  Rivers — by  using-  the  daily  gauge  heights  or  eleva- 

Robson.   ,  •  r    .1  ,  r 

tions  01  the  water  suriace. 

As  a  first  step  in  obtaining  the  average  evaporation  for  the  entire 
6-year  period,  the  difference  in  elevation  of  the  water  surface  on  April 
1st,  1907,  and  April  1st,  1913,  was  found  to  be  26.10  ft. 

If,  then,  (1)  the  total  precipitation  on  the  sea  itself,  plus  (2)  the 
total  run-off  into  the  sea,  plus  (3)  the  total  discharge  of  the  Alamo  and 
New  Rivers  into  the  sea  for  the  same  period,  be  added  to  this  26.10 
ft.,  the  result  will  be  the  total  loss  due  to  evaporation — percolation  being 
considered  as  of  no  consequence. 

a. — The  writer  prepared  a  table  of  the  rainfall  for  each  month  of 
each  year,  as  observed  at  Brawley,  Calexico,  Heber,  Imperial,  Mammoth. 
Mecca,  and  Salton,  all  these  points  being  within  the  drainage  area  and 
fairly  well  distributed.  It  was  then  assumed  that  the  total  rainfall  at  all 
these  stations,  divided  by  the  number  of  stations,  would  give  a  fair 
average  of  the  precipitation  on  the  sea  itself.  The  t<ital  thus  found 
for  the  6-year  period  was  16.59  in.  or  1.38  ft. 

h. — A  table  was  then  made  showing  the  decrease  in  elevation  of 
the  water  surface  for  each  month  of  the  period,  and  the  decrease 
for  each  month  was  compared  with  that  for  the  corresponding 
month  of  the  other  years.  It  was  found  that  the  decrease  in  one 
month  compared  very  closely  with  that  for  a  corresponding  month 
in  another  year,  except  in  cases  of  unusual  rains  or  other  known 
causes.  Eliminating  these  months,  a  total  was  then  made  of  those 
remaining,  and  the  result  was  divided  by  the  niimber  of  months  com- 
prising the  sum.  The  average  thus  found  was  assinned  to  be  the 
normal  average  decrease  for  that  month.  Sufficient  amounts,  corrected 
for  excessive  rainfalls  on  the  sea  itself,  were  added  to  bring  the  elim- 
inated months  up  to  the  average,  and  these  additions  were  considered 
as  the  run-off  or  inflow  due  to  precipitation.  This  total  was  15.00  in., 
or  1.25  ft.,  for  the  6-year  period.  The  results  obtained  by  this  method 
were  checked  by  examination  of  the  daily  precipitation  records  for 
these  variovis  Weather  Bureau  Stations.  In  such  desert  country, 
where  the  rainfall  is  scant,  that  which  does  occur  is  frequently  in 
intense  storms  or  in  local  cloudbursts.  Monthly  records,  therefore, 
are  of  little  value  as  indicating  the  probable  run-off,  and  each  storm 
at  each  observation  station  must  be  considered,  instead  of  the  monthly 
totals.  Only  two  or  three  heavy  precipitations  extending  over  the 
entire  water-shed  occurred  during  the  6  years,  the  heavy  rainfalls 
usually  being  rather  local  in  character  and  in  the  nature  of  cloud- 
bursts. The  total  number  of  such  heavy  precipitations  throughout  the 
period  at  all  these  stations,  however,  was  surprisingly  small,  and  the 
daily  gauge  heights  of  the  sea  surface  for  several  days  was  carefully 
examined  in  connection  with  each  of  these  heavy  rains.  In  this  way 
a  very  good  check  was   obtained   on   the   foregoing  method   of  deter- 
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minincr  tlio  total   inflow  into  the  basin  from  its  water-shed — exclusive      Mr. 

.•     1       x^  ,    ,  ,  ,,.  Robson. 

ot  the  >\ew  and  Alamo  lvivei"s. 

c. — The  disoharge  of  the  Alamo  and  New  Rivers  has  been  observed, 
and  a  rating:  curve  has  boon  applied  only  for  a  period  from  June, 
1000.  to  October,  1010.  Based  on  the  records  published  in  Water 
Supply  Paper  No.  300,  and  from  information  kindly  £jiven  to  the 
writer  by  Mr.  Cory  from  his  personal  records,  the  following-  rises  in 
the  elevation  of  the  lake  surface  have  been  determined,  and  are  be- 
lieved to  be  very  close  to  the  truth. 

To   January   1st,    1908 0.62  ft. 

From    January  1st,  1908,  to  January  1st,  1909..   0.65    " 

"  '•  "    1909     "  "  "     1910..   0.68    " 

"    1910     "  "  "     1911..  0.71    " 

"  "  "    1911     "  "  "     1912..   0.75    " 

"  "         "    1912     "  "  "     191:]. .   0.78    " 

Total    4.19  ft. 

To  sum  up,  then,  the  evaporation  has  been  as  follows: 

Loss  in  elevation  of  lake,  as  shown  by  prau^e  heifrhts.  ..  .  26.10  ft. 

(1)  Total  rainfall  on  lake  surface 1.38  " 

(2)  Total   run-off  from   rainfall 1.25  " 

(3)  Total  discharsre  from  Alamo  and  New  Rivers 4.10  " 


Total  evaporation,  April  1st,  1907,  to  April  1st.  1913 32.92  ft. 

or  a  yearlj'  average  of 5.58  ft. 

or    67.02  in. 

as  compared  with  69.0  in.,  the  total  iiro.ss  evaporation  found  and  es- 
timated by  Professor  Bigelow  for  the  1-year  period.  June  1st.  1909, 
to  June  1st,  1910. 

Table  31,  containing  observed  data  at  Salton  Sea,  is  taken  from 
"Abstract  of  Data,  No.  4,"  by  Professor  Bigelow,  referred  to  previously. 
The  figures  for  Nos.  1,  2,  3,  and  4,  for  March.  April,  May,  and  June, 
were  interpolated  from  curves  plotted  from  records  of  previous  .vears, 
and  found  by  experience  to  give  close  results. 

At  the  stations  outside  of  the  vapor  sheet,  at  which  observations 
were  taken,  for  a  6-ft.  pan  on  the  ground,  the  total  evaporation  ob- 
served was : 

Indio    119.33  in. 

Mecca    107.81  " 

Brawley    103.55  " 

Mammoth    125.53  " 


Total     456.22     in. 

Average    114.055    " 
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The   total  evaporation,   as  determined   by   the  writer,   was   67.02   in.     Mr. 
Hence  the  coefficient  to  be  nsed  in  converting  the  observations  from  a  ^<'^^*'°- 
G-ft.  i)an  on  the  ijTound  outside  the  vapor  sheet,  and  in  a  desert  country, 

to  tlie  total  loss  from  a  lar<;e  water  surface,  seems  to  be  — ,  or  0.59, 

114.05.5 
or,  say,  O.fi. 

Andrew  M.  Chaffey,  Esq.  (by  letter). — Careful  reading  of  Mr.  Mr. 
Cory's  paper  lea.ves  the  agreeable  impression  that  he  has  sought  to  be  ^^**®y- 
fair  and  unprejudiced  in  handling  a  very  complicated  subject.  Two 
other  publications  dealing  with  the  Imperial  Valley  project  have  ap- 
peared, one  mentioned  by  the  author*,  and  anotherf  consisting  of  short 
monographs  by  settlers,  promoters,  etc.,  gotten  out  by  E.  F.  Howe, 
editor  of  the  Imperial  Valley  Press.  Both  are  rambling  sketches, 
rather  than  histories,  unsystematic,  full  of  inaccuracies,  and  partisan 
and  misleading  statements,  and  hence  untrustworthy  and  unsatisfactory. 
Mr.  Cory's  paper,  therefore,  is  to  be  regarded  as  the  first  serious . 
history  of  Imperial  Valley,  and  will  unquestionably  be  heavily  drawn 
on  by  future  writers.  It  is  most  fortunate,  therefore,  that  it  is  being 
fully  discussed,  its  inaccuracies  pointed  out,  its  engineering  and 
historical  matter  supplemented  by  those  qualified  to  do  so,  and,  more 
particularly  even,  that  several  of  the  facts  brought  out  by  the  author 
may  bo  gathered  together  so  that  the  reader  interested  in  details  may 
not  fail  to  catch  their  true  significance. 

The  writer  was  associated  with  his  father,  Mr.  George  ChaflFey, 
in  the  management  of  the  project  from  April,  1900,  to  February,  1902, 
and,  for  more  than  twelve  years,  has  been  collecting  original  documents 
and  data  relating  to  Imperial  Valley.  To  these,  doubtless  much  the 
most  complete  in  existence,  the  author,  unfortunately,  did  not  have 
access,  due  to  the  fact  that,  curiously  enough,  he  and  the  writer  did 
not  become  acquainted  until  after  the  appearance  of  this  paper. 

On  page  1.392:};  the  author  states  that  the  first  practical  step  toward 
the  irrigation  of  the  Colorado  Desert  was  the  incorporation  of  the 
California  Development  Company  in  lS9fi.  The  writer  feels  that  this 
is  exceedingly  misleading.  Incorporating  a  company  with  large  capi- 
tal stock,  appropriating  vast  quantities  of  water,  by  posting  no- 
tices and  recording  the  same,  all  at  most  nominal  cost,  acquiring 
options  for  small  cash  payments,  getting  out  reports  setting  forth  the 
merits  of  a  project,  and  hawking  the  scheme  about  in  financial  centers, 
cannot  rightly  be  considered  a.s  "practical  steps"  toward  carrj'ing  out 
any  enterprise.  It  is  just  this  sort  of  "shoe  string"  promotion  which 
Mr.  Mead  doubtless  had  in  mind  when  writing  his  discussion  on  this 
paper  (page  563§)   and  pointing  out  the  folly  of  letting  irresponsible 

*  "  Born  of  the  Desert."  by  C.  R.  Rockwood,  1909-10. 
+  "  The  First  Decade."  Imperial.  1910-11. 
X  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1912. 
§  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1913. 
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Mr.  companies  go  ahead  without  any  public  supervision  whatsoever.  On  the 
Chaffey.  (.Qj-^^j.jjj.y  ^}^g  fij-st  "practical  step"  was  taken  when  Mr.  George  ChafFey 
signed  the  contract  (April  3d,  1900)  to  build  canals  into  Imperial 
Valley.  Many  readers  of  the  paper  will  undoubtedly  get  the  impression 
from  it  that  the  California  Development  Company  was  at  such  time  a 
going  concern,  and  that  its  promoters  had  already  produced  tangible 
results.  As  a  matter  of  fact,  though  it  had  been  in  existence  nearly 
four  years,  it  had  as  assets  the  two  options  on  land — one  in  Mexico 
and  one  in  California — mentioned  by  the  author,  as  to  each  of  which 
the  Company  was  in  default,  and  an  idea,  a  project  of  large  and  at- 
tractive proportions  on  which  not  one  shovelful  of  earth  had  been 
turned,  and  toward  the  consummation  of  which  not  one  single  practical 
step  had  been  taken.  Its  obligations,  aside  from  its  capital  stock. 
were  various  debts,  aggregating  a  considerable  sum.  and  $350  000  worth 
of  what  was  called  land  scrip — ^issued  prior  to  1900  at  10  cents  on  the 
.  dollar  and  dissipated  in  promotion  expenses — which  was  retired  at 
face  value  in  cash  or  in  exchange  for  water  stock  of  the  various  Mutual 
Water  Companies  at  market  price  at  the  most  inopportune  time, 
namely,  just  before  the  water  distributing  system  was  completed  in  the 
valley. 

The  contract  recited  that  the  California  Development  Company 
owned,  through  a  subsidiary  Mexican  Company,  100  000  acres  of  land 
in  Mexico  through  which  the  canal  must  run.  But  for  this  representa- 
tion (which  turned  out  to  be  untrue)  the  contract  would  assuredly 
not  have  been  made.  The  idea  in  reality  was  free  to  Mr.  Chaffey,  or 
to  any  one  else  for  that  matter.  Indeed,  Mr.  Chaffey,  at  the  request 
of  Dr.  Wozencraft,  had  considered  the  proposition  in  the  early  Eighties, 
before  the  later  promoters  had  even  heard  of  it. 

To  say,  therefore,  that  at  this  date  (April,  1900)  there  was  a 
"practical  change  of  management,"  that  the  engineering  policy  changed, 
or  that  "original  plans  were  not  carried  out,"  is  to  create  an  absolutely 
erroneous  impression.     To  quote  Mr.  Chaffey  himself: 

"I  saw  a  way  to  accomplish  the  object  with  the  means  at  my  com- 
mand by  disregarding  the  Rockwood  Survey  altogether,  adopting  an- 
other line  by  which  the  bank  of  the  canal  would  be  made  to  serve  as  a 
levee  to  prevent  the  flood  waters  of  the  Colorado  from  finding  their 
way  into  the  Alamo,  and  utilizing  many  miles  of  that  natural  channel 
for  the  main  canal." 

This  contract  of  April  3d,  1900,  provided  that  Mr.  Chaffey  was  to 
construct  such  canals  as  were  necessary  for  the  purpose  of  taking  water 
from  the  Colorado  Eiver  just  above  the  Mexican  boundary  line  to 
\yhere  the  central  main  canal  intersects  the  same  boundary  line  in 
Imperial  Valley,  "said  canals  to  have  a  capacity  sufficient  to  deliver 
four  hundred  thousand  acre-feet  of  water  per  annum  at  said  last- 
named  point" ;  that  no  more  money  should  be  expended  "than  is  neces- 
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sary  in  such  coustructioir';  that  the  construction  cost  of  such  canals  Mr. 
should  not  exceed  $150  000;  that  such  construction  was  to  be  "at  actual  *  ^^' 
cost  to  first  party" ;  that  Mr.  Chaffey  was  to  receive  $12  000  per  annum 
salary  for  five  years,  payable  when  the  Company  was  able  to  pay  it, 
and  one-quarter  of  the  Company's  capital  stock;  and  that  he  should 
have  charge  of  the  Company's  finances  as  well  as  its  engineering  works 
during  that  period. 

It  is  felt  that  the  foregoing  abstract  of  this  contract  will  suffice  to 
indicate  clearly  its  fairness,  to  say  the  least,  to  the  Company. 

From  this  date  until  the  contract  was  terminated — April  3d,  1900, 
to  February,  1902 — Mr.  George  Chaffey  and  associates  furnished  the 
necessary  money,  and,  dividing  the  engineering  responsibility  with  no 
other  person,  designed  and  built  the  diversion  works  and  located  and 
constructed  the  main  canal — including  the  Central  Main  west  of 
Sharps  Heading  and  in  the  United  States — as  it  exists  to-day.  During 
this  period  he  was  assisted  in  the  business  management,  in  planning 
the  system  of  Mutual  Water  Companies — which  system,  by  the  way, 
the  author  to  the  contrary  notwithstanding,  the  California  Supreme 
Court,  in  the  case  of  Thayer  vs.  California  Development  Company, 
has  recently  not  only  held  to  be  legal,  but  has  highly  commended — 
and  in  making  the  tri-party  contracts,  by  the  writer  and  by  Messrs. 
L.  M.  Holt  (who  with  Mr.  Chaffey  evolved  in  1881  the  first  Mutual 
Water  Company  ever  incorporated,  at  Etiwanda.  Cal.),  N.  W.  Stowell 
(who  was  the  first  to  introduce  concrete  water  conduits  to  irrigation 
construction  in  California  in  1878,  and  who  had  large  experience  with 
irrigation  works),  and  J.  W.  Swanwick,  who  was  largely  responsible 
for  the   tri-party  contracts. 

A  great  deal  has  been  stated  in  the  public  press  and  in  governmental 
reports — and  Mr.  Mead  in  his  discussion  (p.  564*)  might  easily  be 
understood  by  the  careless  reader  as  coinciding  therewith — condemning 
the  California  Development  Company  a.s  an  irres])onsible  corporation 
at  all  times  prior  to  the  Southern  Pacific  Company's  taking  over  the 
management  in  June,  1905.  This  was  far  from  being  true  during 
the  period  when  Mr.  Chaffey  was  directing  its  affairs — April,  1900,  to 
Februar5',  1902.  The  men  just  mentioned  were  those  he  associated 
with  him ;  all  except  the  writer  were  unusually  experienced  in  the 
different  phases  of  irrigation  work  and  development,  and  financially 
able  to  build  the  canal.  Mr.  Chaffey  himself  wa.s  a  man  of  wide 
experience  gained  in  the  practice  of  his  profession  of  Civil  and 
Mechanical  Engineer.  Best  known  as  the  founder  of  Ontario,  Cal. 
(1883),  he  had  founded  Etiwanda,  Cal.  (1881),  and  had  developed 
the  irrigation  systems  in  both  places  to  such  a  state  that  the  visit  of 
a  Royal  Commission  from  Australia  in  1885,  resulted  in  his  proceeding 
with  his  brother  to  that  country  and  establishing  the  irrigation  dis- 
*  Proceedings,  Am.  Soc.  C.  E..  for  March,  1913. 
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Mr.  tricts  of  Mildura  and  Renmark,  both  at  this  time  populous  and  prbs- 
^^'  perous  communities,  conceded  by  all  public  men  to  be  "the  great  object 
lesson  in  irrigation  for  the  rest  of  Australia."  In  1882  Mr.  Chaffey 
produced  the  first  electric  current  (generated  by  water-power)  in 
Southern  California,  and  in  1884  lighted  the  City  of  Los  Angeles  with 
electricity.  A  large  number  of  the  first  settlers  in  the  Imperial  Valley 
were  actually  from  Etiwanda  and  Ontario;  all  were  experienced  irri- 
gationists,  and  it  is  safe  to  say  that  90%  of  them  made  their  purchases 
because  they  personally  knew  of  Mr.  Chaffey's  previous  successes. 

The  writer,  of  course,  agrees  with  Mr.  Mead  that  the  State  or 
Nation  should  protect  settlers  on  and  investors  in  irrigation  projects, 
examine  and  approve  engineering  plans,  etc.,  etc.,  and  especially  he 
agrees  with  his  comments  regarding  water  right  laws,  the  unfortunate 
condition  of  which  is  responsible  for  most  of  the  financial  disasters 
which  have  overtaken  irrigation  enterprises  in  the  West,  and  of  which 
the  California  Development  Company  is,  perhaps,  the  most  notable 
example.  At  the  same  time,  it  must  be  admitted  that  the  greatest  and 
most  rapid  irrigation  development  the  world  has  known  is  that  respon- 
sible for  what  is  known  as  Southern  California,  and  the  Government — 
State  and  National — in  no  wise  helped  and  not  seldom  added  severe 
handicaps.  It  is  sometimes  said  that  Southern  California  has  been 
built  on  "shoe  strings"— certainly,  many  most  successful  enterprises 
have  been  started  with  inadequate  capital,  on  confidence  in  the  pro- 
ponent's resourcefulness.  Under  such  conditions,  people  are  "live 
wires"  to  a  degree  beyond  the  comprehension  of  officials  and  employees 
of  powerful  corporations  and  of  the  State  and  National  Governments. 
Much  of  the  resentment  toward,  and  often  unfair  criticism  of,  private 
undertakings,  by  officials  of  the  U.  S.  Reclamation  Service,  for  instance, 
has  its  beginnings  in  the  attitude  of  those  who  never  need  to  con- 
sider for  an  instant  financial  arrangements,  discounting  securities, 
etc.,  toward  "flimsy"  work  and  the  twists  and  turns  of  men  driven 
to  their  wits'  end  when  doing  things  with  insufficient  capital.  It  is 
well  enough  to  say  "Don't  try  them  if  you  cannot  get  enough  money 
to  insure  success."  Such  a  policy  would  undoubtedly  prevent  not  a 
few  failures;  but,  on  the  other  hand,  by  it  the  Southern. California  of 
to-day  would  not  have  been  for  decades  to  come. 

The  Imperial  Valley  is  possibly  the  most  striking  exami)le  of  this. 
In  the  first  place,  if  the  soil  had  been  first  examined  by  Government 
experts  instead  of  by  practical  farmers,  the  project  would  have  been 
condemned  in  toto  and  the  region  still  original  desert.  Next,  work 
was  begun  with  small  capital  in  hand,  and  in  10  months'  time, 
and  at  the  cost  of  less  than  $100  000,  Mr.  Chaffey  put  water  into  the 
burning  desert  60  miles  away  from  the  Colorado  River,  and  along  lines, 
engineering,  legal,  and  financial,  which  experience  shows  would  have 
meant  large  success  to  all  (had  the  Government  only  kept  its  hands 
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off),  and  by  doing  so  idealized  the  visions  of  the  dreamers  and  the  hopes  Mr. 
of  the  promoters  who  for  half  a  century  had  dreamed  and  promoted,  ^  ®^' 
and  accomplished  nothing.  In  less  than  2  years,  the  Imperial  Main 
Canal,  essentially  as  it  is  to-day — except  the  $75  000  head-gate  at 
Andrade — and  more  than  400  miles  of  distributing  ditches,  were  com- 
pleted and  the  water  was  ready  to  turn  on  to  100  000  acres  of  land, 
at  a  cost  to  the  settlers  averaging  less  than  $10  an  acre;  and  the  cost 
was  less  than  the  promoters  had  expended  in  the  hitherto  vain  effort  to 
get  started. 

In  contrast  is  the  Government  Yuma  Project,  with  unlimited 
capital:  $3  000  000  initial  appropriation  and  more  than  $3  000  000 
later;  time.  8  years;  acreage,  100  000;  cost,  $70  per  acre;  bitter  disap- 
pointment and  heavy  loss  to  settlers  relying  on  Government  estimates 
as  to  money,  and,  more  particularly,  time  required  to  complete  the  work. 
As  a  part  of  the  Yuma  Project,  Imperial  Valley  would  now  be  in  ex- 
actly the  state  it  actually  was  in  1902 — eleven  years  ago — as  far  as 
development  is  concerned.  In  the  meantime,  in  1905,  it  was  sending 
out  $5  000  000  worth  of  products,  and  at  present  more  than  $10  000  000 
worth.  The  gain  in  time  has  more  than  paid  all  the  real  damage 
per  se  done  by  the  runaway  river. 

As  the  author  has  pointed  out,  this  misfortune  would  never  have 
occurred  had  it  not  been  for  numerous  unnecessary  and  inexcusable 
obstacles.  For  some  of  these  there  is  possibly  some  excuse,  or  at  least 
explanation,  but  the  soil  survey  and  report  was  the  most  disastrous 
and  inexcusable  of  all.  The  space  devoted  to  it  by  the  author  in  his 
paper  is  out  of  all  proportion  small  compared  to  its  significance,  and 
the  facts  about  it  should  be  elaborated  somewhat. 

As  stated  by  the  author,  a  few  samples  of  soil  from  this  region  were 
analyzed  in  1893  by  the  Director  of  the  California  Experiment  Sta- 
tion, University  of  California,  Professor  Hilgard,  and  again  in  1896-97, 
and  also  in  1900,  when  the  Imperial  Land  Company  began  active 
work.  In  the  summer  of  1901,  the  Bureau  of  Soils,  U.  S.  Department 
of  Agriculture,  requested  the  co-operation  of  the  promotion  companies 
in  making  a  study  of  and  report  on  the  soils  of  the  Imperial  Valley. 
This  was  gladly  given,  and,  on  October  17th,  Mr.  J.  Garnett  Holmes, 
of  the  Bureau  staff,  arrived  and  began  work.  Later,  his  immediate 
superior,  Thomas  H.  Means,  M.  Am.  Soc.  C.  E.,  and  others  of  the 
Bureau,  joined  him,  and  on  December  20th  (in  63  days)  the  field  work 
was  completed.  It  took  only  3  weeks  (January  10th,  1902)  to  issue 
a  preliminary  report,  "Circular  No.  9,"  covering  the  169  sq.  miles  of 
territorj-  which  had  been  examined.  Before  this  circular  reached 
California,  an  Associated  Press  dispatch  from  Washington  advised 
that: 

"The  condition  of  soils  in  the  Colorado  Desert  in  San  Diego 
County,  as  disclosed  by  a  survey  just  completed  by  the  Agricultural 
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Mr.      Department  in  the  vicinity  of  the  new   irrigation  plant   at  Imperial, 

Chafifey.  jg  reported  to  be  'much  more  serious  than  was   anticipated.'     This  is 

the  expression  used  by  Milton  Whitney.  Chief  of  the  Bureau  of  Soils, 

in  a  preliminary  bulletin  which  he  has  deemed  best  to  issue  by  way 

of  warning." 

This  refers  to  the  report  which  the  author  says  was  "unfavorable, 
*  *  *  and  calculated  to  deter  sensible  people  from  settling  in  the 
region."  This  is  a  more  than  conservative  way  to  put  this  matter, 
as  is  shown  by  the  single  extract — by  no  means  the  strongest  of  many — 
which  the  author  quotes  on  page  1412.* 

In  1903  the  U.  S.  Department  of  Agriculture,  Bureau  of  Soils, 
issued  the  "Soil  Survey  of  the  Imperial  Area,  California  (Extending 
the  Survey  of  1901),  Advance  Sheets  of  Field  Operations  of  the 
Bureau  of  Soils,  1903."  This  document,  under  the  head  of  "Present 
and  Prospective  Development,"  on  page  31,  makes  the  statement : 

"The  sole  dependence  of  the  people  of  the  Imperial  Area  must  al- 
ways be  agriculture.  *  *  *  The  source  of  wealth,  therefore,  is 
limited  to  the  soil,  and  to  a  greater  extent  than  in  almost  any  other 
part  of  the  country.  Thus  the  problem  confronting  at  least  a  part  of 
the  farmers  in  most  arid  regions  is  here — where  alkali  is  so  generally 
distributed  in  the  soils  and  the  conditions  so  unfavorable  to  reclama- 
tion— about  as  serious  as  it  could  well  be. 

******* 

"The  people  of  the  Imperial  country  should  recognize  the  fact  that 
aside  from  the  general  problem  of  securing  water  for  irrigation  they 
have  to  solve  perhaps  the  most  serious  agricultural  problem  of  the  arid 
West.  Here  is  found  a  most  refractory  soil,  much  of  it  impregnated 
with  alkali.  The  only  way  to  benefit  the  land  is  to  carry  away  the 
salts.  The  application  of  gypsum  cannot  be  of  the  slightest  benefit. 
Little  or  no  benefit  will  be  derived  from  running  water  across  the  land 
with  the  expectation  of  flushing  the  alkali  off  the  surface.  *  *  * 
The  water  must  pass  through  the  soil  and  find  ready  egress  througli 
natural  or  artificial  drainage  ways. 

"The  quantity  of  salt  taken  out  of  the  soil  by  alkali-resistant  crops, 
such  as  sorghum  and  sugar  beets,  is  not  appreciable,  the  benefit  to  the 
soil  in  such  cases  resulting  mainly  from  the  prevention  of  evapora- 
tion at  the  surface  through  cultivation  and  from  the  leaching  of  the 
salts  into  the  subsoil  by  irrigation  water.  If  the  subsoil  be  practically 
free  from  salt,  as  is  often  the  case  in  arid  regions,  this  vertical  dis- 
tribution of  the  salts  alone  is  often  all  that  is  necessary  so  to  reclaim 
the  soil  that  sensitive  crops  can  be  grown.  But  it  has  been  shown  that 
in  the  Colorado  desert  the  subsoil  is  the  greatest  source  of  danger,  so 
that  every  bit  of  salt  removed  should  be  permanently  removed.  *  *  * 
By  far  the  greater  extent  of  the  soil  of  the  valley  is  a  sticky,  plastic 
loam  or  clay,  through  which  water  passes  very  slowly.  The  natural 
drainage  in  the  soil  itself  is  very  poor,  and  to  be  anything  like  adequate 
it  must  be  supplemented  by  artificial  drains  to   carry  off  the  ground 

*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1912. 
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water  as  the  snlts  arc  washed  down  from  the  surface.     *     *     *     Tile      Mr. 
drains  are  the  l>est  and  in  the  end  the  most  economical   for  draining  "-"^^ff^y- 
the   land.      They    are,    however,    exi)ensive,    and   the    question    is.    will 
it  pay  ^ 

"Tluit  it  will  tnentunlly  i)ny  to  drain  these  lands  there  can  he  little 
douht,  hut  in  the  present  state  of  tlie  country  concerted  action  will  be 
difficult   and  individual  effort  futile." 

In  February,  11)02,  the  University  of  California,  College  of  Agri- 
cultural Experiment  Station,  issued  Bulletin  No.  140,  entitled  "Lands 
of  the  Colorado  Delta  in  the  Salton  Basin."  This  bulletin  gave  essen- 
tially the  same  results  of  soil  analyses,  but  was  much  more  careful 
in  its  comments,  and  on  pages  50  and  51  gave  crop  reports  from  actual 
settlers  which  were  excellent.  It  also  stated,  after  giving  a  list  of  native 
plants  from  the  Salton  Basin,  on  page  44,  as  follows : 

"The  list  of  plants  here  given  is  notable  for  the  absence  of  most 
of  the  species  considered  elsewhere  as  prominent  alkali  indicators. 
We  miss  at  once  the  salt — or  alkali — grass  (Distichlis) ;  the  'Grease- 
wood'  of  Xevada  (Sarcohatvs)  and  that  of  the  San  Joaquin  Valley 
{Allenrolfea) ;  the  samphire  (Saliscornea) ;  and  the  tussock-grass 
(Sporoholus  arioids)  *  *  *.  But  as  a.  whole  the  collection  made 
does  not  speak  of  'irreclaimable'  alkali  land  so  far  as  we  know  their 
habits.  *  *  *  Taken  as  a  whole,  the  native  vegetation  does  not  alto- 
gether confirm  the  unfavorable  impression  derived  from  the  leaching  of 
the  soil  sami)les." 

In  addition  to  the^e  soil  reports,  in  January,  1902,  several  inter- 
views, written  up  in  a  sensational  manner,  ai)i)eared  in  the  daily  papers 
in  California,  practically  condemning  the  Valley  and  virtually  warn- 
ing investors  and  settlers  from  the  field.  These  were  the  most  disastrous 
of  all  in  their  effect  on  the  enterprise. 

Experience  has  proved  that  these  reports  were  fundamentally  wrong 
in  their  conclusions,  as  less  than  one-half  of  1%  of  the  lands  brought 
under  cultivation-  has  failed  to  produce  most  satisfactory,  indeed, 
phenomenal  crops.  Nevertheless,  the  Government's  publications  were 
such  that  the  author's  statement:  "It  seems  certain  that,  had  the 
territory  not  been  already  settled  in  verv  large  measure  when  these 
reports  were  sent  out.  Imperial  Valley  would  yet  be  unreclaimed" 
(page  1412*),  is  undoubtedly  absolutely  true. 

The  author  is  in  error  on  page  1406*  in  referring  to  the  elevation 
of  the  bottom  of  the  Chaffey  head-gate.  This  structure  was  started 
in  March,  1901,  and  work  was  rushed  as  rapidly  as  possible.  When 
completed,  its  floor  was  3  ft.  below  the  river  bottom,  and,  to  make  the 
gate  more  secure,  three  2  by  12-in.  sand-boards  were  put  on  the  toe  of 
the  A-frame,  to  be  removed  when  the  sand  and  silt  became  settled 

*  Proceedings^  Am.  Soc.  C.  E.,  for  November,  1912. 
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Mr.  around  the  structure;  there  was  no  necessity  for  removing  them  while 
^'  Mr.  Chaffey  was  directing  affairs,  and,  later  everybody  apparently 
forgot  about  them  and  they  were  never  taken  out,  the  idea  thus  obtain- 
ing that  the  floor  of  the  gate  was  at  the  top  of  the  sand-boards  when 
in  reality  it  was  much  lower,  and  as  low  as  it  was  possible  to  place  it 
that  season.  Working  at  high  pressure  against  a  rapidly  rising  river, 
the  head-gate  was  finished,  and  Mr.  Chaffey  himself  turned  the  water 
through   it  on   May   14th,   1901. 

Before  leaving  this  subject,  and  in  view  of  the  controversy  that  has 
raged  regarding  the  necessity  of  the  fatal  cut  in  Mexico  (made  more 
than  2  years  after  Mr.  Chaffey  had  severed  his  connection  with  the 
Company),  it  is  interesting  to  note,  from  Government  records,  that  the 
old  Imperial  Canal,  from  the  old  intake,  carried  throughout  the  Sum- 
mer of  1904  and  until  October,  1904,  when  the  Mexican  Intake  was  cut, 
more  water  than  ever  before,  and  quite  enough  to  supply  the  users  in 
Imperial  Valley.* 

The  author's  statement  (p.  1396f)  that  the  initial  price  charged 
for  water  stock  was  $5.75  is  misleading.  Those  who  purchased  during 
the  construction  period  were  given  bonds  of  the  California  Develop- 
ment Company  equal  in  amounts  to  their  initial  payments,  bearing 
5%  interest  and  acceptable  at  their  face  value  for  the  last  installments 
on  their  notes.  Hence,  those  paying  $3.00  cash  on  their  water  stock 
purchases  got  water  rights  at  $5.75  per  acre.  Only  $80  000,  par 
value,  of  the  bonds  were  thus  given  out  to  water  stock  purchasers  on 
total  sales  of  50  000  shares  in  Imperial  Water  Companies  Nos.  1  and 
4,  the  settlers  coming  in  having  so  little  cash  and  speculators  so  little 
faith  that  they  could  not  or  would  not  take  full  advantage  of  the 
opportunity  offered. 

The  author  is  again  in  error  as  to  the  reasons  for  the  termination 
of  the  five-year  construction  contract  between  Mr.  Chaffey  and  the 
California  Development  Company.  It  was  not  because  the  former  was 
frightened  out  by  the  soil  reports,  but  because  it  was  found  that  the 
power  of  attorney  to  vote,  for  five  years,  stock,  which,  with  his  own, 
constituted  a  majority  and  control,  was  found  ineffective  on  account 
of  the  certificates  not  having  been  actually  turned  over.  Success  had 
been  achieved  and  these  shares  of  stock  began  coming  in  for  transfer. 
It  became  a  matter  of  buy  or  sell,  and  the  original  promoter's  idea 
of  value  was  deemed  to  be  too  inflated,  so  Mr.  Chaffey  made  the  best 
terms  possible  for  his  holdings  and  withdrew  in  February',  1902. 

The  author's  outline  of  the  Delta  Investment  Company  and  its 
activities  is  also  misleading,  and  in  some  respects  entirely  erroneous. 

*  See  "  Progress  Report  of  Stream  Measurements  for  the  Calendar  Year  1904,"  by  the 
late  W.  B.  Clapp,  M.  Am.  Soc.  C.  E.,  "Water  Supply  and  Irrigation  Paper  No.  134,  p.  27,  and 
compare  with  measurements  in  previous  years. 

+  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1912. 
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The  facts  are  tliat  in  the  fall  of  I'JOl  it  became  apparent  that  the  sales  ^  Mr. 
of  water  stock  would  not  produce  sufficient  money  for  the  work  that 
must  be  done,  and  Mr.  Heber  organized  the  Delta  Investment  Com- 
pany in  the  hope  that  by  jriving  it  a  favorable  contract  to  purchase 
the  bonds  and  mortgage  notes  of  the  California  Development  Company, 
outside  capital  could  be  attracted  to  the  new  company.  The  Delta 
Investment  Company  was  launched  with  the  consent  and  approval 
of  those  owning  or  representing  all  the  stock  of  the  California  Develop- 
ment Company.  By  the  terms  of  this  contract,  the  Delta  Investment 
Company  agreed  to  purchase  bonds  and  notes  from  the  California 
Development  Company  to  the  amount  of  $21  000  in  cash  per  month 
for  twelve  months,  thus  guaranteeing  the  California  Development  Com- 
pany $252  000  in  cash,  the  amount  estimated  as  absolutely  necessary 
to  spend  during  the  coming  year  in  a  permanent  intake  head-gate, 
canals,  and  other  necessary  works.  In  consideration  of  this  guaranty 
the  Delta  Investment  Company  had  the  right  for  12  months  to  pur- 
chase any  or  all  of  the  bonds  and  mortgage  notes  of  the  California 
Development  Company  at  50%  of  their  face  value. 

As  the  whole  enterprise  was  still  considered  by  outsiders  as  an 
experiment,  and  the  banks  of  Los  Angeles  refused  to  concede  any 
value  whatever  to  the  Company's  "securities"  for  loaning  purposes,  or 
to  purchase  them  outright  at  any  figure  at  all,  and  the  soil  experts  had 
commenced  giving  out  their  unfavorable  opinions,  the  only  reasona- 
ble criticism  of  this  contract  is  that  it  was  unfair  to  the  Delta  Invest- 
ment Company  and,  consequently,  unfair  to  those  stockholders  of  the 
California  Development  Company  who  were  large  stockholders  in  the 
Delta  Investment  Company,  in  that  it  indirectly  threw  on  them  the 
burden  of  financing  the  California  Development  Company  without 
adequate    remuneration. 

That  the  privilege  of  buying  the  bonds  and  mortgages  at  50  cents 
on  the  dollar  did  not  prove  especially  attractive  is  best  shown  by  the 
fact  that  only  a  small  fraction  of  the  holdings  of  the  California  De- 
velopment Company  changed  hands  under  it  during  the  4  months  it 
was  in  operation.  Mr.  Cory,  therefore,  is  correct  in  stating  (p.  1402*)  : 
"It  must  be  admitted  that  the  Delta  Investment  Company  took  over 
such  securities  at  a  larger  price  than  could  have  been  obtained  from  any 
other  source,"  but  quite  incorrect  in  stating  either  that  there  were 
many  or  '"large"  or  "apparently  dishonest"  transactions  between  the 
two  corporations,  or  in  giving  the  impression  that  it  was  a  hardship 
on  the  California  Development  Company  to  part  with  $2  in  its  so- 
called  "securities"  for  $1  in  hard  cash.  As  a  matter  of  fact,  the 
California  Development  Company  could  well  have  afforded  to  be  much 
more  liberal,  and  the  writer  knows  that  if  any  one  had  come  into  the 

''Proceedings,  Am.  Soc.  C.  E..  for  Kovember,  1912. 
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Mr.  office  at  that  time  with  $252  000  in  gold  coin  and  offered  it  in  exchange 
for  $1000  000,  face  value,  of  the  so-called  "securities,"  there  would 
not  have  been  a  voice  raised  against  taking  the  money,  it  was  so 
urgently   needed. 

Finally,  the  author  is  entirely  mistaken  in  saying  that  March  1st 
of  that  year  found  the  California  Development  Company  "with  all  its 
bonds  gone,  its  collateral  notes  and  mortgages  largely  depleted,  no 
money  in  the  treasury,  and  deeply  in  debt."  The  facts  are  that  it 
had  ^7  000  of  its  bonds  on  hand,  $525  000  of  mortgage  notes,  $235  000 
of  accounts  receivable,  besides  lands,  canals,  machinery,  equipment,  etc., 
and  unsold  water  stock  estimated  (at  the  selling  price  at  that  time) 
to  be  worth  $2  235  000,  and  its  liabilities,  including  $453  000  of  bonds 
and  deferred  payments  to  Hanlon  and  Andrade,  were  less  than  $500  000 ; 
in  truth,  from  a  few  months  after  Mr.  Chaffey  started  work,  the 
California  Development  Company  never  was  without  an  ample  sup- 
ply of  mortgage  notes  and  bonds  in  the  treasurj%  but  outsiders  had 
not  sufficient  faith  in  them  to  buy  them  for  cash. 

In  view  of  what  was  accomplished  in  the  22  months  ending  Febru- 
ary, 1902,  and  the  fact  that  some  of  the  best  men  in  Los  Angeles 
would  have  joined  him  and  furnished  large  amounts  of  capital,  pro- 
vided he  had  secured  full  control,  it  is  doubtless  safe  to  say  that  ha.d 
he  taken  control,  instead  of  retiring  from  the  company,  there  never 
would  have  been  any  runaway  Colorado  River  and  the  development  of 
the  Valley  would  have  been  even  much  more  rapid  than  it  has  been. 

Mr.  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.   (by  letter). — The  problems  of 

GrruDs  y.  ^-^^  Lower  Colorado  River  have  a  wonderful  charm.  They  are  pre- 
sented by  Mr.  Cory  in  a  most  comprehensive  and  attractive  way,  and 
he  has  done  the  Profession  valuable  service  in  putting  on  record  and 
making  available  for  convenient  reference  the  results  of  an  experience 
on  river  work  which  is  miique  in  character  and  magnitude. 

So  long  as  there  was  a  fighting  chance,  in  1906  and  1907,  the  engi- 
neers under  Mr.  Cory's  guidance  and  upon  the  wise  determination 
of  Mr.  Harriman  were  to  keep  up  the  fight.  How  the  fight  was  won 
has  been  well  told  by  Mr.  Cory.  The  writer  takes  pleasure  in  again 
expressing  his  admiration  of  the  able  way  in  which  the  work  was 
handled. 

At  the  outset,  every  one,  so  far  as  the  writer  knows,  believed  that 
the  work  of  making  a  closure  in  the  fall  of  1906  would  be  greatly 
facilitated  by  the  use  of  brush  mattresses  on  which  to  dump  the  rock. 
What  the  work  done  on  the  Colorado  in  1906  and  1907  has  clearly 
demonstrated  is  that,  with  adequate  transportation  facilities,  a  brush 
mattress  on  which  to  drop  the  rock  is  not  essential.  It  is  only  neces- 
sary to  place  the  rock  more  rapidly  than  the  water  can  undermine  and 
bur;V  it. 
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Without  the  spur  track  from  the  Southern  Pacific  main  line  down  Mr. 
to  the  Ivower  Mexican  Heading,  the  first  attempt  to  close  the  break  ^^^^  ^' 
would  have  been  a  failure,  and  yet  the  writer  recollects  distinctly  that 
plans  were  under  discussion  for  the  beginning  of  this  work,  under 
which  reliance  was  to  be  placed  on  water  transportation.  The  out- 
come has  demonstrated  clearly  that,  when  such  work  is  to  be  done, 
every  possible  contingency  should  be  foreseen  so  that  every  emergency 
can  be  m:et  properly.  It  was  a  wise  precaution,  too,  to  keep  an  eqiiip- 
ment  and  a  force  on  hand  and  available  for  repairs  during  the  high 
water  of  1907,  even  though,  as  it  turned  out,  they  were  not  needed. 

At  that  time  the  levees  were  new,  and  the  river  brought  down  an 
unprecedented  volume  of  water — a  maximum  of  about  100  000  sec-ft.* 
Naturally,  it  would  be  expected,  therefore,  that  the  levees  had  at  once 
been  subjected  to  a  severe  test.  This  might  have  been  the  case  if  the 
conditions  on  the  lower  river  had  remained  as  in  years  past;  but  they 
had  been  imdergoing  a  rapid  change,  with  the  result  that  the  new 
levee  was  only  wet  here  and  there,  and  there  was  no  opportunity  to 
observe  what  might  have  happened  if  the  water  had  been  3  or  4  ft.  up 
on  the  levee. 

The  writer  made  a  special  study  of  the  problem  of  the  Lower  Colo- 
rado River  for  the  Secretary  of  the  Interior  in  the  early  summer  of 
1907,  and  his  observations  at  that  time  and  in  the  tA'o  preceding  years 
as  Consulting  Engineer  in  the  U.  S.  Reclamation  Service,  together 
with  many  years  of  familiarity  with  certain  features  of  the  river,  axe 
the  basis  of  the  comments  which  are  now  prompted  by  Mr.  Cory's  paper. 

As  early  as  1883,  or  thereabouts,  Gen.  G.  W.  Shanklin,  at  one  time 
State  Surveyor  General  of  California,  and  Mr.  Duncan  Beaumont 
called  the  writer's  attention  to  the  Xew  River  country,  as  a  part  of 
the  Imperial  Valley  was  then  called,  and  the  desirability  of  making  an 
instrumental  survey  to  see  what  could  be  done  toward  accomplishing 
the  irrigation  of  that  valley  was  discussed.  It  was  known  at  that  time 
that  the  only  practicable  route  for  a  canal  would  be  across  Mexican 
territory.  The  situation  appeared  to  be  too  complicated,  and  nothing 
was  done;  but  the  writer,  from  that  day  to  this,  has  never  lost  interest 
in  the  problem. 

In  1896  the  writer  explored  a  portion  of  the  Colorado  River  below 
the  Grand  Canyon  and  confirmed  the  selection  of  a  dam  site  at  the 
lower  end  of  Iceberg  Canyon,  as  the  best  available,  in  a  long  stretch 
of  river,  for  a  low  dam  to  be  used  in  creating  a  fall  for  power.  He 
reported  at  that  time  that  it  would  be  feasible  to  construct  a  dam 
of  loose  rock  on  a  sand  foundation  by  blanketing  the  bed  of  the  river 
for  a  considerable  distance  up  and  down  stream  with  broken  rock, 
using  large  blocks  for  the  down-stream  portions  of  the  work,  allowing 

*  Erroneously  estimated  at  11.5  (XX)  sec-ft.  by  the  U.  S.  Geological  Survey  in  Water 
Supply  Paper  No.  249. 
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Mr.  the  water  to  bury  these  as  deep  as  it  would,  and  using  finer  material 
Grunsky.  -^  ^j^^  up-stream  face,  which  would  ultimately  be  made  impervious 
or  nearly  so  by  the  river  silt.  The  plan  of  that  day  involved  the  com- 
plete turning  of  the  Colorado  over  a  low  spur  of  the  mountains.  Mr. 
Cory's  experience  at  the  Lower  Mexican  Heading  confirms  the  feasi- 
bility of  carrying  out  work  of  this  character. 

Several  years  later  the  writer  was  stationed  for  three  riionths  on 
the  Colorado  a  few  miles  above  the  mouth  of  the  Virgin  River,  and  had 
additional  opportunity  for  observation.  At  that  time  boilers  were 
to  be  set  for  mining  operations,  and  brick  was  wanted.  I^o  clay  de- 
posit could  be  found.  The  most  promising  mud-bar  in  the  river  was 
sampled.  The  mud  could  be  balled  up  and  would  crack  somewhat  in 
drying.  It  was  submitted  to  a  chemist  at  San  Francisco  and  reported 
to  be  composed  almost  entirely  of  very  fine  silicious  sand  entirely 
unfit  for  brick-making. 

Above  the  Virgin  River  the  water  of  the  Colorado,  at  low  and  high 
stages,  carried  a  large  quantity  of  this  silt  in  suspension.  This  would 
settle  quickly  when  the  water  was  dipped  from  the  river  in  a  glass, 
and  within  a  few  seconds  the  water  was  clear  enough  to  drink.  There 
was  certainly  comparatively  little  clay  in  the  silt  carried  by  the  river 
water  at  this  point.  This  observation  leads  the  writer  to  assume  that 
the  main  Colorado  must  be  the  principal  source  of  the  fine,  light  sedi- 
ment, other  than  clay,  which  the  river  carries  to  the  delta,  and  ac- 
counts, too,  for  the  preponderance  of  material  of  this  character  in  the 
river  delta;  it  also  makes  it  appear  probable  that  the  clays,  bedded  as 
the  author  describes,  probably  have  originated  in  other  parts  of  the 
river's  water-shed. 

During  the  low  stage  of  the  river,  above  the  Virgin,  the  writer 
had  occasion  to  erect  a  mast  or  pole  on  a  gravel  bar  for  the  support 
of  a  cable.  The  gravel  was  unusually  firm.  It  consisted  of  all  sizes 
from  cobble-stones  down  to  sand,  and  in  its  dry  condition  appeared 
to  be  almost  cemented.  The  mast  was  erected  and  large  boulders  were 
piled  around  it.  When  the  river  rose  the  gravel  around  the  mast 
became  wet,  softened,  lost  its  cohesion,  and  acted  very  much  like  a 
quicksand ;  the  mast  required  additional  support  or  it  would  have  fallen. 

A  heavy  crankshaft  lying  above  the  water  on  another  portion  of 
the  gravel  bar  commenced  to  sink  into  the  gravel  when  this  was  wet 
by  the  rising  water,  and  was  with  difficulty  supported  until  it  could 
be  transferred  to  safer  ground. 

These  facts  are  alluded  to  as  a  warning  against  placing  too  much 
reliance  on  gravel  for  the  facing  of  bank  or  levee  slopes.  The  gravel, 
in  the  case  of  the  Colorado  River  levee,  serves  a  most  excellent  pur- 
pose, and  its  use  is  not  criticized,  but  gravel  has  no  particular  virtue 
as  a  material  for  resisting  the  attack  of  a  current,  and  will  have  but 
little   resisting  power   when   used   in   spur   dikes.      It   is   an   excellent 
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material,   however,  as  in  the  case  of  the  levees  on  the  Mexican  side   ,  Mr 
of  the  Colorado,  for  blanketing  the  levee,  serving  as  a  protection  for 
the  earth  slope  against  wind  erosion,  and  checking  to  a  large  extent 
the  activities  of  burrowing  animals. 

The  Colorado  below  Yuma,  as  explained  by  Mr.  Cory  and  as  noted 
by  the  writer  in  a  paper  presented  to  this  Society  in  1907,  is  flowing 
down  the  slope  of  a  delta  cone.  While  undisturbed  by  human  agency 
its  floods  anniially  watered  broad  areas,  and  the  rank  vegetation  which 
sprang  up  on  these  areas  was  an  effective  barrier  opposed  by  Nature 
to  the  concentration  of  the  river's  flow  along  new  channels,  even 
thoiigh  some  of  the  water  going  over-bank  should  long  ago,  if  topog- 
raphy alone  is  considered,  have  cut  out  a  new  course  for  the  river. 
The  river  has  been  compelled  by  these  restraining  forces  to  hold  for 
more  than  500  years  to  the  course  as  geographers  first  knew  it  from 
Yuma  to  the  Gulf.*  However,  though  the  river,  unaided,  could  not 
break  away  from  this  general  alignment,  it  swung  back  and  forth, 
within  restricted  limits,  on  an  ever-changing  serpentine  course.  The 
river  along  the  thread  of  the  stream  has  a  fall  of  about  1  ft.  per  mile, 
and  the  average  fall  along  the  air  line  from  Pilot  Knob  to  the  Gulf 
is  about  li  ft.  per  mile. 

When  attempts  are  made  to  confine  a  river  of  this  character  be- 
tween levees  there  is  trouble.  Under  the  attack  of  the  river,  the  banks 
will  continue  to  break  away,  first  at  one  point  and  then  at  another,  and 
no  amount  of  care  in  the  location  and  construction  of  levees  can  in- 
sure them  against  destruction  from  this  cause.  To  check  the  caving 
bank  is  difficult  and  expensive,  even  when  adequate  facilities  are  at 
command,  as  has  been  well  set  forth  by  Mr.  Sellew.  In  ordinary  cases, 
it  is  out  of  the  question  to  eliminate  entirely  this  source  of  danger 
to  levees  located  comparatively  near  the  river  bank. 

It  is  natural,  then,  that  the  levees  in  the  case  of  such  a  river  should 
be  set  far  back  from  the  banks.  In  this  location  on  the  Colorado  the 
levee  cuts  off  the  river  bends  and,  therefore,  follows  a  line  of  greater 
slope  than  the  river.  This  is  actually  the  case  below  Yuma,  except 
for  the  first  long  stretch  below  Pilot  Knob,  where  the  river  is  straight 
for  some  8  miles  and  the  levees  on  each  side  are  parallel  with  the  stream 
and  comparatively  near  the  banks.  Below  this  straight  reach,  the 
river  channel,  down  to  the  Arizona  boundary,  is  about  30  or  40%  longer 
than  the  levees  on  their  present  location  (Plate  L).f 

If  the  river  rises  above  banks  and  water  stands  against  these  levees, 
some  barrier  must  be  interposed  to  its  flow  if  erosion  at  the  base  of 
the  levee  is  to  be  prevented. 

Even  when  constructed  as  was  the  original  levee  at  the  Lower  Mexi- 
can  Heading,   with   borrow-pits   on   the  land   side,   the  work   of  levee 

*  Transactions.  Am.  Soc.  C.  E.,  Vol.  LIX,  p.  6. 
t  Proceedings.  Am.  Soc.  C.  E..  March,  1913. 
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^  Mr.  building  gives  more  or  less  open  space  for  the  water  on  the  river  side 
along  the  levee,  and  there  will  be  concentration  of  flow  there  which 
will  rapidly  cut  channels  in  the  light  silt  soil  of  the  delta.  The  spur 
dikes,  as  built  by  Mr.  Cory,  offer  some  obstruction  to  this  flow,  and 
are  of  value  under  certain  conditions;  they  have  been  of  use  during 
such  moderate  bank  submersions  as  have  occurred  since  the  levee  was 
built,  but  under  a  real  test,  with  water  4  or  5  ft.  on  the  bank,  they 
would  serve  to  concentrate  fall  and  would  start  local  cutting  which 
might  prove  quite  as  dangerous  as  the  general  erosion  due  to  uniform 
flow  along  the  levee.  It  may  be  stated  in  a  general  way  that  the 
eflicieney  of  such  spurs  for  the  same  aggregate  quantity  of  material 
in  them  will  ordinarily  increase  as  distance  between  them  is  decreased. 

While  Consulting  Engineer  in  the  U.  S.  Reclamation  Service  and 
adviser  to  the  Secretary  of  the  Interior,  the  writer  reached  the  eon- 
elusion  that  it  would  be  hopeless  to  endeavor  to  carry  out  the  proposed 
scheme  of  building  levees  along  the  Gila  River  just  above  Yuma. 
Levees  along  the  banks  of  the  Gila  cannot  be  maintained  short  of  an 
expenditure  for  bank  revetment  which  the  value  of  all  the  land  to  be 
there  protected  would  not  justify.  The  situation  is  somewhat  more 
favorable  on  the  Colorado,  which,  owing  to  a  lighter  gradient,  is  less 
erratic  than  the  Gila,  but  there,  also,  the  fact  should  be  recognized  that 
it  presents  no  ordinary  problem. 

The  land  to  be  protected  on  the  Lower  Colorado  is  of  such  extent 
and  of  such  fertility  and  potential  value  that  there  should  be  no 
hesitancy  in  taking  every  step  that  may  be  necessary  to  bring  the 
Colorado  luider  permanent  control. 

The  Secretary  of  the  Interior  was  advised  by  the  writer  in  1907 
that  the  Colorado  should  be  given  permanent  banks  from  Pilot  Knob 
about  as  far  down  as  the  Arizona  boundary.  He  was  advised  that 
this  work  might  cost  from  $60  000  to  $150  000  per  mile  of  bank,  involv- 
ing, as  it  would,  permanent  loose  rock  revetment  of  banks ;  and  that  the 
United  States  should  be  prepared  for  an  expenditure  of  from  $4  000  000 
to  $5  000  000,  of  which  a  portion  should  be  contributed  by  Mexico  be- 
caase  the  benefits  of  the  work  would  accrue  to  Mexico  as  well  as  to 
the  United  States.  He  was  also  advised  that  there  should  be  created 
at  once  an  International  Engineering  Commission,  with  full  power 
to  undertake  the  work  of  giving  the  river  a  permanent  direct  channel, 
as  indicated,  and  to  give  consideration  to  all  other  problems  arising 
on  this  stream.  At  the  same  time,  the  irrigation  problems  were  re- 
viewed, and  the  jieed  of  an  early  action  for  the  protection  of  the  Im- 
perial Valley  was  pointed  out. 

At  that  time  the  Imperial  Valley  had  to  depend  on  a  foreign  corpo- 
ration. La  Sociedad  de  Yriigacion  y  Terrenos  de  la  Baja  California, 
for  protection  against  overflow  and  against  complete  and  perma- 
nent submersion  of  the  valley  by  the  Colorado.     It  had  to  depend  on 
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this    company,    and    it    is    still    dependent    thereon,    for    its    irrifjration      Mr 

Cinunskv 

water,  which,  after  heing  diverted  from  the  river  in  the  United  States, 
is  turned  over  to  the  Mexican  Company  by  whicli  it  is  re-delivered 
into  California.  Such  an  arrangement  needs  the  sanction  and  pro- 
tection of  higher  authority.  The  arrangement  cannot  be  regarded  as 
entirely  satisfactory  until,  under  some  treaty  or  other  convention  with 
Mexico,  the  right  of  a  diversion  of  Colorado  River  water  through 
Mexico  is  permanently  assured  to  the  people  of  the  United  States,  and 
the  two  countries  acting  in  harmony  adopt  adequate  measures  for 
keeping  the  Colorado  out  of  Salton  liasin. 

Circumstances  have  favored  the  maintenance  of  the  work  done 
on  both  sides  of  the  Colorado  prior  to  1907  below  Pilot  Knob.  In 
that  year  the  river  carried  more  than  the  ordinary  quantity  of  water; 
but  the  delta  had  been  dry  for  two  seasons,  the  river  banks  were  free 
of  grass  and  weeds,  which  had  been  largely  burned  off,  and  the  over- 
bank  flow,  therefore,  was  far  in  excess  of  what  would  have  occurred 
if  the  river  had  not  been  out  of  its  natural  course  from  1905  to  1907, 
and  if  well-watered  banks  had  been  covered  with  dense  vegetation. 
Due  to  its  bare  banks  and  to  the  consequent  large  over-bank  flow  at 
low  elevation,  the  river  did  not  rise  as  high  and  there  was  not  as 
much  water  against  the  levees  as  there  might  otherwise  have  been. 
Then,  too,  in  the  spring  of  1907,  the  cutting  off  of  Nigger  Bend  and 
the  shortening  of  the  channel  at  that  point  by  2  or  3  miles  had  some 
effect  in  lowering  the  high  water  as  far  up  stream  as  Yuma,  and  then — 
in  1909 — came  the  relief  at  the  Abejas.  It  may  be  assumed,  therefore, 
that  the  behavior  of  the  levees  on  both  sides  of  the  river,  in  1907  and 
in  the  following  seasons,  is  not  a  conclusive  test  of  similar  structures. 

The  writer  inspected  the  levees  on  both  sid&s  of  the  river  at  high 
water  in  1907.  On  the  west  side  the  levee  below  the  dams  at  the  Lower 
Mexican  Heading  had  not  been  wet.  At  and  near  these  two  dams,  com- 
pleted a  few  months  before  by  Mr.  Cory,  where  the  borrow-pits  were 
on  the  land  side,  there  was  some  seepage  under  the  levees.  Miniature, 
pin-head,  under-water  volcanoes  made  this  apparent  to  the  eye.  The 
water  in  the  borrow-pits  was  but  little  lower  than  in  the  river,  conse- 
quently this  seepage  was  caused  b.y  a  pressure  head  of  only  a  few  feet. 
No  doubt,  it  would  have  increased  somewhat  with  a  rise  in  the  river. 
It  was  the  result  of  the  slow  movement  of  the  soil-water  inland  from 
the  river. 

On  the  Arizona  side  the  borrow-i)its  were  carrying  a  small  quantity 
of  water;  they  were  not  bajik  full.  The  abattis  work  across  the  borrow- 
pits  appeared  to  be  catching  considerable  trash,  and  each  barrier  of 
this  kind  checked  in  some  measure  the  velocity  of  flow  for  a  short 
distance  up  stream,  but  gave  the  impression  that  under  ordinarj'  con- 
ditions of  bank  submersion  such  structures  would  have  been  quickly 
cut  out  by  the  water  pas.sing  around  their  ends.     The  writer  was  not 
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Mr.  impressed  with  their  efficiency,  although  they  undoubtedly  did  some 
'  good  under  the  conditions  which  prevailed  in  1907. 

In  1910  the  writer  again  had  an  opportunity  to  inspect  the  levee 
on  the  west  side  of  the  Colorado,  and  noted  that  where  the  checker- 
board arrangement  of  borrow-pits  had  been  adopted  the  spill  from 
one  into  the  next,  even  with  very  slight  river  bank  submersion,  had 
caused  some  channel  cutting,  making  clearly  apparent  an  inherent 
weakness  of  this  arrangement. 

After  a  number  of  favorable  seasons  these  outside  borrow-pits  will 
to  a  large  extent  be  refilled  with  sediment  from  the  river.  If  located 
close  to  the  bank  and  on  no  greater  slope  than  the  river,  the  refilling 
of  such  pits  along  such  a  river  as  the  Colorado  may  occur  quite  rapidly. 
Until  thus  refilled  and  overgrown  with  vegetation,  they  are,  to  almost 
the  same  extent  as  a  continuous  borrow-pit,  a  menace  to  the  integrity 
of  the  levee  whenever  the  latter  follows  an  alignment  along  which 
there  is  an  excessive  fall,  as  is  the  case  on  the  Colorado  with  the 
Paredones  levee  and  with  those  above  and  below  the  Abejas. 

In  reporting  to  the  Secretary  of  the  Interior  on  the  matter  of 
river  treatment,  the  desirability  of  using  hydraulic  dredges  in  the 
construction  of  the  levees  was  referred  to  by  the  writer,  and  he  still 
believes  that,  wherever  the  location  will  permit,  the  bulk  of  the  levee 
work  on  the  Colorado  should  be  done  by  this  method.  The  first  work 
would  then  be  the  excavation  of  an  ample  trench,  the  material  from 
which  would  form  the  river  side  restraining  embankment  for  the 
hydraulic  fill.  The  hydraulic  fill  wovild  then  be  deposited  in  the  rear 
of  this,  refilling  the  trench  and  bringing  up  to  the  desired  height  an 
embankment  so  wide  of  base  that  underflow  through  cracked  soil  and 
through  burrows  would  be  made  impossible. 

The  writer  is  of  the  opinion  that  the  control  of  the  Colorado  be- 
tween permanently  fixed  banks  should  not  be  projected  beyond  some 
agreed  point  near  the  Arizona  boundary  line.  If  the  river  is  kept 
on  a  proper  alignment  down  to  that  point,  it  can  wander  about  over 
a  large  lower  portion  of  the  delta  without  menace  to  the  Imperial  Val- 
ley. It  will  then,  as  it  does  to-day,  send  its  waters,  at  least  in  large 
part,  into  the  Volcano  Lake  region,  and  will  warp  up  first  one  and 
then  another  section  of  its  lower  delta  region.  In  the  far  future,  then, 
the  time  may  come  when  complete  control  to  the  Gulf  can  be  economi- 
cally justified. 

If  controlled  mainly  by  giving  the  river  a  direct  alignment  between 
permanent,  well-protected  banks,  supplemented  with  levees,  as  far 
down  stream  as  here  indicated,  the  protection  of  the  Imperial  Valley 
and  the  whole  Alamo  and  New  River  country  will  be  complete,  if  the 
cross-levee  to  the  northward  of  Volcano  Lake  from  the  base  of  the 
Cocopah  Mountains  to  the  Colorado  at  the  Lower  Mexican  Heading 
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and  lip  the  river  to  Pilot  Knob  be  brought  up  to  proper  height  and      Mr. 
be  protet'tod  adequately,  particularly  against  wave  action.  'runs  y. 

The  writer  desires  to  note  that  the  various  estimates  of  flow  of  the 
Colorado,  even  those  based  on  gaugings,  are  to  be  accepted  with  cau- 
tion. Some  additional  information  relating  to  methods  of  gauging 
should  be  given  before  these  estimates  are  accepted  as  conclusive.  This 
applies  particularly  to  the  measurements  made  at  the  river's  high  stages. 
It  is  understood  that  some  special  precautions  are  now  being  taken 
to  insure  accuracy  of  soundings  and  the  correct  placing  of  the  cur- 
rent meter  at  the  intended  depth;  but  in  1907  the  writer  knows  that 
this  was  not  done,  and  that  the  maxima  then  recorded  are  too  great 
by  from  15  to  20  per  cent. 

The  two-point  method  of  gauging  was  at  that  time  used.  The 
gauging  was  made  from  a  car  supported  by  a  cable.  In  mid-stream 
the  car  was  from  5  to  8  ft.  above  the  water  surface.  A  sounding  was 
made  immediately  before  the  velocity  was  measured.  The  heavy  sound- 
ing lead  was  lowered  from  the  car  to  the  water  surface  and  a  reading 
of  the  paid-out  line  was  taken.  Then  it  was  lowered  to  the  bottom 
of  the  river  and  another  reading  was  taken,  the  difference  between 
the  two  being  recorded  as  the  depth.  No  allowance  was  made  for 
the  line  swinging  out  of  the  vertical,  due  to  the  force  of  the  current, 
which  was  about  7  ft.  per  sec.  in  mid-stream.  By  observation  from 
shore  on  June  24th,  1907,  the  correction  to  be  applied  to  the  recorded 
mid-stream  depth  of  -15  ft.  was  found  to  be  about  6  ft.  The  recorded 
depth  determined  the  required  immersion  of  the  current  meter.  When 
the  meter  was  supposed  to  be  at  one-fifth  depth,  or  9  ft.  below  the 
surface,  it  was  in  reality  barely  below  the  surface;  and  when  it  was 
supposed  to  be  at  four-fifths  depth,  it  was  but  little  deeper.  The  only 
value  of  the  velocity  measurements  as  made  lies  in  the  fact  that  they 
can  be  used  to  determine  surface  velocity.  They  were  recorded,  how- 
ever, as  applying  to  the  two-fifths  and  four-fifths  points,  with  a  result- 
ing over-estimate  of  mean  velocity.  In  this  particular  case  the  recorded 
discharge  should  be  reduced  15%  to  give  approximately  the  flow  of 
the  river  on  that  day. 

The  errors  of  observation  as  above  noted  were,  of  course,  called  to 
the  attention  of  the  Reclamation  Service  and  tlic  United  States  Geo- 
logical Survey,  but  no  correction  has  been  applied,  and  the  writer  does 
not  know  how  long  such  methods  of  gauging  were  maintained  at  that 
station. 

In  Water  Supply  Paper  No.  249  of  the  U.  S.  Geological  Survey, 
page  45,  the  discharge  is  noted  for  June  24th,  1907,  at  112  000  sec-ft. 
Of  this  quantity  11  000  sec-ft.  were  flowing  in  the  north  channel  of 
the  river  and  101  000  sec-ft.  were  recorded  for  the  main  stream.  Ac- 
cording to  a  proper  interpretation  of  the  measurements  on  that  day, 
the  main  stream  carried  only  86  000  sec-ft.,   and  probably  somewhat 
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Mr.  less.  The  aggregate  discharge  for  that  day  should  have  been  noted 
Grunsky.  ^^  ^^  ^^^  sec-ft.,  instead  of  112  000  sec-ft.  The  error  in  the  main 
stream  gauging  was  about  17%,  or  the  recorded  main  stream  flow 
should  be  reduced  15  per  cent.  The  same  con-ection  should  undoubt- 
edly apply  to  the  entire  period  in  1907  during  which  the  river  was  at 
or  near  its  highest  stage.  The  writer  has  no  information  as  to  whether 
the  same  method  of  gauging  was  still  in  use  in  1909.  If  it  was,  there 
can  be  no  doubt  that  in  that  year,  also,  there  must  have  been  a  con- 
siderable over-estimate  of  discharge. 

Mr.  Cory  is  right  in  his  conclusion  that  the  construction  of  reser- 
voirs within  the  water-shed  of  the  Colorado  will  have  some  beneficial 
effect  in  equalizing  the  stream  flow  and  in  reducing  the  maximum 
discharge.  It  is  immaterial  whether  or  not  the  storage  possibilities 
have  been  over-estimated.  This  can  only  affect  the  extent  of  the 
reservoir  influence;  and  yet,  whatever  this  may  be,  it  will  not  change 
the  river  problem,  except  as  to  its  magnitude.  The  river  will  still 
have  its  varying  volume  of  flow.  Its  channel  will  adjust  itself  to  the 
new  conditions.  The  same  lack  of  channel  capacity  will  be  felt  at 
high  stages  on  the  lower  river  as  is  felt  to-day,  and  the  same  problem 
of  keeping  the  delta  channels  of  the  river  on  the  Gulf  slope  will  con- 
front the  river  engineers  of  tlie  future  as  confronts  those  of  to-day, 
except  only  that  there  will  be  somewhat  less  water  and  correspondingly 
less  silt  to  be  reckoned  with. 

Perhaps  a  word  should  be  said  about  the  Laguna  Weir.  The 
change  in  the  original  design  from  a  jiaving  with  large  blocks  of  rock 
to  a  paving  with  concrete  was  due  to  the  fact  tliat  the  granite  which 
had  to  be  removed  at  each  end  for  the  sluice-ways  was  not  of  a  char- 
acter which  could  be  used  for  this  paving  work.  It  was  anticipated 
by  the  engineers  who  designed  and  approved  the  structure  that  the 
granite  at  the  "Lagunas"  which  appeared  to  be  disintegrated  and  rotten 
at  the  exposed  surface  would  be  of  good  quality  when  cut  into;  but, 
as  the  work  progressed,  it  was  found  that  the  hills  afforded  vei-y  little 
sound  rock  within  the  limits  of  the  prescribed  excavation,  and  that 
at  the  best  quarry  sites  near  the  weir  only  a  small  proyiortion  of  the 
rock  was  suitable  for  paving.  This  situation  was  carefully  considered 
before  a  modification  of  plans  was  recommended  by  the  Board  of 
Consulting  Engineers  which  had  this  matter  under  consideration  in 
1906. 

The  writer,  though  not  desiring  to  criticize  unfavorably  the  work.* 
which  have  been  carried  out  at  Laguna  for  the  diversion  of  water 
into  two  canals,  one  on  each  side  of  the  river,  has  never  been  in  full 
accord  with  the  general  arrangement  of  the  structures  at  that  point. 
The  plans  for  these  structures  were  approved  before. he  had  anything 
to  do  with  the  Reclamation  Service,  and  no  one  is  more  pleased  to 
learn  that  they   axe  rendering  satisfactory   service.      Nevertheless,   he 
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would  call  attention  to  the  fact  that  the  decrease  of  depth  of  overflow      Mr. 
over  !*ucli  a  structure,  resulting  from  its  great  crest  length,  4  700  ft.. 
i^  not  necessarily  of  sufficient  importance  to  outweigh  the  disadvantages 
that  will  result  from  the  use  of  a  dam  with  so  long  an  overfall  crest. 
The  storage  of  silt  in  the  reservoir  space  above  the  dam,  in  the  case 
of  such   a   river   as   the   Colorado,   is   of   no   importance.      This   space, 
except  for  a  channel  of  ordinary  width  leading  to  the  sluice-gates,  is 
soon    filled   with    silt   and   overgrowTi    witli    willows    and    cotton  woods. 
There  is  a  strong  tendency  for  drift  to  lodge,  and,  within  a  few  years, 
there  may  be  sxich  obstruction  to  a  concentrated  flow  in  lines  parallel 
to  the  original  course  of  the  river  that  it  may  be  difficult  to  keep  the 
waterways  open  to  the  two  ends  of  the  weir  without  permitting  one 
or  the  other  to  parallel  and  endanger  the  structure.     The  conditions 
at  the  weir,  in  a  few  years,  may  be  such  that  water  will  go  over  it 
at   uneven   depth,   and,   in   that   event,   the  great  length  will  fail   to 
accomplish    fully    the    desired    purpose.      At    any    rate,    there    will    be 
trouble  from   time  to  time  in  keeping  the  water  on   a  proper  course 
to   the  two  ends  of  the  dam.     The  removal  of  silt  which  the  sluice- 
gates will  permit  is  dependent  on  the  depth  of  the  sluice-ways  below 
the  sills  of  the  canals.    The  silt  which  the  river  will  deposit  in  the  large 
channel  leading  to  a  sluice-way,  while  the  water  is  forced  to  rise  to 
the  crest  of  the  dam,  can  of  course  be  sluiced  out  from  time  to  time 
by  opening  the  gates,  but  this  will  be  restricted  to  the  deposit  in   a 
ciiannel.    It  is  not  the  accumulation  in  a  reservoir,  and  this  fact  should 
not  be  lost  sight  of  in  planning  such  structures.     Even  this,  however, 
may  be  worth  while.     The  writer  believes  that  the  river  should  have 
lieon  forced  into  a  definite  position  above  the  weir  by  making  a  section 
thereof,  probably  800  ft.,  a  few  feet  lower  than  the  rest  of  the  structure 
and  then   arranging  flanking  walls  to  be  overtopped   at  highest  stages 
of  the  river  and  to  serve  as  training  walls  of  the  large-capacitj'  channels 
leading  to  the  sluice-gates,  which  would,  as  at  present,  serve  to  keep 
the  channel  open  to  the  head-gates.     One  great  advantage  of  such  an 
urrangcment  would  be  the  concentration  and  depth  of  flow  necessary 
to  carry  drift  of  w'hatever  size  over  the  dam. 

Clarence  K.  Clarke,  Esq.*  (by  letter). — Although  this  paper  and  Mr. 
Mr.  Sellew's  discussion  of  some  phases  of  the  subject  seem  to  have  *'  '"' 
covered  the  ground  quite  thoroughly,  it  appears  to  the  writer  that 
room  remains  for  a  few  statements  of  fact  concerning  the  "rough  and 
ready  methods'"  of  dealing  with  the  river  which  Mr.  Sellew  does  not 
accept  as  a  solution  of  the  engineering  problems  pertaining  to  the 
subject. 

Being  one  of  the  men   refeired  to  by   Air.   Sellew  as  "red-blooded 
fighter.s,   who   did   not   know   when   they   were   whipped,   but     *     *     * 
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Mr.     fought  on  to  victory  unmindful  of  its  cost,"  the  writer  desires  to  cor- 
Clarke  •  • 

■  rect  an  erroneous   impression.     The  crevasse   in   the  river  bank   and 

levee  in  1907  was  closed  by  railroad  men,  who  used  methods  with  which 

they  were   familiar;   they   tried   no   experiments   and   devised   no   new 

engineering    practice.      They    knew    they    were    not    whipped    at    any 

stage  of  the  game,  and  they  kept  at  the  job  because  they  had  done 

the  same  thing  on-  a  smaller  scale  many  times  and  were  confident  of 

ultimate  success. 

The  use  of  the  water  of  the  Colorado  for  the  irrigation  of  land 
creates  the  problem  of  control.  There  is  no  other  reason  for  sub- 
jecting that  river  to  control.  The  problem,  so-called,  as  the  writer  sees 
it,  presents  three  phases :  1,  direction  of  the  flow  of  the  river  and 
control  of  its  meanders,  involving  bank  protection ;  2,  exclusion  of 
overflow  water,  by  levees,  from  land  susceptible  of  reclamation  and 
irrigation;  3,  safe  and  certain  diversion  of  water  from  the  river  into 
irrigation  canals. 

The  Lower  Colorado  has  no  fixed  channel,  because  of  the  character 
of  the  soil,  which  is  a  deposit  of  silt,  readily  eroded.  The  current 
swings  back  and  forth,  cutting  the  banks  and  changing  the  meander 
line,  and  an  apparently  insignificant  obstruction  sometimes  cavises 
shifting  of  the  channel  for  miles.  A  sudden  shift  of  the  channel  from 
one  bank  to  the  other  may  leave  a  canal  intake  dry  and  put  an 
irrigation  system  out  of  business.  It  may  cut  across  a  tongue  of  land, 
changing  a  wide  bend  into  a  tangent  and  forming  a  new  bend  lower 
down.  Therefore,  one  factor  of  the  problem  is  the  maintenance  of  a 
defined  course  of  the  river  between  permanent  banks.  That  may  be 
accomplished  by  adequate  protection  of  the  banks  and  control  of  the 
meanders.  It  is  advisable  and  feasible  to  straighten  the  course  of  the 
river  at  some  points,  and  by  increasing  its  velocity,  to  check  its  ten- 
dency to  swing  from  side  to  side.  The  shortening  of  the  river,  re- 
sulting from  the  elimination  of  many  horse-shoe  bends,  would  increase 
the  scouring  action  of  floods  and  their  silt-carrying  capacity,  and 
greater  volumes  of  sand  and  silt  would  be  transported  to  the  lower 
delta  and  deposited  there,  building  up  large  areas  of  land  and  ac- 
celerating the  work  that  the  river  has  been  doing  for  ages.  By  the 
control  of  the  lower  river,  the  floods  could  be  diverted  into  the  baain 
of  the  Laguna  Salada,  and  that  shallow  basin  could  be  converted  by 
silt  deposit  into  an  arable  and  fertile  valley.  In  time,  of  course,  the 
deposition  of  silt  would  work  back,  and  the  normal  grade  of  the 
river  would  be  re-established,  necessitating  the  adaptation  of  levees 
to  the  new  condition. 

It  is  the  writer's  purpose  to  point  out  that  this  is  not  a  problem 
calling  for  the  invention  of  new  methods  of  river  control. 

Banh  Revetment. — Effective  bank  protection  can  be  provided  most 
readily  and  economically  by  laying  a  railroad  track  on  the  top  of  a 
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lever;  and,  a«5  other  writers  have  sugtiested,  it  may  be  applied  in  sec-  Mr. 
tions  as  needed.  That  tracks  on  the  levees  alonp  the  Lower  Colorado 
are  indispensable  to  their  maintenance  and  the  defence  of  the  banks 
ap:ninst  undercnttinp:  attacks  by  the  river,  has  been  the  writer's  fixed 
conviction  since  his  first  experience  with  the  river,  and  he  notes  with 
p:ratification  that  Mr.  Sellew  has  revised  his  former  opinion  on  the 
siibject  and  concluded  that  the  railroad  track  facilitates  the  work  of 
levee  protection  to  a  degree  that  more  than  offsets  the  cheapness  of  the 
methods  heretofore  used  by  the  Reclamation  Service  on  the  Colorado. 

Havinj?  the  "firing-  line"  established  by  the  track  on  the  levee,  it 
is  important  to  provide  an  abundant  supply  of  "ammunition"  and 
means  of  rushing  it  to  "the  front."  Quarries  and  gravel  pits  are 
opened,  and  are  equipped  with  derricks  to  handle  large  rock,  and  steam 
shovels  to  handle  small  rock  and  gravel.  "^Tien  the  river  begins  bank 
cutting  and  threatents  to  undercut  the  levee,  train  loads  of  gravel  and 
rock  are  taken  to  the  point  of  attack  and  dumped  at  the  toe  of  the 
levee.  Gravel  is  dumped  first  in  order  that  it  may  underlie  the  heavy 
rock  and  prevent  the  sluicing  out  of  silt  and  sand  where  the  rock  lies 
on  the  bottom.  When  the  bank  caves,  the  rock  on  the  berm  falls  into 
the  trench  dredged  for  it  by  the  river,  and  if  the  scouring  continues 
and  the  trench  is  deepened,  more  rock  is  dumped  to  reinforce  the 
revetment  and  raise  it  to  the  crest  of  the  levee.  Small  rock  and  steam- 
shovel  material  serve  to  fill  and  face  the  revetment.  When  such 
revetment  has  dropped  to  the  river's  lower  scour  plane  and  has  been 
completed  by  proper  reinforcement,  the  work  of  bank  protection  at 
that  point  is  done  permanently,  and  the  levee  thenceforth  is  safe 
from   undercutting. 

An  illustration  of  this  method  of  bank  revetment  was  the  saving 
of  a  section  of  the  C.  D.  Co.  levee,  as  a  part  of  the  work  of  closing 
the  break  with  what  Mr.  Cory  calls  the  Clarke  Dam,  in  January.  1907. 
The  river  swung  in  against  the  levet^  north  of  the  break  and  threatened 
to  destroy  1  400  ft.  of  the  embankment  and  widen  the  crevasse  from 
2  600  to  4  000  ft.  The  width  of  the  berm  between  the  toe  of  the  levee 
and  the  bank  varied  from  30  to  50  ft.  for  the  greater  part  of  the  1  400 
ft.,  but  near  the  north  end  of  the  section  the  current  had  washed  away 
most  of  the  berm,  and  in  the  bight  the  water  was  close  to  the  toe  of 
the  levee.  To  divert  the  current  from  this  bight,  a  jetty  90  ft.  long 
was  built  out  from  the  upper  side.  The  jetty  consisted  of  two  rows  of 
piling,  5  ft.  between  rows  and  8  ft.  between  piles  in  the  row,  the  piles 
being  "staggered"  or  alternated.  The  piles  were  40  ft.  long,  and  were 
driven  in  26  ft.  of  water.  Before  the  completion  of  the  jetty,  the 
discharge  of  the  river  was  increased  to  40  000  sec-ft.  by  a  freshet  in  the 
Gila.  Gila  freshets  carry  groat  volumes  of  heavy  silt'  in  suspension, 
and  this  material  drops  readily  when  the  velocity  of  the  current  is 
checked.     It  was  not  necessary  to   oppose  any  other  barrier  or  baffle 


1422 


DISCUSSION  ON  IRRIGATION  AND  RIVER  CONTROL  [Papers. 


Mr. 

Clarke. 


than  the  piles  to  this  heavily  laden  flood,  and  no  brush  was  placed 
in  the  jetty.  Eight  days  after  the  completion  of  the  jetty,  the  river 
discharge  fell  to  15  000  sec-ft.,  and  a  bar  was  exposed  on  each  side 
of  the  jetty  and  extending  13^  ft.  beyond  its  outer  end,  where  the  water 
had  been  26  ft.  deep.  The  rapid  formation  of  the  bar  was  due  to  the 
Gila  silt.  To  accomplish  similar  results  with  Colorado  River  water 
alone,  more  obstruction,  in  the  form  of  fascines  or  wire  entanglements, 
would  be  required,  and  the  process  of  bar  formation  would  be  slower. 

Base  of  Rail 


Water  Surface 


River  Bed 
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PLAN  SHOWING  METHOD  OF  DEFENDING  LEVEE  AGAINST  ATTACK  BY  RIVER 
DURING  CLOSURE  OF  COLORADO  RIVER  CREVASSE  BY  S.P.R.R.  ENGINEERS  IN   1907 

Fig.  42. 

When  the  jetty  was  built,  the  levee  embankment  was  widened 
toward  the  river  with  gravel  and  rock,  the  track  was  moved  to  the 
extended  fill,  and  large  quantities  of  gravel  and  rock  were  unloaded, 
covering  the  bemi  to  a  width  of  from  8  to  10  ft.  from  the  toe  of  the 
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levee.     As  the  river  cut  away  the  l>ank  and  deposited  the  gravel  and     Mr. 

.  Clarke 

rock   at  the  bottom,  where  the  material  was   needed,   more   rock   was 

unloaded.     The  depth  of  water  at  the  bank,  when  the  cutting  began, 

was  from   20  to   25  ft.     This  depth   increased  to  42   ft.   as  the  river 

dredged  a  trench,  and  at  that  depth  the  scouring  action  cea.sed.     When 

the  revetment  was  completed  and  the  1  400-ft.  section  of  levee  had  been 

protected,  the  height  from   river  bottom  to  base  of  rail  on  the  levee 

was  51  ft. 


PLAN  OF   PILE  JETTY 
Pig.  43. 
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SECTION  OF  SAND-BAR  FORMED  BY   PILE  JETTY  FROM 
CO. LEVEE  ON  THE  COLORADO   RIVER,   1907 

Fig.  44. 

Gravel  is  a  factor  of  vital  importance  in  this  method  of  placing 
rock  on  a  sand  or  silt  bottom,  a  detail  which  appears  to  have  escaped 
the  notice  of  some  of  the  "innocent  bystanders,"  who  watched  the 
closure  of  the  crevasse  and  predicted  utter  failure  of  the  work.  The 
plan  of  providing  revetment  material  at  a  threatened  point  and  leaving 
to  the  river  the  work  of  dredging  a  trench  and  placing  the  rock,  has 
been  approved  recently  in  a  practical  way  by  so  eminent  a  river  engi- 
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Mr.  neer  as  Mr.  Sellew,  who  used  the  method  last  year  in  defending  one 
■  of  his  levees  from  attack.  As  he  does  not  refer  to  the  use  of  gravel 
as  a  bed  for  rock  revetment,  presumably  that  essential  detail  of  the 
method  was  omitted. 

This  method  of  bank  protection,  however,  is  no  innovation,  and, 
in.  his  application  to  the  closure  of  the  Colorado  crevasse  of  practice 
that  is  old  to  "firing-line"  railroad  engineers  in  the  West,  the  writer 
cannot  lay  claim  to  originality.  He  used  the  same  method  on  the 
San  Pedro  River,  between  Benson  and  Fairbank,  in  Arizona,  many 
years  ago.  In  1891,  the  roadbed  of  the  Northern  Pacific  along  tlie 
Puyallup  River,  in  Washington,  was  protected  in  identically  the  same 
way  within  less  than  4  miles  of  the  Tacoma  depot,  where  doubtless 
many  "innocent  bystanders"  observed  the  work. 

Control  of  the  River. — The  general  application  of  this  system  of 
revetment  to  the  banks  of  the  Lower  Colorado,  in  the  writer's  opinion, 
would  solve,  simply  and  at  comparatively  low  cost,  the  problem  of  keep- 
ing the  river  within  defined  bounds  and  protecting  levees  against 
undercutting  between  flood  seasons.  Combined  with  the  straightening 
and  shortening  of  the  river's  course  and  control  of  the  meanders,  this 
revetment  of  banks  would  increase  the  efficiency  of  the  channel.  Trees 
and  other  obstructive  growth  on  the  bars  and  flats  would  be  removed 
by  the  river  itself,  and  its  carrying  capacity  would  be  sufficient 
eventually  to  take  care  of  floods. 

Experience  has  demonstrated  that  the  revetment  here  described, 
consisting  of  gravel  and  rock,  and  placed  from  the  lowest  scour  plane 
to  the  crest  of  the  levee,  constitiites  a  permanent  barrier  and  solves 
the  problem  of  control  of  the  Colorado. 

The  resulting  rock-reveted  permanent  barrier  would  be  similar  in 
all  essential  features  to  that  contemplated  in  the  suggested  plan  of 
river  control  attributed  to  Gen.  Marshall,  which  involves  the  excava- 
tion of  a  trench  to  the  ascertained  scour  line  by  the  use  of  dredges  or 
power  shovels. 

A  serious  objection  to  the  suggested  plan  referred  to  is  that  it  would 
be  applied  without  reference  to  immediate  need  for  defense,  and  would 
entail  large  expenditure  for  dredging  and  revetment  where  protection 
might  not  be  required  for  many  years.  The  cost  of  excavating  trenches 
to  the  scour  line,  along  both  banks  of  the  Lower  Colorado,  with 
dredges,  would  be  enormous,  and  it  has  been  demonstrated  that  such 
expenditure  is  quite  unnecessary.  The  river  can  be  depended  on  to 
do  all  the  dredging  and  to  place  the  gravel  and  rock  at  the  bottom  of 
the  trench. 

Only  the  National  Government  could  or  should  undertake  the  task 
of  controlling  the  Colorado,  as  it  has  prosecuted  the  work  of  protect- 
ing lands  along  the  Mississippi  against  inundation.  The  first  step 
in  the  project  obviously  would  be  to  construct  levees  along  both  banks 
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and  lay  tracks  thereon.  During  the  progress  of  this  work,  gravel  and  Mr. 
rock  quarries  should  be  opened  and  equipped  with  the  requisite  load- 
ing appliances,  and  cars  should  be  provided  to  carry  the  material  to 
the  front.  In  case  of  attack  on  the  levcos  by  the  river,  material  would 
be  sent  to  the  threatened  points,  and  the  work  of  permanent  revet- 
ment would  be  done  at  those  points.  After  the  completion  of  the  levees, 
the  means  and  material  for  revetment  would  be  kept  in  readiness; 
during  each  flood  season  the  river  would  be  observed  vigilantly;  and 
every  attack  on  the  levees  would  be  met  promptly. 

Tliis  metliod  would  distribute  the  work  over  many  years.  Con- 
ceivably, 50  years  or  more  might  pass  before  the  banks  would  be  reveted 
throughout  the  course  of  the  lower  river,  but  during  that  time  the 
stream  would  be  virtually  under  control.  The  cost  also  would  be  dis- 
tributed, and  no  very  great  expenditure  probably  would  be  called  for 
in  any  one  season.  The  ultimate  result  would  be  absolute  control  of 
the  river  between  permanent  barriers  defining  its  coiirse. 

Conirnl  of  Meanders. — Emergency  methods  of  control  of  meanders 
and  of  the  direction  of  the  channel,  used  on  the  Colorado,  are  simple 
and  comparatively  inexpensive,  and  may  be  applied  by  settlers  to  the 
temporary  protection  of  their  riparian  lands.  The  writer  had  occasion 
to  resort  to  these  mctliods  in  January,  1913,  for  preservation  of  the 
flow  of  water  through  the  intake  of  the  Palo  Verde  Valley  irrigation 
system. 

The  Palo  Vei-de  intake  is  cut  through  a  rock  projection  into  the 
lower  part  of  a  wide  bend  in  the  river.  The  river  developed  a  tendency 
to  cut  across  the  bend  by  the  chord  of  the  meander  arc,  and,  if  un- 
checked, the  channel  would  shift  toward  the  Arizona  shore,  and  leave 
a  wide  bar  in  front  of  the  intake.  This  tendency  was  shown  in  the 
cutting  away  of  the  nose  of  a  bar  that  extended  from  the  Arizona  or 
eastern  shore  to  about  the  middle  of  the  bend,  and  it  was  necessary 
that  the  bar  should  be  maintained.  This  was  accomplished  by  driving 
posts  and  placing  fascines  and  sand  bags  on  the  point  of  the  bar. 
A  fascine  jetty  was  built  out  from  the  Arizona  bank,  1^  miles  above 
the  bar,  and  pointing  down  stream  at  an  angle  which  would  direct 
the  current  into  the  bend  above  the  intake.  The  cost  of  this  work  was 
small,  and  the  effect  was  all  that  was  required.  The  channel  was  kept 
in  the  bend  close  to  shore,  and  the  supply  of  water  through  the  intake 
was  assured  for  the  season. 

By  similar  means,  when  the  river  begins  cutting  the  bank  and 
threatening  destruction  to  lands  or  levees,  a  bank-caving  current  may 
be  converted  readily  into  a  silt-depositing  eddy.  Fascine  jetties — rows 
of  driven  posts  with  bundles  of  brush  placed  between  them  and 
anchored  with  sand  bags — may  be  built  quickly  by  the  farmers,  and 
danger  may  be  averted  if  detected  early  and  if  the  remedy  be  applied 
at  the  first  indication  of  trouble.     Such  temporary  defences  are  avail- 
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Mr.  able  in  advance  of  the  permanent  system  of  protection,  consisting  of 
'  levees,  railroad  tracks,  and  rock  revetment,  and  may  be  built  by 
intelligent  farmers  without  the  aid  of  engineers. 

Levee  Construction. — The  writer  did  not  participate  in  the  ex- 
haustive discussion  of  the  relative  merits  of  river-side  and  land-side 
borrow-pits  in  levee  construction  on  the  Colorado,  which  followed  the 
failure  of  Col.  Ockerson's  levees  and  was  carried  on  recently  by  many 
engineers  in  the  technical  press.  The  subject  having  been  reopened 
by  Mr.  Cory  and  Mr.  Sellew,  however,  it  seems  pertinent  to  call  at- 
tention to  a  few  facts  which  liave  been  overlooked  or  ignored  by  both. 

Mr.  Cory  explains  clearly  and  correctly  the  failure  of  the  levee 
below  the  Hind  Dam  in  December,  1906,  which  was  due  solely  to  the 
absence  of  a  muck-ditch  under  the  levee.  He  gives  reasons  for  the 
omission  of  the  muck-ditch,  chief  of  which  was  the  supposed  necessity 
for  confining  expenditure,  as  closely  as  possible,  to  the  repair  of  the 
break.  Mr.  Cory  says  the  desirability  of  muck-ditching  was  fully 
realized,  and  it  was  a  part  of  the  original  design,  but  because  levees 
had  been  built  without  muck-ditches  on  the  Colorado,  and  some  one 
advanced  the  theory  that  a  cracked  adobe  foundation  would  be  made 
tight  by  pressure  when  wet,  the  vital  necessity  of  muck-ditching  was 
not  recognized,  and  the  builders  of  the  levee  decided  to  "take  a 
chance."  The  theory  of  the  closing  of  adobe  cracks  proved  unsound. 
Water  followed  the  cracks  under  the  levee  and  caused  the  break. 

Mr.  Sellew  admits  that  water  did  go  under  the  levee  because  of  the 
absence  of  a  muck-ditch,  but  he  contends  that  "the  damage  caused 
by  a  head  of  15  in.  against  the  levee  was  due  primarily  to  the  presence 
of  land-side  borrow-pits." 

The  borrow-pits,  3  ft.  deep,  were  separated  from  the  levee  by  a 
berm  40  ft.  wide,  and  it  is  manifestly  absurd  to  assert  that  there 
could  be  any  relation  between  the  pits  and  a  15-in.  head  against  the 
levee.  The  pressure  angle  of  the  greatest  head  against  any  levee  on 
the  river  would  not  reach  the  pit.  According  to  Mr.  Sellew's  theory, 
an  inside  borrow-pit  i  mile  back  of  the  levee  would  increase  the  static 
head  and  cause  failure  of  the  work.  Mr.  Cory  left  an  opening  for 
attack  when  he  said  the  inci-eased  total  head  was  "the  only  pertinent 
objection  to  land-side  borrow-pits."  Experience  lias  demonstrated, 
however,  that  the  objection  is  impertinent,  irrelevant,  and  immaterial. 
No  land-side  borrow-pit  levee,  properly  muck-ditched,  on  the  Colorado, 
has  been  broken  or  even  damaged  by  the  river,  but  every  river-side 
borro.w-pit  levee  has  been  breached  or  destroyed,  and  every  flood  season 
since  levees  were  first  built  on  the  river  has  seen  a  strenuous  fight  to 
maintain  them.  The  river-side  borrow-pits  are  invitations  to  the  river 
to  side-wipe  the  levees  with  currents  of  eroding  velocity,  and  a  levee 
not  blanketed  heavily  with  gravel,  or  rip-rapped  with  rock  or  mat- 
tresses, melts  away  like  a  bank  of  salt.     Every  levee  breach  has  been 
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caused  bv  current  erosion,  not  bv  static  bead  or  pressTire.    No  levee  has     Mr. 
lu'on  piisbed  over  by  the  river. 

"Last  Word"  on  Borrow-Pits. — Quoting  from  Mr.  Sellew's  dis- 
cussion, page  548* : 

"Regarding  the  advantages  and  disadvantages  of  land-side  and 
river-side  borrow-pits,  the  writer  has  fully  expressed  himself,  so  that  it 
is  not  necessary  to  comment  further.  Particularly  is  this  so  when  the 
;iutlu)r  [Mr.  Cory]  sta.tes  that  he  'realized  that  this  [land-side  borrow- 
pits]  was  not  in  accordance  with  the  usual  practice.'  " 

The  implication  that  Mr.  Cory  confessed  judgment  against  the 
land-side  borrow-pit  and  yielded  every  point  to  Mr.  Sellew  in  the 
argument,  seems  to  the  writer  no  more  than  a  verbal  quibble.  A  prac- 
tice may  be  "usual"  and  still  not  the  best  possible  under  all  conditions. 

Doubtless  there  is  satisfaction  in  the  belief  that  one  has  routed 
all  opponents  in  argument  and  said  the  last  word  on  a  debated  s\ib- 
ject.  but  it  does  not  appear  to  the  writer  that  any  one  of  the  eminent 
engineers  engaged  in  the  borrow-pit  discussion  has  warrant  for  "laying 
that  flattering  unction  to  his  soul." 

It  might  be  inferred  from  Mr.  Cory's  statement,  that  the  land-side 
borrow-pit  method  of  constructing  the  C.  D.  Co.  levees  in  1906-07  was 
"decided  on  after  careful  consideration  of  the  advantages  and  dis- 
advantages," that  there  was  doubt  on  the  subject  in  the  minds  of  the 
men  on  the  job.  The  matter  may  have  been — in  fact  was — debated 
persistently  by  the  "innocent  bystanders,"  but  there  never  was  any 
question  of  methods  in  the  minds  of  the  railroad  "firing-line"  en- 
gineers having  direct  charge  of  construction.  It  is  and  has  been  for 
years,  not  only  the  usual  practice,  but  the  invariable  rule  of  railroad 
engineers  in  the  West,  that  nothing  between  an  embankment  and  a 
river  shall  be  disturbed.  The  protection  afforded  by  earth  in  place 
and  by  trees  and  brush  must  be  maintained  intact.  That  was  why  the 
land-side  borrow-pit  system  of  construction  was  adopted  as  a  matter 
of  course.  It  was  followed  until  the  bystanders,  tired  perhaps  of 
being  innocent,  got  themselves  appointed  as  a  "consulting  board"  and 
after  two  attempts  succeeded  in  getting  an  imperative  order  from 
financial  headquarters  to  the  engineers  on  the  job  to  conform  to  the 
usual  practice  of  the  levee  builders  on  the  Yuma  Project.  Tlad  they 
succeeded  earlier,  the  levee  could  not  have  been  built  at  all  during  the 
flood  period.  From  the  moment  the  water  came  over  the  river 
bank,  work  of  any  sort  on  the  river  side  of  the  levees  was  impossible. 
Experience  in  railroad  construction  and  maintenance  in  regions 
subject  to  floods,  in  the  building  of  dams  and  levees  in  the  Delta  of 
the  Colorado  and  in  the  Palo  Verde  Valley,  and  in  the  control  and 
maintenance  of  irrigation  canals  of  large  capacity,  has  left  the  writer 
in  no  doubt  concerning  the  essential  principles  of  levee  construction 
on  the  Lower  Colorado  River. 

*  Proceedings,  Am.   Soc.   C.  E.,  March,   1913. 
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Mr.  The   first  requisite  pertaining  to   the   location   of   a   levee   in   this 

region  is  a  careful  underground  survey  to  determine  the  sort  of 
material  to  be  encountered  in  excavation  for  muck-ditches.  Large 
deposits  of  unfit  material,  such  as  adobe,  heavily  alkaline  soil,  and  cer- 
tain kinds  of  sand,  must  be  avoided  by  detours.  Seepage  is  the  only 
factor  detrimental  to  the  land-side  borrow-pit  plan,  and  that  is  to 
be  eliminated  by  the  muck-ditch.  The  theoretical  additional  head 
against  the  levee,  due  to  a  borrow-pit  40  ft.  in  the  rear  of  the  levee, 
is  a  negligible  factor.  Under  conditions  actually  encountered  on  the 
Colorado,  there  is  not  any  additional  head,  either  in  fact  or  in  theory. 
That  objection  to  the  land-side  borrow-pit  is  not  even  theoretically 
plausible. 

Essential  Features. — The  essential  features  of  efficient  levee  con- 
struction on  the  Lower  Colorado  are:  location  avoiding  bad  ground 
and  careful  muck-ditching  to  exclude  seepage;  land-side  borrow-pits, 
leaving  all  natural  protection  on  the  river  side  undisturbed;  gravel 
blanket  to  resist  erosion  and  to  minimize  attacks  by  burrowing  ani- 
mals; railroad  tracks  on  top  of  the  levee  to  facilitate  maintenance 
and  to  make  possible  the  protection  of  banks  and  levees  by  permanent 
rock  revetment. 

Mr.  Sellew  is  unquestionably  right  in  his  conclusions: 

"That  in  their  present  state,  the  levees  are  at  the  mercy  of  the 
meanders  of  the  stream,  except  throughout  those  portions  where  a 
railroad  occupies  the  levee  top";  and,  "That  bank  revetment,  perma- 
nent in  character  and  reasonable  in  cost,  when  compared  with  other 
methods,  can  be  readily  and  quickly  accomplished  with  rock  placed 
from  railroad  trains  operated  on  the  levee  tops  and  connecting  with 
existing  quarries  which  are  within  a  reasonable  distance." 

The  first  conclusion  is  sustained  by  the  history  of  all  the  Colorado 
levees,  and  the  correctness  of  the  second  was  demonstrated  clearly  in 
1907  by  the  holding  of  the  1  400-ft.  section  of  levee  against  the  attack 
by  a  flood  of  40  000  sec-ft.  at  the  time  of  the  last  closure.  The  per- 
manency of  rock  revetment  thus  constructed,  however,  depends  on  the 
placing  of  gravel  as  a  bed  for  the  rock.  That  is  a  vital  detail  of  the 
method. 

In  rip-rapping  levees  and  reveting  the  banks  at  the  toes,  in  the 
opinion  of  the  writer,  grading  to  uniform  slope  is  not  only  unnecessary, 
but  inadvisable.  It  is  better  to  place  the  gravel  and  rock  on  the  natu- 
ral ground.  Setting  rip-rap  by  hand  on  the  face  of  a  levee  makes  a 
neat  looking  job,  but  it  is  needlessly  expensive,  and  the  protection  is 
less  effective  than  that  secured  by  the  gravel  and  rock  method. 

Before  leaving,  finally,  the  subject  of  closure  of  the  crevasses  and 
the  preservation  of  Imperial  Valley  in  1906-07,  the  writer  desires  to 
put  on  record  the  fact  that  the  accomplishment  of  the  work  was  due 
primarily   and  exclusively   to  the  independent  judgment   and  courage 
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of  ^Ir.  Harriman.  who  persisted  in  his  belief  that  the  breaks  could  be     Mr. 

Clarke 
closed,  and  his  determination  to  close  them  in  the  face  of  opposition, 

and  regardless  of  the  positive  assertions  of  a  host  of  eminent  engineers 
tliat  closure  Wiis  a  physical  impossibility. 

Submerged  Weir. — Mr.  Cory  has  described  briefly  the  submerged 
rock  weir  placed  across  the  river  at  the  intake  of  the  Imperial  Valley 
Canal  in  the  summer  of  1910,  and  has  mentioned  its  unexpected  sta- 
bility and  durability.  ^Ir.  Sellew  does  not  discuss  the  weir  or  its 
elfects  directly,  possibly  because  he  did  not  view  its  construction  with 
favor,  but  his  comment  on  Mr.  Cory's  statement  concerning  the  perma- 
nency and  efficacy  of  rock  fill  in  the  crevasses  has  bearing  on  the  sub- 
ject.    Of  the  rock  fill  Mr.  Sellew  says: 

"How  it  would  act  as  an  overflow  weir,  carrying  150  000  sec-ft., 
even  if  covered  with  concrete,  is  problematical.  In  addition  to  a  con- 
crete top,  crest  and  foot-walls  appear  to  be  necessary  to  prevent  the 
top  from  being  undermined,  and.  if  these  are  provided,  the  resulting 
structure  will  not  differ  materially  from  Laguna  Dam  either  in  design 
or  cost." 

This  is  a  case  in  which  accomplished  facts  fail  to  justify  specula- 
tive theory,  and  it  appears  to  be  in  order  for  the  writer,  as  the  builder 
of  the  weir,  to  state  the  facts  and  show  the  actual  efi'ects  of  the 
installation. 

Construction  of  the  weir  was  necessary  because  of  the  recession  of 
the  bed  of  the  river,  following  the  diversion  of  all  its  flow  into  the 
Abejas  channel,  and  because  of  the  lack  of  a  powerful  dredge  to  keep 
the  floor  of  the  1  900-ft.  intake  from  the  river  to  Hanlon  gate  as  low  as 
the  sill  of  the  gate.  The  discharge  of  the  river  was  diminishing,  and 
danger  of  complete  diversion  of  the  channel  from  the  intake  was  immi- 
nent. The  placing  of  a  weir  to  check  recession  and  direct  the  current 
was  tlie  only  practicable  rapid  method  of  retiirning  the  water  to  the 
canal  and  saving  a  $6  000  000  crop  in  Imperial  Valley. 

A  trestle,  960  ft.  long,  composed  of  four-pile  bents,  15  ft.  between 
centers,  was  built  across  the  river,  below  the  intake,  to  the  Arizona 
shore,  at  an  angle  of  approximately  70°,  the  Arizona  end  being  the 
farther  up  stream.  Caps,  stringers,  ties,  and  rails  were  placed  on  the 
structure,  and  steam-shovel  rock  from  the  adjoining  quarry  was  dumped 
from  the  trestle  and  spread  to  a  width  of  50  ft.  N'o  brush  at  aU  was 
used,  and  no  derrick  rock  was  dumped.  As  the  weir  was  designed  to 
be  temporary,  no  gravel  was  placed  either  before  or  with  the  rock. 
The  discharge  of  the  river  during  the  progress  of  the  work  was  about 
9  000  sec-ft. 

The  weir  was  constructed  in  21  days,  at  a  cost  of  $22  500,  of  which 
amount  $4  000  was  recovered  in  salvage  of  rails,  ties,  stringers,  and 
caps.  Thfe  quantity  of  rock  used  was  12  800  cu.  yd.,  of  which  9  600 
cu.  yd.  were  placed  in  the  weir,  the  rest  being  used  to  revet  the  banks 
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Mr.     and  raise  a  spur  track  above  the  high-water  marlv  of  1909.     The  angle 
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of  the  weir  to  the  current  served  to  point  the  channel  to  the  California 
shore,  and  also  served  other  purposes  familiar  to  "firing-line"  railroad 
engineers. 

The  weir  arrested  the  recession  of  the  river  bed,  turned  the  water 
into  the  intake,  averted  a  water  shortage  in  the  Imperial  irrigation 
system,  and  saved  to  the  farmers  of  Imperial  Valley  crops  worth 
$6  000  000  or  $7  000  000.  Also,  the  successful  construction  and  opera- 
tion of  the  weir  demonstrated  that  the  farms  of  Yuma  .Valley,  dried 
out  and  virtually  abandoned  for  5  or  6  years,  could  have  been  watered 
at  small  expense,  and  could  have  produced  and  marketed  crops  to  the 
value  of  $1 000  000  a  year  while  awaiting  the  completion  of  those 
great  engineering  monuments,  the  Laguna  Dam  and  the  Colorado 
River  Siphon.  It  is  evident  that  the  lands  of  Yuma,  Cibola,  and 
Parker  Valleys  can  be  provided  with  water  by  the  construction  of 
weirs,  and  brought  under  cultivation  at  nominal  expense. 

Although  the  piling  of  the  trestle  was  cut  off  above  the  rock  fill 
and  removed  in  the  spring  of  1911,  the  rock  weir  remained  in  place. 
How  such  a  fill  would  stand  an  ovei-pour  of  150  000  sec-ft.,  even  with- 
out a  concrete  top,  is  not  problematical  in  any  sense.  The  weir  at  the 
intake  has  endured  two  freshets,  one  of  150  000  sec-ft.  and  the  largest 
on  record,  and  it  still  remains.  It  has  neither  crest,  core,  nor  foot- 
wall  of  concrete,  and  it  is  not  covered  with  concrete,  but  its  top  has 
not  been  undermined.  It  differs  radically  and  widely  from  Laguna 
Dam  in  design  and  cost,  but  its  fxmction  is  the  same.  A  permanent 
rock-fill  weir,  built  with  gravel,  large  rock,  and  steam-shovel  rock,  and 
having  a  cross-section  width  of  200  ft.  on  the  bottom,  certainly  would 
stand  any  overpour  that  the  Colorado  could  muster,  and  its  cost  would 
be  comparatively  small. 

Useless  Dredging. — Although  the  work  of  a  dredge  in  the  intake 
above  the  concrete  gate  was  of  material  aid  in  getting  an  adequate 
supply  of  water  to  the  canal,  the  writer  cannot  concur  in  the  opinion 
that  the  operation  of  the  dredge  Imperial  below  the  gate  was  of  the 
slightest  efiicacy  or  value  at  any  time.  The  dredge  has  dug  a 
hole  below  the  gate;  the  hole  has  been  filled  with  sand;  the  dredge  has 
dug  it  again,  and  so  on  in  one  continuous  round  of  costly  futility,  like 
the  labor  of  Sisyphus.  Had  the  Imperial  been  placed  above  the  gate, 
it  would  have  been  useful.  When  the  banks  of  the  Alamo  channel, 
constituting  the  main  canal,  had  been  raised  and  strengthened  to 
carry  safely  a  large  flow,  the  discharge  of  from  2  500  to  3  000  sec-ft. 
through  the  gate  solved  the  problem  of  water  supply  for  the  valley 
canal  system.  In  an  hour  and  a  half  2  500  ft.  of  water  sluiced  sand 
from  the  canal  below  the  gate  to  the  depth  of  1  ft.  The  Alamo  Canal 
is  an  efficient  channel  for  5  miles  below  the  gate,  when  carrying 
2  000  sec-ft.  or  more,  and  dredging  is  wholly  useless. 
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When  the  writer  took  charge  of  work  on  the  C.  D.  Co.  system,  he  Mr. 
found  two  large  dredges,  the  Delta  and  Gamma,  at  work  in  the  main 
canal  at  an  ojierating  cost  of  $9  000  a  month.  The  dredges  were  use- 
ful in  straightening  the  course  of  the  Alamo,  cutting  across  bends 
and  building  up  banks,  but  when  they  operated  in  the  canal  to  remove 
silt  and  sand,  they  only  moved  a  hole  up  and  down  stream.  Careful 
instrumental  observations  and  cross-section,  surveys  showed  that  the 
floor  of  the  canal  behind  a  dredge  was  at  the  same  level  as  before 
the  dredge  reached  it. 

The  writer  put  the  dredges  out  of  commission  and  tied  them  up, 
thereby  saving  $9  000  a  month.  It  is  doubtful  if  a  dredging  barge, 
occupying  more  than  one-third,  of  the  width  of  a  canal  carrying 
Colorado  River  water  (laden  heavily  with  silt  and  sand),  can  be 
operated  efficiently  to  refliove  deposits. 

The  removal  of  quicksand  from  the  Imperial  canals  is  a  problem 
to  be  solved  by  the  managers  of  the  main  supply  system.  Sand  in  the 
canals  of  the  Mutual  Companies  constitutes  a  menace,  and  is  a  cause 
of  great  increase  in  maintenance  expense.  The  deposit  of  sand  in 
these  canals  and  in  farmers'  laterals  is  avoidable.  Doubtless  a  small 
percentage  of  sand  brought  through  the  head-gate  is  removed  by  the 
Imperial,  but  all  of  it  could  be  removed  more  economically  by  other 
means  at  the  lower  end  of  the  Alamo  main,  and  it  is  obviously  the 
business  of  the  C.  D.  Co.'s  Receiver  to  take  care  of  that  sand  instead 
of  sluicing  it  out  upon  the  valley  farms. 

Summary. — The  writer  has  endeavored  to  make  clear,  by  statement 
of  fact  and  description  of  work  accomplished,  that  there  is  no  abstruse 
problem  involved  in  placing  the  Lower  Colorado  under  control  and 
confining  its  floods  to  a  determined  course. 

The  meanders  of  the  river  are  subject  to  direction  by  simple  and 
inexpensive  means,  the  current  at  the  early  stage  of  its  wandering 
tendency  responding  as  readily  to  the  guiding  hand  as  does  a  bridle- 
wise  horse  to  the  touch  of  rein  upon  the  neck. 

The  permanent  revetment  of  the  banks  has  been  demonstrated  to 
be  comparatively  easy  of  accomplishment  by  methods  familiar  to,  and 
applied  by,  railroad  engineers  in  the  West  for  many  years. 

That  a  railroad  on  the  top  of  a  levee  is  indispensable  to  main- 
tenance and  to  application  of  the  rock-fill  method  of  bank  revetment 
has  been  shown  conclusively  by  experience.  Costly  experience  has 
proved  the  unwisdom  of  removing  any  natural  iirotection  from  the 
berm  on  the  river-side  of  a  levee,  and  has  established  the  correctness  of 
the  railroad  "firing-line"  practice  in  the  construction  of  embankments 
along  streams,  particularly  those  flowing  through  regions  of  alluvial 
formation. 

Submerged  woii"s,  to  raise  the  bed  of  the  river,  arrest  the  recession 
of  scour  planes,  and  divert  water  with  certainty  and  safety  into  canal 
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Mr      intakes,    may   be   built    as    permanent    structures    by    the    simple   and 
*  inexpensive  method  of  dumping  gravel  and  rock  from  trestles,  without 
placing  any  crest  or  core-walls,  or  using  a  pound  of  cement. 

The  operation  of  dredges  for  the  removal  of  sand  from  main  irriga- 
tion canals  is  ineffective  and  a  waste  of  money  where  water  can  be 
carried  in  large  volume  at  sluicing  velocities. 

Ma^haii  ^-  ^'  ^^ARSHALL,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The 
author's  statements  regarding  the  very  unfavorable  soil  report  on  the 
Imperial  Valley,  issued  by  the  U.  S.  Department  of  Agriculture  (which 
actual  results  have  proven  to  be  unjustified),  and  the  belief  expressed 
that,  had  this  soil  report  been  issued  before  the  reclamation  of  the 
valley  was  well  under  way,  the  effect  would  have  been  a  complete 
condemnation  of  the  project,  are  serious  matters  and  worthy  of  most 
attentive  consideration.  The  writer  has  had  similar  experience,  and 
has  no  doubt  that  many  others  interested  in  reclamation  work  have 
encountered  this  same  bugaboo  of  an  adver.se  Government  soil  report. 
It  is  certainly  the  duty  of  the  U.  S.  Bureau  of  Soils  to  rectify  some 
of  the  wrongs  done  to  different  parts  of  the  countrj^  through  adverse 
reports  on  various  soil  types.  The  writer  knows  of  no  case  where  this 
has  been  done  in  a  way  which  has  had  any  practical  effect. 

The  object  of  a  soil  survey  should  be  to  determine  what  the  land 
is  adapted  to  and  what  methods  of  cultivation  are  indicated  and  re- 
quired. The  findings  of  a  survey  should  be,  by  all  means,  of  a  con- 
structive and  not  of  a  destructive  nature,  and  the  chief  purpose  should 
be  to  find  some  beneficent  use  for  the  soil  surveyed.  Any  report  that 
condemns  a  soil  type  as  worthless,  unless  based  on  the  most  thorough 
investigation,  necessarily  does  a  most  serious  and  inestimable  injury 
to  the  area  reported  on. 

It,  should  be  the  office  of  the  Government  to  encourage  the  develop- 
ment of  waste  land,  but  certainly  some  of  the  soil  reports  would  dis- 
courage even  a  preliminary  investigation  of  the  areas  in  question. 
Because  of  the  usual  high  respect  for  Government  experts  and  their 
disinterested  attitude  in  such  matters,  their  statements,  official  and 
otherwise,  are  generally  taken  as  expressions  of  ultimate  facts,  and 
unimpeachable  as  to  the  conditions  of  the  soils  reported  on.  However, 
in  the  West,  to-day,  there  are  notable  cases  of  great  districts,  with 
proven  agricultural  value,  which  were  condemned  by  the  Government 
Bureau  of  Soils. 

The  writer's  experience  with  an  adverse  soil  report  will  serve  as 
another  example,  supporting  these  statements.  While  one  of  the  engi- 
neers was  making  a  report  on  a  proposed  60  000-acre  levee  reclamation 
project  in  the  Sacramento  Valley,  California,  on  which  it  was  esti- 
mated $2  000  000  would  be  spent  for  levees  and  drainage  works,  the 
following  developed: 
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The  project  had  advanced  to  the  point  where  the  parties  who  were  Mr. 
to  finance  it  had  paid  for  26  000  acres  of  the  land  involved,  and  plans  ^^^  * 
were  being  hurried  for  the  reclamation  works,  when  the  U.  S. 
Department  of  Agriculture's  "Soil  Survey  for  the  Marj^sville  Area, 
California,"  was  called  to  the  attention  of  one  of  the  several  repre- 
sentatives of  the  purchaser.  This  report,  issued  in  1911,  was  the  work 
of  M^srs.  A.  T.  Strahorn,  W.  W.  Mackic,  H.  L.  Westover,  L.  C. 
Holmes,  and  Cornelius  Van  Duj'ne,  and  on  page  30  contained  the 
following  comment  regarding  that  part  of  the  area  in  which  this 
project  was  located: 

"When  protected  from  overflow  by  levees,  this  soil  will  be  saturated 
for  some  portion  of  each  year  on  account  of  the  high  water  level  out- 
side the  levees.  Extensive  drainage  ditches  and  pumping  plants  would 
remedy  this  to  a  considerable  extent,  but  to  keep  down  the  level  of 
the  water  table  for  such  extensive  areas  would  be  very  expensive,  and 
only  the  most  profitable  crops  would  justify  the  expense.  The  physical 
condition  of  the  soil  is  about  as  unfavorable  as  it  possibly  could  be, 
owing  to  water-logged  condition  and  consequent  nonaeration.  Should 
the  type  ever  be  thoroughly  protected  from  inundation,  the  agri- 
cultural value  of  the  section  will  probably  depend  upon  the  intro- 
duction of  crops  suitable  only  to  low,  moist  land  that  will  yield  a 
considerable  return  for  the  labor  and  money  invested. 

"The  following  table  gives  the  results  of  a  mechanical  analysis  of 
a  sample  of  the  soil  of  this  type  [amounts  given  in  percentage  by 
weight]  : 


FiDe 
gravel. 

Coarse 
sand. 

Medium 
sand. 

Fine 
sand. 

Very  fine 
sand. 

Silt. 

Clay. 

0.0 

0.5 

0.7 

3.4 

1.8 

41.0 

52.7" 

This  report,  coming  from  the  Government,  and  obviously  un- 
biased, seemed  to  this  representative  to  be  a  solar  plexus  blow  to  the 
project,  and  he  felt  that  the  purchaser  had  been  misled.  The  parties 
effecting  the  sale  felt  that  their  reputation  was  in  jeopardy.  They 
had  never  seen  the  soil  report,  but  were  positive,  because  of  actual 
results,  that  the  soil  was  verj-  productive.  The  engineers  were  censured 
for  failing  to  bring  the  report  to  the  attention  of  the  parties  inter- 
ested, and  it  seemed  certain  that  the  whole  project  would  fall  through. 

In  an  effort  to  re-establish  confidence,  a  large  number  of  repre- 
sentative fanners,  experienced  in  handling  bottom  lands,  were  taken 
over  the  area  and  asked  to  pass  judgment  on  the  soil.  All  agreed 
that  any  land  supporting  a  heavy  tule  growth  was  valuable  when 
reclaimed,  as  much  of  this  identical  soil  which  had  been  re- 
claimed in  the  Sacramento  Valley  produces  great  crops.  Much  of  the 
land  in  this  area,  however,  is  not  covered  with  tules,  and  these  bottom- 
land farmers  would  not  vouch  for  it  because  they  could  see  no  native 
tule  growth,  which  was  the  basis  for  their  conclusions.     In  this  diffi- 
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Mr.  culty  the  writer  had  recourse  to  the  United  States  Government,  surveys 
'  made  in  1854  and  1864.  In  these  notes  frequent  reference  was  made 
to  tule  g-rowth  encountered.  On  platting  these,  a  map  was  obtained 
showing  that  the  tule  growth  in  1864  covered  nearly  the  whole  of  the 
area  in  question.  This  was  accepted  as  convincing  proof  of  the  conti- 
nuity of  soil  type,  and  the  purchaser  was  reassured  to  the  extent  that 
reclamation  is  now  going  on. 

There  will  thus  be  created  for  the  community  a  vast  acreage  of 
exceptionally  productive  ground  which,  had  it  been  impossible  to  off- 
set the  adverse  report  of  the  soil  experts,  would  have  continued  a 
worthless  expanse  of  duck  marsh,  and  the  reputation  of  many  men 
of  high  standing  would  have  been  shattered  and  confidence  in  their 
integrity  and  judgment  lost.  Further  to  re-establish  the  reputation 
of  the  land  and  prove  the  mistaken  character  of  the  soil  report  in 
question,  comparisons  were  made  with  the  "Soil  Survey  of  The  Wood- 
land Area,  California,"  by  the  U.  S.  Department  of  Agriculture. 
This  area  adjoins  that  of  Marysville,  and  was  reported  on  by  Messrs. 
C.  W.  Mann,  J.  F.  Warner,  H.  L.  Westover,  and  James  E.  Ferguson. 
The  soil  type  commented  on  so  adversely  in  the  Marysville  Area  is 
reported  on  as  follows  in  the  survey  of  the  Woodland  Area,  page  25 : 

"Where  this  soil  type  is  protected  from  overflow  and  is  free  from 
alkali  it  is  adapted  to  grain,  sorghum,  Egj-ptian  corn,  hay,  and  other 
forage  crops. 

"The  texture  of  the  soil  *  -  *  is  shown  in  the  following  table 
[by  percentages]  : 


Fine 
gravel. 

Coarse 
sand. 

Medium 
sand. 

Fine 
sand. 

Very  fine 
sand. 

Silt. 

Clay. 

0.1 

0.7 

0.9 

3.3 

1.4 

41.2 

52.3" 

The  survey  of  the  Woodland  Area  was  made  prior  to  that  of  the 
Marysville  Area.  The  mechanical  analyses  of  the  two  soil  types  are 
identical.  In  reporting  on  the  Woodland  Area  there  could  have  been 
no  mistake  in  advising  on  its  adaptability  for  the  crops  mentioned, 
for,  at  the  time  the  survey  was  made,  the  land  was  producing  a  very 
heavy  alfalfa  crop. 

It  should  be  remembered  that  all  information,  used  in  showing  the 
original  Marysville  Area  report  of  this  soil  type  to  be  grossly  in  error, 
was  as  available  to  the  Government  soil  experts  as  to  the  writer,  and 
that  for  their  most  adverse  report  on  the  soil  in  question  there  is  no 
real  excuse.  Nevertheless,  as  it  was  obvious  that  an  error  had  been 
made,  a  supplementarj'  report  revising  the  survey  of  certain  soils  in 
the  Marysville  Area  has  been  issued  by  the  Government,  in  which  the 
former  report  was  corrected  and  the  mistakes  excused  on  the  ground 
that  at  the  time  the  suT-vey  was  made  the  soil  in  question  was  covered 
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with    water,    thereby    luaking    thorough    investigation    difficult!      Cer-       Mr. 
tainly  this  was  reason  enough  for  failure  to  get  good  first-hand  data;  ^^^''^haii. 
but  why  should  a  report  be  made  condemning  many  thousands  of  acres 
of  land  on  such  flimsy  investigation '. 

The  writer  dissents  from  Mr.  Sellew's  comments  as  to  the  propriety 
of  including  the  discharge  records  at  Yuma  prior  to  1903,  in  Table  3. 
All  available  data  should  always  be  given,  with  explanations,  and  thus 
l>ermit  the  reader  to  draw  his  own  conclusions  according  to  his  own 
experience  and  judgment.  Furthermore,  the  result  of  taking  the 
yearly  rainfall  for  the  entire  265  000  sq.  miles  of  water-shed  of  the 
Colorado  River  as  the  combination  of  yearly  rainfalls  at  eight  different 
stations  scattered  over  the  water-sheds,  which  it  was  assumed  gave  a 
fair  average,  does  not  seem  to  be 
justifiable.  This  is  shown  bj 
platting  the  average  rainfalls  and 
yearly  run-offs,  as  given  by  Mr. 
Sellew  for  1903  to  1912,  as  in 
Fig.  45.  This  proves  that  there 
is  no  law  that  can  be  deduced 
connecting  yearly  rainfall  and 
run-oflf  totals  on  a  water-shed  as 
large  as  that  of  the  Colorado 
Iiiver,  and  that  one  cannot  tell 
with  any  more  certainty  than  a 
guess  what  the  run-off  of  the 
Colorado  River  was  by  using  the 
rainfall  data  of  the  eight  rain- 
gauge  stations  selected. 

Therefore,  to  condemn  the 
discharge  records  at  Yuma  prior 
to  the  establishment  of  perma- 
nent gauging  stations  there,  as 
being  too  low,  because  they  do 
not  conform  closely  to  what  one 
might  expect  from  the  rainfall 
records    given,     in     the     writers 

opinion,    is    wrong.       The    early  ^-,^,-,„^^„_„ 

data  are  not  precise,  but  they  are  ^^^-  ^^■ 

valuable  and  should  have  weight  in  the  consideration  of  the  problem. 

That  there  may  be  long  cycles  of  high  and  low  yearly  discharge 
of  rivers  is  well  established.  The  writer  calls  to  mind  some  investiga- 
tions which  he  made  into  the  past  levels  of  the  Great  Salt  Lake.  By 
inquiry  from  old  settlers  and  by  searching  records  it  was  found  that 
in  the  last  century  Great  Salt  Lake  had  two  cycles,  and  probably 
three,  of  extreme  high  and  extreme  low  water,  and,  according  to  such 
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Mr.  experience,  the  lake  should  be  high  at  this  time,  and  such  is  the  case. 
1  ars  a  .  r^^^  j^j.^  -g  ^^^  some  8  ft.  higher  than  it  was  at  the  time  of  the  con- 
struction of  the  Lucin  Cut-off  in  1902,  and  this  rise  has  taken  place 
in  spite  of  the  fact  that,  for  irrigation  purposes,  much  more  water 
than  formerly  is  now  being  diverted  from  the  rivers  emptying  into 
the  lake. 
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FREMAXTLE  GRAVING  DOCK: 
STEEL  DAM  CONSTRUrTIOX  FOR  NORTH  WALL. 

Discussion.* 


Bv  Herbert  E.  Beli.amv.  Assoc.  M.  Am.  Soc.  C.  E. 


Herbert  E.  Bellamy,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The      Mr. 
writer  has  read  Mr.  Ramsbotham's  paper  with  much  interest,  and  is    ^  ^'^^' 
glad  that  a  matter  of  such  importance  has  been  presented  before  the 
Society. 

As  the  writer  has  had  considerable  experience  with  jarrah  timber 
for  walings  and  shores,  as  referred  to  by  the  author,  the  following 
remarks  may  not  be  considered  out  of  place. 

Jarrah  (Eucalyptus  marginata)  is  one  of  the  most  valuable  of 
Western  Australian  timbers,  and  one  of  the  best  in  the  Australian 
Colonies.  It  is,  perhaps,  more  widely  known  to  engineers  outside 
Australia  than  any  other  timber  grown  there.  It  is  exceedingly  dura- 
ble, whether  exposed  so  as  to  be  alternately  wet  and  dry,  or  used  as 
piles  in  sea-water  or  damp  ground.  Its  weight  varies  from  56  to  68  lb. 
per  cu.  ft.    Recent  tests  of  this  timber  afford  the  following  information : 

Transverse  strength  per  square  inch 1  800  lb. 

Tension :  direct  cohesion  on  1  sq.  in 2  940    " 

Crushing  strain  on  2-in.   cubes 3.198  tons 

It  is  a  singular  fact,  however,  that  the  majority  of  engineers 
throughout  Australia  do  not  view  with  favor  the  use  of  hard  woods 
for  walings. 

One  particular  instance,  in  which  absolutely  nothing  but  jarrah 
was  used  for  timbering,  was  in  the  excavation  for  the  main  pumping 
station  executed  under  the  writer's  supervision  in  connection  with  the 
Colombo  (Ceylon)  Main  Drainage  Works,  for  which  works,  Messrs. 
James  Mansergh  and  Sons  were  the  Consulting  Engineers.     All  the 

*  Continued   from   April.   191.3,  Proceedings. 
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M_'j__  walings  and  struts  were  12  by  12-in.  and  fixed  at  4-ft.  centers.  Fig.  6 
illustrates  the  system  adopted.  All  sets  were  independent  and  in 
20-ft.  lengths,  so  as  to  facilitate  the  easy  striking  of  the  timbers  as  the 
masonry  arose  from  the  bottom. 

When  the  excavation  was  down  to  formation  level  and  all  timbers 
were  in,  heavy  monsoonal  rains  set  in,  and  the  trench  was  allowed  to 
be  flooded  for  several  weeks.  After  the  rains  had  ceased,  pulsometer 
pumps  were  fixed,  and  the  water  was  pumped  out  so  that  the  bottom 
concrete  could  be  put  in.  On  several  subsequent  occasions,  the  trench 
was  flooded  and  pumped  out  again.  This  alternate  wetting  and  dry- 
ing would  naturally  tax  any  timber,  but  the  writer  can  state  with  every 
confidence  that  every  waling  and  strut  removed  from  this  excavation 
after  being  in  use  for  about  12  months,  was  in  practically  the  same 
good  condition  as  when  first  put  in.  Indeed,  the  majority  of  the 
timbers  taken  out  were  sawn  into  12  by  6-in.  and  12  by  3-in.  scantlings 
and  used  in  other  parts  of  the  work. 

The  writer  has  also  used  jarrah  extensively  for  side-trees,  head- 
trees,  and  sills  in  tunnels,  which  have  been  flooded  on  several  occasions, 
and  not  in  a  single  instance  was  there  failure  or  disappointment. 

Steel  sheet-piling  has  been  used  so  extensively  and  successfully, 
and  in  so  many  different  classes  of  work,  that  the  author's  elaborate 
description  calls  for  no  further  comment. 
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TIDAL  PHENOMENA 
IN  THE  HARHOR  OF  NEW  YORK. 

Discussion.* 


By  Messrs.  Allen  Hazen,  T.  Kennard  Thomson,  Ja^ies  Owen, 
AND  Kenneth  Allen. 


Allen  Hazen,  M.  Am.  Soc.  C.  E. — It  is  extremely  fortunate  that  Mr. 
the  observations  recorded  in  this  paper  have  been  made,  and  that  ^^^°' 
they  have  been  compiled  and  put  in  convenient  and  readily  under- 
stood shape.  The  author's  method  of  analysis  follows  closely  that 
used  by  the  speaker  in  discussing  the  same  problemf  seven  years  ago. 
At  that  time  the  data  for  salinity,  tidal  flow,  and  fresh-water  flow, 
were  meager,  and  there  was  no  information  as  to  the  extent  of  under- 
run.  The  figures  then  obtained,  with  limited  data,  in  comparison 
with  those  of  the  author,  are  given  in  Table  31.     The  author's  figures 

TABLE  31. 


Annual  Average  Figures  : 

Hazen.  1006. 

Parsons,  1913. 

Ebb  Tide  : 

Percentage  of  river-water  on  its  last  trip  out 

Percentage  of  river-water  whicii  will  come  back 

Percentage  of  sea- water  on  its  last  trip  out 

Percentage  of  sea-water  wliich  will  come  back 

Flood  Tide  : 
Percentage  of  new  sea-water  which  has  never  been  in 
the  harbor  before 

7 
28 
14 
51 

23 

9.8 
25.(1 
18.4 
46.8 

20.5 

*  This  discussion  (of  the  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E., 
published  in  April,  1913,  Proceedings,  and  presented  at  the  meeting  of  May  7th, 
1913),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all   members  for  further  discussion. 

t  Journal,  Assoc,  of  Eng.   Societies,  Vol.  XXXVI,   p.   293. 
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Mr. 
Hazen, 


afford  a  striking  confirmation  of  the  substantial  accuracy  of  those 
used  by  the  speaker  in  discussing  the  sewage  disposal  problem  in  the 
harbor  at  that  time,  and  in  a  professional  report  made  soon  afterward. 
The  figures  in  Tables  18  and  19,  containing  corresponding  data 
by  months,  are  most  interesting.  The  quantity  of  new  water  passing 
The  Narrows  at  each  tide  by  months  from  these  tables,  and  the  corre- 
sponding flow  of  a  stream  necessary  to  furnish  an  equal  quantity  of 
new  water  in  the  course  of  the  24  hours,  are  as  shown  in  Table  32. 

TABLE   32. — New  Watee   in   the    Hakbor  with   Each   Tide,  in 
Millions  of  Cubic  Feet.  During  Ebb  Tide. 


Month. 

Land-water. 

Sea- water. 

Total. 

Totals,  in 
cubic  feet 
per  second. 

880 

690 

2500 

2  590 

1340 

1090 

700 

620 

710 

990 

91U 

1070 

2  240 
670 
2,510 
1740 
1050 
1780 

2  180 
1  520 
2150 

3  610 
3  190 
3  470 

3  120 

1  360 
5  010 

4  330 

2  390 
2  870 
2  880 
2  140 
2  860 
4600 
4  100 
4  540 

70  000 

February 

30  000 

112  000 

97  000 

May 

54  000 

June  

64  000 

July 

65  000 

August 

September 

October 

November 

48  000 
64  000 

103  000 
92  000 

102  000 

Averages  

1  180 

2  210 

3  390 

76  000 

The  figures  in  Table  32  show  that  65%  of  the  new  water  in  the 
harbor  throughout  the  year  is  sea-water,  and  that  35%  is  land-water. 
For  every  cubic  foot  of  water  that  goes  through  The  Narrows  from  all 
the  rivers  draining  14  395  sq.  miles,  2  cu.  ft.  of  water  come  in  from 
the  ocean,  circulate  up  and  down  the  harbor,  and  go  out  to  sea  again. 
The  exchange  of  water  in  the  harbor  is  as  great  as  that  which  would 
result  from  the  fresh  water  from  an  area  of  41  000  sq.  miles.  Prac- 
tically, it  is  equivalent  to  much  more,  because,  in  a  river,  the  flow 
is  variable,  and  there  is  a  period  in  summer  when  it  is  much  less  than 
the  average.  In  New  York  Harbor  there  is,  practically  speaking,  no 
dry-weather  period.  When  the  flow  of  fresh  water  is  less,  the  flow 
of  sea-water  is  greater,  and  the  total  flow  is  maintained  so  that  the 
minimum  is  a  larger  percentage  of  the  average  than  would  be  the  case 
in  any  natural  river. 

The  author's  figures  indicate  a  minimum  flow  for  February  of 
30  000  cu.  ft.  per  sec,  between  much  larger  values  for  January  and 
March.  The  low  figure  for  February  is  due  to  a  very  low  figure  for 
sea-water  exchanged  during  that  month.  The  reasons  for  fluctuations 
in  the  volume  of  land-water  are  obvious,  but  there  is  no  apparent 
reason  why  the  quantity  of  sea-water  should  fluctuate  to  as  great  an 
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L'xtoiit  as  is  indicated  by  Table  32.  The  tide  must  have  risen  and  Mr. 
fallen  during:  that  month  as  in  other  months,  and  the  opportunities 
for  exchancre  of  sea-water  were  the  same  as  at  other  times.  When  the 
rivers  are  in  flood,  the  quantity  of  fresh  water  entering  the  harbor 
is  greatly  increased,  and  tends  to  take  the  place  of,  and  keep  out, 
an  equal  volume  of  salt  water.  For  the  February  in  question  no  such 
condition  existed.  On  the  other  hand,  the  land-water  was  nearly 
down  to  the  low  figure  for  the  year.  The  speaker  thinks  that  the  ex- 
lihiuation  of  this  apparently  low  February  flow  is  to  be  found  in  some 
matters,  not  sufficiently  taken  into  account  in  the  calculation,  which, 
perhaps,   cannot  be  taken   into  account   at   the  present  time. 

The  assumption  is  made,  if  the  speaker  understands  correctly,  that 
the  quantity  of  water  passing  through  The  Narrows  during  each  month 
is  the  same  as  that  of  the  fresh  water  flowing  in  all  the  tributary 
rivers.  This  assumption  must  be  more  or  less  in  error,  because,  ob- 
viously, there  is  retardation  of  the  flow  of  fresh  water  through  the 
large  and  variable  reservoir  of  brackish  water  .between  The  Narrows 
and  the  farthest  points  to  which  salt  water  extends.  This  retardation 
must  have  the  effect  of  modifying,  probably  to  a  substantial  extent, 
the  quantity  of  fresh  water  flowing  through  The  Narrows  during  any 
calendar  month.  If  these  differences  could  be  adequately  taken  into 
account  and  allowed  for.  the  speaker  suggests  that  the  monthly  varia- 
tion of  the  combined  flow  might  be  found  to  be  more  nearly  constant 
than  is  indicated  by  the  author's  tables.  Taking  this  matter  into 
account  probably  would  not  greatly  change  the  annual  average  figure. 
Tt  would  have  a  steadying  effect  on  the  monthly  flows,  and  reduce  the 
fluctuations. 

If  it  is  assumed  that  the  lowest  months  in  the  author's  tables  may 
be  accounted  for  in  this  way.  it  appears  that  the  exchange  of  water 
in  the  harbor  is  equivalent  to  a  steady  flow  of  between  50  000  and 
100  000  cu.  ft.  per  sec,  averaging  76  000  cu.  ft.  per  sec.  In  comparison 
with  this,  the  speaker,  in  1006,  on  the  basis  of  the  few  data  then 
available,  estimated  the  corresponding  flow  at  68  000  cu.  ft.  per  sec. 
No  river  in  the  United  States  has  a  minimum  flow  as  great  as  this. 
Probably  no  other  great  city  in  the  world  is  as  favorably  situated  as 
New  York  on  rivers  having  currents  of  such  volume  and  strength. 

Tt  has  been  sometimes  assumed  that  a  flow  of  3  cu.  ft.  per  sec. 
would  suffice  to  dilute  the  sewage  from  1  000  people  enough  to  make 
it  inoffensive.  This  ratio  is  not  everywhere  accepted,  but,  taking  it 
as  a  basis,  if  the  flow  through  The  Narrows  could  be  fully  utilized 
for  dilution,  it  would  serve  to  carry  off  the  sewage  of  from  17  000  000 
to  34  000  000  people.  Even  if  a  larger  relative  dilution  is  assumed 
to  be  necessary,  as,  for  instance,  4,  or  even  5  cu.  ft.  per  sec,  per  1  000 
of  population,  it  is  still  adequate  to  serve  a  population  which  will 
not  be  attained  for  many  years. 
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Mr.  One  of  the  practical   difficulties,   in   the   utilization   of  this   great 

■  water  quantity  for  dilution,  is  to  arrange  matters  so  that  the  sewage 
will  be  mixed  evenly  with  it.  At  present  more  than  a  proportionate 
quantity  of  sewage  is  discharged  into  some  branches  of  the  harbor, 
as,  for  instance,  into  the  East  River  and  the  Harlem  River,  and  these 
branches  have  a  higher  relative  pollution  and  are  nearer  to  a  per- 
missible limit  than  is  the  harbor  as  a  whole. 

The  figures  for  tidal  flow,  put  in  convenient  and  accessible  form 
in   this   paper,   will   be   of  the  greatest   service   in   future   discussions 
of  this  most  important  question. 
Mr.  T.   Kennard  Thomson,  M.  Am.  Soc.   C.  E. — The  Society  owes  a 

hearty  vote  of  thanks  to  Mr.  Parsons  for  this  very  valuable  and 
interesting  paper.  It  is  especially  interesting  to  the  speaker  on  ac- 
count of  his  plan  for  relieving  the  congestion  in  New  York  Harbor. 

This  plan  has  already  been  brought  to  the  attention  of  the  Society,* 
and  this-  opportunity  is  taken  to  show  the  same  plan  with  an  addi- 
tion. Fig.  63,  which  has  been  seriously  suggested  by  a  very  able  man. 

The  plan  consists  of  the  reclamation  of  the  East  River,  and  the 
building  of  a  serviceable  channel  between  Flvishing  and  Jamaica  Bays. 
This  would  reclaim  about  10  sq.  miles  between  Manhattan  and  Brook- 
lyn, and  also  solve  many  of  the  rapid  transit  problems,  as  well  as  the 
dock  problems. 

Mr.  Parsons'  paper  proves  that  the  speaker's  original  proposition 
would  have  a  very  insignificant  effect  on  the  waters  passing  through 
The  Narrows,  stated  to  be  75  000  cu.  ft.  per  sec,  as  referred  to  by 
Mr.  Hazen.  The  Mohawk  River,  alone,  during  the  floods  of  March, 
1913,  discharged  96  000  cu.  ft.  per  sec.  into  the  Hudson  River,  though 
its  discharge  in  summer  is  often  less  than  2  000  cu.  ft.  per  sec.  This, 
of  course,  is  unusual,  but  the  ordinary  variation  in  the  quantity  of 
water  entering  the  Hudson  River  from  its  tributaries  makes  the  dis- 
placement, suggested  by  the  speaker's  plans,  insigtiificant. 

The  carrying  out  of  this  plan  would  insure  the  greatest  boom  that 
has  ever  been  thought  of  for  New  York  City  and  State,  and  the  popu- 
lation of  the  city  would  increase  to  12  000  000  and  more  in  a  very 
short  time. 
Mr^  James  Owen,  M.  Am.  Soc.  C.  E. — The  speaker  has  been  interested 
in  the  tidal  flow  in  New  York  Harbor  for  some  years,  and  there  seems 
to  be  an  element  in  the  whole  question  which  has  not  been  considered 
by  any  one  except  Mr.  Thomson,  who  is  rather  ahead  of  the  proposition, 
that  is,  the  gradual  closing  of  the  harbor  itself. 

Some  years  ago  the  speaker  had  occasion  to  take  some  evidence 
and  make  some  tests  on  the  encroachment  on  the  shores  on  the  New 


Owen. 


*  "The  Problem  of  the  Lower  West  Side  Manhattan  Water-Front  of  the  Port  of  New 
York.'"  by  B.  F.  Cresson,  Jr..  M.  Am.  Soc.  C.  E  ,  Transactions,  Am.  Soc.  C.  E.,  Vol. 
LXXV,  p.  268. 
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Mr.  Jersey  Coast,  and  incidentally  he  examined  into  the  question  of  the 
■  opening  of  New  York  Harbor.  It  was  found  that  two  elements  entered 
into  that  question,  namely  the  deposit  by  fresh  water  from  the  high 
grounds  above,  and  the  gradual  throwing  up  of  the  sands  by  the  storms 
on  the  coast.  It  was  found  that  the  accretion  at  the  estuaries  of  the 
New  Jersey  Ooast  amounted  to  about  3  ft.  in  30  years. 

;  At  some  prehistoric  period,  the  Jersey  Meadows  were  covered  with 
water,  and  they  have  all  been  filled  up.  It  was  found  that  there  were 
some  21  estuaries  on  the  Jersey  Coast  which  have  been  closed  up  in  the 
last  150  years,  and  that  Sandy  Hook  was  at  one  time  merely  a  cluster  of 
islands. 

The  report  of  the  Jamaica  Bay  Commission  showed  that  the  Rock- 
away  Spit  had  encroached  to  the  east  about  1  mile  in  30  years.  Con- 
sidering this  encroachment  and  that  of  the  Sandy  Hook  Spit,  which 
is  about  in  the  same  ratio,  one  may  note  the  probability  of  the  gradual 
closing  up  of  New  York  Harbor,  not  only  by  the  deposits  of  the  waters 
themselves — which  are  vei-y  small  from  the  Hudson  River — but  by  the 
encroachment  of  the  sea. 

Whatever  experiments  are  made  will  have  to  be  carried  along  year 
by  year,  counting  on  the  encroachments  of  the  ocean.  It  is  a  very 
important  question,  this  gradual  closing  up  of  New  York  Harbor  by 
the  encroachment  of  the  sea. 

Mr.  Kenneth  Allen,  M.  Am.  Soc.  C.  E.   (by  letter). — The  author  ha^ 

described  the  tidal  condition  existing  in  New  York  Harbor  so  fully 
that  little  remains  to  be  added.  The  special  application  of  tidal  studies 
to  those  of  sewage  disposal  is  obvious.  Dilution  of  a  sewage  effluent 
may  be  secured  by  the  variable  currents  induced  by  winds  and  differ- 
ences of  temperature,  as  in  cities  discharging  sewage  into  a  lake;  but, 
in  general,  dependence  is  placed  on  the  much  more  reliable  and  effective 
currents  due  to  the  flow  of  upland  waters  in  rivers  or  the  tides  of  the 
sea.  In  the  case  of  New  York  City,  though  large  dependence  is  placed 
on  the  upland  waters  discharged  by  the  Hudson  River,  the  condition 
of  the  East  River  and  Upper  Bay  depends  in  a  great  degree  on  the 
refreshing  influence  of  the  new  sea  water  brought  in  twice  a  day  by 
the  tides.  To  a  much  greater  extent  is  this  true  of  the  two  shallow 
bays — Newark  and  Jamaica — the  waters  of  which  receive  large  rolumes 
of  sewage,  but  yet  contain  a  fair  amount  of  dissolved  oxygen  brought  in 
by  the  proportionately  large  tidal  prism  at  every  tide.  Owing  to  the 
existence  of  such  connecting  waterways  as  the  East  and  Harlem  Rivers, 
Little  Hell  Gate,  Bronx  and  Arthur  Kills,  and  Kill  van  Kull,  com- 
bined with  the  varj-ing  conditions  of  flow  in  the  Hudson  River,  the 
tidal  phenomena  of  New  York  Harbor  are  as  complex  as  could  well  be 
imagined,  and  a  reasonable  approach  to  true  average  conditions  can 
only  be  found  by  a  long  series  of  observations.  In  the  case  under 
discussion,  much  information  was  available  from  past  observations  of 


Allen 
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the  U.  S,  Coast  Survey  and  the  War  Depiirtinent,  hut,  especially  with    Mr. 
reference   to   the   East   and   Harlem  Rivers,   this  was   incomplete   and  " 
has  but  recently  been  secured  by  Col.  W.  M.  Black,  Corps  of  Engineers, 
U.  S.  A. 

Aside  from  velocities  and  di.scharges  at  certain  points  or  cross- 
sections,  information  was  desired  by  the  Metropolitan  Sewerage  Com- 
mission as  to  the  probable  dispersion  and  drift  of  floating  solids  if 
set  adrift  at  specific  points,  and  though  the  float  observations  which 
were  undertaken  provided  a  certain  amount  of  general  information 
regarding  probable  velocities,  on  which  discharges  might  be  estimated, 
dependence  could  not  be  placed  on  these  alone  for  the  latter  purpose, 
owing  to  the  manifest  discrepancies  due  to  local  or  teipporary 
conditions. 

Float  observations,  however,  are  valuable  as  an  indication  of  the 
probable  trend  of  sewage  (which  in  salt  water  rises  to  near  the  surface), 
its  oscillation  back  and  forth  with  the  tides,  and  of  the  shores  on  which 
its  floating  constituents  may  strand. 

In  1897  the  writer  made  a  series  of  float  observations  for  the  Balti- 
more Sewerage  Commission*  in  Chesapeake  Bay  off  North  Point,  to 
determine  the  most  favorable  locatibn  for  the  discharge  of  sewage.  At 
six  selected  points,  about  i  mile  apart  and  from  f  to  2J  miles  from 
shore,  poles  were  set  in  the  bottom,  which  was  nowhere  more  than 
about  20  ft.  from  the  surface  at  low  water,  the  tidal  range  beinjj 
about  1  ft. 

A  30-ton  schooner  was  chartered  and  ancliored  in  the  vicinity  of 
the  work  as  headquarters  for  the  party,  which  consisted  of  an  observer, 
a  recorder,  the  captain,  mate,  and  cook.  A  small  steam  launch,  with 
captain  and  engineer,  was  secured  with  which  to  follow,  the  floats.  For 
communication  with  the  party  a  tug  was  engaged. 

The  floats  consisted  of  2  by  2-in.  by  7-ft.  yellow  pine  sticks  weighted 
on  the  lower  end  by  cast-iron  washers  strung  on  a  wire  until  only 
5  or  6  in.  of  the  other  end  were  left  above  water.  A  ;J-in.  iron  rod  was 
inserted  in  this  upper  end  on  which  a  12  by  12-in.  red  or  black  flag 
was  attached  bearing  a  serial  number  in  white.  These  were  set  adrift 
at  the  several  points  in  succession,  beginning  at  about  6  a.  m.  and  con- 
tinuing at  stated  intervals,  by  a  man  in  a  rowboat.  They  were  ob- 
served by  sextant  as  often  as  practicable  from  the  launch,  passing 
from  one  float  to  another  until  dark.  No  attempt  was  made  to  recover 
the   floats,  which  finally  went   down   the  bay   or  grounded   on   shoals. 

In  this  way  150  floats  were  set  adrift  during  an  entire  month, 
May  27th  to  June  26th,  so  as  to  include  all  phases  of  the  moon  and 
tide. 


•  Report,   Baltimore  Sewerage  Copjoilssion,   1897,  Mende-s  Cohes,  Past-President, 
Am.  So<-.  C.  E.,   Chairman. 
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Mr.  A  tide  gauge  was  set  up  at  a  neighboring  light-house  and  a  record 

of  the  tides  and  wind  was  kept  during  the  work. 
The  cost  of  these  observations  was: 

Schooner,  crew,  and  launch $296.98 

Salaries 3Y8.50 

Provisions 53.91 

Coal  for  launch 32.00 

Floats 70.05 

Supplies,  fares,  and  miscellaneous 53.44 

Plotting  traces  of  floats  on  charts. 54.50 

Total $939.38 

On  account  of  the  unseaworthiness  of  the  launch  in  bad  weather 
]0|  days  were  lost. 

By  this  method,  a  large  number  of  observations  were  made  during 
the  day  of  floats  set  out  at  diiferent  points,  at  different  times,  and  at 
different  stages  of  the  tide.  The  records  of  individual  floats  were  not 
very  complete,  nor  were  they  often  continued  beyond  the  day  they  were 
set  adrift,  but,  taken  together,  tbey  indicated  very  graphically  the 
points  likely  to  be  reached  by  floating  matter  starting  from  any  one 
of  the  six  assumed  points  of  outfall. 

They  also  indicated:  (1)  a  general  trend  off  shore  toward  the  main 
ship  channels  and  away  from  the  oyster  beds  which  were  farther  down 
the  bay  and  near  the  shores,  or  in  the  estuaries;  (2)  that  under  rare 
conditions  would  floating  material  set  out  at  the  point  finally  recom- 
mended (2  miles  from  shore)  be  carried  up  the  Patapsco  Kiver  as  far 
as  Sparrows  Point;  and  (3)  that  after  a  continuous  discharge  for  33 
consecutive  hours  sewage  would  be  dispersed  in  all  probability  over 
an  area  of  some  16  sq.  miles,  and  hence  become  thoroughly  diluted. 

The  type  of  float  selected  was  inexpensive  and,  on  the  whole,  satis- 
factory, being  convenient  to  handle  and  but  little  affected  by  the  wind. 
Tests  were  made  with  black,  white,  and  red  flags,  and,  contraiy  to 
expectations,  the  black  was  generally  discovered  most  easily  and  white 
the  least  so,  although  this  depended  on  the  weather.  Red  or  black 
flags,  appearing  the  same  in  the  distance,  were  usually  first  seen  with 
low-power  field  glasses  at  distances  ranging  from  ^  to  1  mile. 

The  New  York  experiments,  taken  up  by  the  writer  in  1908,  were 
conducted  under  quite  different  conditions.*  Considerable  populations 
occupy  the  shores  for  many  miles  along  the  several  watercourses,  and 
the  currents  are  so  swift  as  to  render  useless  any  attempt  to  follow 
any  number  of  floats  with  one  boat.  It  was  decided,  therefore,  to  set 
out  only  one   Hoat  at  a  time  and  observe  its  position  at  frequent  in- 

*  Report,  Metropolitan  Sewerage  Commission  of  New  York,  1910,  George  A. 
Soper,  M.  Am.  Soc.  C.  B.,  President. 
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Fig.   64. — Spar  Float. 


Fig.   65. — Salinometer. 
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tervals  throuffhout    tlio  da  v.     To   avoid  the  loss   of  the  float  by  the    Mr. 

.  Aflen. 

absorption  of  water,  tlie  tlouble-caii  type,  described  by  the  author,  was 

devised.  This  was  found  convenient,  inexpensive,  and  in  general  satis- 
factory, except  that  it  was  easily  destroyed  by  being  run  down  by  tugs 
in  the  crowded  waterways.  Also  the  small  flag  which  it  was  intended 
should  be  carried  by  the  upper  can  made  it  top-heavy,  and,  as  the 
observer  was  never  far  from  the  float,  the  flag  was  finally  omitted  as 
unnecessai-y. 

During  the  following  year  the  longer  "spar"  float.  Fig.  64,  was 
adopted  and  found  well  suited  to  the  conditions  to  be  met.  It  was 
open  to  the  objection  found  with  the  Baltimore  float  of  absorbing  water, 
but,  having  large  submerged  vanes,  the  influence  of  the  wind  was 
relatively  small,  and  there  was  no  objection  in  allowing  the  top  to 
liroject  above  the  water  sufliciently  to  prevent  loss  from  this  cause. 
The  size  of  this  float,  moreover,  permitted  two  lanterns  to  be  carried 
on  a  i-in.  steel  rod  supported  by  a  light  frame  at  a  height  of  some  3  ft. 
or  more  above  the  water  surface,  and  so  it  was  possible  to  follow  the 
float  by  night  as  well  as  by  day.  This  was  found  essential  in  order 
to  secure  the  information  desired. 

l^oeations  in  the  open  water  of  the  bay  were  generally  made  with 
a  s«>xtant.  as  on  the  Chesapeake  Bay  work;  but,  in  the  strong  currents 
of  the  rivers,  and  when  near  the  shore,  where  locations  could  be  identi- 
ried,  an  estimate  of  the  position  noted  briefly  in  the  recorder's  book 
was  found  more  reliable.  The  azimuth  compass  was  used  to  a  limited 
extent  in  taking  bearings  up  or  down  stream  to  objects  not  too  distant, 
sucli  as  bridge  piers,  but  was  found  unreliable  where  the  plotted  posi- 
tion depended  on  the  accuracy  of  the  bearing  from  a  distant  point,  and 
considerable  care  was  required  to  see  that  the  dial  swung  free. 

Although  these  experiments  were  intended  primarily  to  indicate 
the  possible  drift  of  floating  matter,  the  results  have  been  utilized 
in  confirming  or  modifying  existing  values  for  the  velocity  at  strength 
of  tide,  and  for  the  tidal  flow  at  different  points  in  the  harbor. 

Where  current  velocities  at  specific  locations  were  desired,  these 
were  obtained  by  anchoring  at  such  locations  and  noting  the  time 
taken  by  a  double-can  float  to  drift  100  ft.  The  distance  was  measured 
by  a  fine  cord  attached  to  the  float,  and  the  time  by  a  stop-watch. 

In  order  to  obtain  continuous  night-and-day  observations,  three 
motor  boats  were  chartered,  each  with  an  observer  who  was  to  follow 
the  float  for  an  8-liour  shift,  but  the  long  distances  traveled  during  a 
tide,  the  inaccessible  location  of  much  of  the  work,  and  the  prevailing 
fogs  caused  so  great  a  loss  of  time,  and,  in  addition,  it  was  found  so 
difficult  to  maintain  operations  with  small  boats  during  stormy  winter 
weather  in  the  crowded  thoroughfares,  that  a  seaworthy  tug  was  finally 
secured   and  provisioned  for  a   week's  continuous   work.      In   this  way 
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Mr.    floats  were  followed  well  out  into  the  Lower  Bay,  and  there  was  little 
Allen.  ,  J.   ,. 

loss  01  time. 

In  studying  the  circulation  of  water  in  New  York  Harbor  the 
salinometer,*  Fig.  65,  proved  to  be  an  important  adjunct,  indicating 
at  the  same  time  the  specific  gravity  of  the  water  and  its  temperature, 
by  which  the  proportion  of  "normal"  sea  water  could  be  determined 
at  once  by  reference  to  a  diagram.  By  a  series  extending  from  the 
eastern  end  of  Long  Island  Sound  through  the  East  River  to  the  Upper 
Bay,  for  instance,  it  was  shown  by  the  high  salinity  east  of  Hell  Gate 
that  the  waters  of  the  Sound  were  not  those  which  had  come  from  the 
Upper  Bay,  where  the  Hudson  River  causes  the  proportion  of  sea  water 
to  drop  to  60  or  70%,  but  were  essentially  those  of  the  Atlantic  enter- 
ing from  the  east,  and  hence  that  there  exists  a  definite  net  discharge 
to  the  west  and  south  through  the  East  River — a  fact  difiicult  to  prove 
before  Col.  Black's  more  recent  gaugings  were  made. 

*  "The  Use  of  the  Salinometer  in  Studies  of  Sewage  Disposal,"  by  Kenneth 
Allen,   M.   Am.   Soc.   C.   B.,  Journal.   Assoc,  of  Eng.   Societies,  April,   1911. 
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PHY^irAL  VALUATION  OF  RAILROADS. 
Discussion.* 


By  Messrs.  Maurice  G.  Parsons  and  J.  Frank  Aldrich. 


^Iaurice  G.  Parsons,  Jun.  Am.  Soc.  C.  E.  (by  letter). — Valuation,  Mr. 
to-day,  is  the  fashion,  and  rightly  so,  for  only  with  absolute  and  com- 
|)lete  knowledge  of  facts  can  justice  be  done  either  the  consumer  or 
the  producer.  Surely,  this  is  a  great  subject,  large  beyond  the  ability 
of  any  one  commission  which  has  not  the  thorough  support  of  the 
entire  countrs*  and  cannot  rely  absolutely  on  its  assistants.  The  people, 
the  corporations,  and  the  Profession  should  most  heartily  welcome  Mr. 
Wilgus'  paper  as  an  endeavor  to  clarify  valuation  views  more  fully 
and  to  secure  the  co-operation  of  all  concerned. 

It  is  interesting  to  note  that  here,  again,  the  much-discussed  subject 
of  depreciation  has  come  up.  There  is,  perhaps,  more  written  on  this 
pha.se  of  valuation  than  on  any  other,  very  largely  because,  like  will- 
power, it  is  a  sort  of  composite;  depreciation  is  made  up,  in  part,  of 
red  lead,  stomach,  philosophy,  bookkeeping,  obsolescence,  and  the 
methods  of  treatment  throughout.  This  divergence  of  methods  causes 
much  trouble.  Any  one  of  several  logical  processes  will  give  correct 
answers  to  tlie  question  of  depreciation,  although  certain  steps  in  one 
method  may  differ  entirely  from  similar  steps  in  another. 

The  author  has  approached  the  subject  of  physical  valuation  in  the 
large,  showing  that  it  is  not  a  question  of  so  many  yards  of  earthwork, 
so  many  tons  of  stool;  but  thiit  all  parts  of  a  railroad  must  be  com- 
bined, fused,  and  vitalized,  that  they  must  be  made  a  single  working 
machine.  That,  however,  is  not  all;  the  mere  inventory  of  the  physical 
property  (if  one  may  broaden  the  discussion   beyond  the  limit  set  by 

*  This  discussion  (of  the  paper  by  William  J.  Wilgus,  M.  Am.  Soc.  C.  E., 
published  in  May.  191.3.  Prorredinr/s,  and  to  be  presented  at  the  meeting  of 
October  1st,  1913).  is  printed  in  Procct'diniis  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 


Parsons 
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Mr.  the  subject)  is  only  a  small  part  of  the  problem.  Before  a  lioard  can 
rightly  take  from  one  and  give  to  another,  it  must  have  knowledge,  not 
only  of  the  physical  value,  but  of  the  complete  economic  and  financial 
history  of  the  company.  It  must  know  the  total  cost  of  producing  the 
commodity  (which  cost  is  at  times  greatly  in  excess  of  that  of  the 
physical  plant)  and  the  total  profit  derived  from  its  sale.  Promoters 
may  embark  in  hazardous  but  necessary  business  during  hard  times, 
with  the  result  of  large  financial  loss  in  the  early  days ;  then  again 
there  may  be  absolutely  no  risk  connected  with  the  building  up  of  the 
business.  The  development  value  may  be  practically  nil.  On  the  other 
hand,  regardless  of  risks  which  have  been  taken,  subsequent  profits, 
whether  great  or  small,  may  alter  entirely  the  question  of  what  equity 
the  public  has  in  the  business.  The  real  problem  begins  after  the 
physical  valuation  is  made,  and  necessitates  a  complete  knowledge  of 
the  hi.story  of  the  company  and  of  the  financial  and  political  situ- 
ation during  its  life.  As  the  physical  value  must  be  determined  in  a 
broad-gauge  manner,  so  also  the  entire  subject  of  rate-fixing  goes  deeper 
than  mere  consideration  of  physical  value. 

One  question  about  which  the  writer  has  been  thinking  is:  "Where 
may  our  theory  of  valuation  lead  ?"  May  we  not  get  back  to  the  old 
labor  theory  of  value,  which  held,  for  example,  that  if  a  man  pro- 
duced in  one  day  a  clock  which  kept  perfect  time,  whereas  another  man 
labored  eqiially  hard  for  a  hundred  days  in  producing  an  inaccurate 
timepiece,  this  second  man,  nevertheless,  was  entitled  to  one  hundred 
times  as  much  wages  as  the  first  man.  We  cannot  say  that  a  utility 
is  entitled  to  a  fair  profit  on  all  the  investment  \mless  that  invest- 
ment has  been  wisely  made,  and  we  must  judge  past  actions  with 
leniency.  On  the  other  hand,  although  the  best  judgment  may  have 
been  used,  it  is  possible  that  business  has  almost  entirely  disappeared, 
and  that  the  company  is  entitled  to  a  rather  high  rate — ^to  what  the 
traffic  will  bear.  Rates  miist  bear  some  relation  to  the  actual  cash 
value  of  the  service  and  to  a  proper  return  on  judiciously  invested 
capital.  The  germ  of  the  solution  of  this  question  of  policy  (which 
allows  a  fair  return  on  the  actual  investment  which  may  be  con- 
sidered to  measure  the  labor,  and  may  bring  us  back  to  the  old  labor 
theory  of  value),  is  contained  in  the  case  of  Smith  vs.  Ames,  wherein 
it  is  pointed  out  that  the  rates  as  affecting  the  welfare  of  the  cor- 
poration and  the  welfare  of  the  people  must  be  considered  in  the 
light  of  a  complete  history  of  all  conditions.  It  is  to  be  hoped  that 
this  general  broad  subject  will  be  more  elaborately  discussed,  for  on 
that  depends  the  fair  rate.  Necessary  regulation  of  present-day  busi- 
ness gets  us  into  deeper  water  than  the  one-time  automatic  com- 
petition of  small  companies. 

As  the  value  of  a  property  depends  on  the  purpose  for  which  the 
valuation  is  made,  we  have  several  sub-heads  of  valuation.     First  of 


Papois.J      DISCUSSION  ON   I'll  YSICAL  VA  LIATIOX  OK  I;  A  1 1.IJOADS  1455 


Mr. 


these  may  be  mciitioiied  the  physical  value,  determined  by  any  one  of  p^,.^ous. 
several  methods.  Xext.  we  may  place  the  development  or  intangible 
vnlue,  consistinf^  of  various  items  not  properly  appraisable  under  the 
head  of  physical  value,  such,  for  example,  as  promoter's  profit, 
legitimate  costs  of  franchise,  legal  and  engineering  expenses,  certain 
projxTty  rights,  present  value  of  past  deficits,  etc.  Thirdly,  the  busi- 
ness value  is  the  net  income  capitalized  at  the  current  rate  of  interest. 
The  fourth,  or  going,  value  is  sometimes  used  synonymously  for  the 
development  value,  or  again  with  business  value.  It  seems,  however, 
that  this  is  in  reality  a  value  by  itself,  differing  from  those  already 
mentioned,  and  that  it  can  very  properly  be  defined  as  the  difference 
between  the  business  value  and  what  the  same  investment  would  earn 
in  a  bank.  In  other  words,  if  a  capitalist  chooses  to  let  his  money,  lie 
idle — chooses  to  be  unenterprising — he  gets  a  certain  amount  of 
interest.  If,  however,  he  sees  fit  to  invest  this  money  in  a  business, 
to  promote  a  project,  g-uide  it  safely  through  the  development  stage, 
put  it  in  a  good  running  order,  and  make  the  organization  as  a  whole 
a  single  living  unit — a  going  concern — he  is  entitled  to  more  interest; 
he  is  entitled  to  a  fair  return  on  the  investment  under  the  particular 
conditions  which  he  has  met  and  conquered,  and  the  going  value  is 
that  excess  which  the  business  earns  over  and  above  what  the  same 
money  would  earn  had  he  chosen  to  leave  it  in  a  bank.  The  going 
value  might  quite  properly  be  defined  as  the  difference  between  the 
business  value  and  the  idle  value. 

.  J.  Frank  Aldricii,  Esq.  (by  letter). — Mr.  Wilgus'  paper  is  the  Mr. 
"last  word"  on  this  present-day  subject,  and  although  the  writer  will 
confine  his  remarks  to  a  discussion  of  the  land  element  involved,  it  is 
difficult  to  see  how  he  is  going  to  raise  many  issues  in  the  field  covered 
by  this  paper;  for,  after  some  ten  years  of  experience  by  valuation 
engineers  and  a  pretty  general  discussion  of  the  subject,  the  author 
has  succeeded  in  eliminating  a  vast  amount  of  theory  and  undigested 
argument — going  directly  to  the  meat  of  the  proposition — and  from 
his  record  as  a  practical  railroad  builder  and  appraiser  has  evolved 
basic  principles  which  are  both  logical  and  sound.  The  writer  does 
not  mean  by  this  that  the  subject  is  beyond  the  realms  of  controversy 
in  detail,  but  as  to  the  hitherto  mooted  (juestions  of  reproductive  value, 
overhead  charges,  depreciation,  etc.,  the  author  is  most  convincing  and 
in  accord  with  the  best  authorities  on  the  subject. 

As  with  many  propositions  of  professional  interest,  the  opportunity 
exists  for  wide-spread  discussion,  which  is  sometimes  carried  to  a  point 
of  beclouded  mental  vision.  The  sooner  the  subject  reaches  the  prac- 
tical stage — where  justice  to  all  concerned  will  be  the  key-note  of  dis- 
cussion— the  sooner  will  there  be  harmony  of  action  between  those  who, 
on  the  one  hand,  are  honestly  striving  to  do  exact  justice  to  the  general 
public,  and  those  who,  with  equal  zeal,  represent  the  railroads. 
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Mr.  Witli   the    railroads    (it   has  been   suggested)    this   public  valuation 

is  to  be  a  "two-edged  sword,"  for,  if  the  result  is  satisfying  as  a 
basis  for  rate-making,  how  will  it  operate  when  it  comes  to  matters 
of  taxation  ?  The  writer  does  not  agree  with  some  authorities :  that 
there  cannot  be  one  valuation  for  the  one  and  another  valuation  for 
the  other.  Bear  in  mind  that  these  remarks  are  confined,  as 
closely  as  practicable,  to  the  element  of  land  values  (no  inconsiderable 
part  of  the  whole),  and  when  R.  A.  Thompson,  M.  Am.  Soc.  C.  E.  (one 
of  the  Board  of  Engineers  recently  retained  by  the  Interstate  Commerce 
Commission  under  the  Adamson  Act),  asks:  "Is  there  any  logical 
reason  why  a  valuation  for  this  purpose  [the  issuance  of  stocks  and 
bonds]  should  not  also  serve — as  far  as  it  pertains — as  a  basis  for 
taxation  or  for  regulating  freight  rates  ?"  and  again :  "as  far  as  the 
State  is  concerned  and  to  be  consistent  should  not  one  valuation  serve 
all  purposes?"  the  writer  answers,  to  both  queries,  emphatically,  "no"! 
If  an  individual  or  corporation  decides  to  build  a  railroad,  he,  or  it, 
must  acquire  a  right  of  way,  which  it  is  conceded  will  cost  per  acre, 
through  the  country  districts,  from  two  to  five  times  the  normal  acreage 
values  of  adjoining  land.  The  fact  that  it  costs  this  amount  more, 
does  not  make  it  worth  more,  and  it  should  be  assessed  (for  taxation) 
at  what  it  is  worth,  not  at  what  it  has  cost.  The  reasons  for  its  costing 
more  to  the  railroad  will  not  be  discussed  here,  for  that  is  now  axiom- 
atic and  elementary.  It  is  enough  to  say  it  does  cost  more,  as  every 
one  who  has  had  broad  experience  in  buying  right-of-way  property  for 
railroads  knows;  and  it  would  be  a  gross  injustice,  as  well  as  a  blunder, 
to  tax  the  strip  of  land  used  for  right-of-way  purposes  at  its  cost,  say, 
$100  per  acre,  when  the  adjoining  land  is  assessed  at  $25  per  acre. 

Mr.  Thompson  cites  the  Texas  valuation,  where  he  says  his  experi- 
ence as  Appraising  Engineer  for  more  than  10  years  with  the  Texas 
Railroad  Commission  confirms  his  belief  that,  in  the  absence  of  actual 
figures  of  cost,  right  of  way  and  other  real  estate  should  be  appraised 
at  but  little  in  excess  of  the  market  value  of  abutting  property,  and 
adds:  "the  conditions  tinder  which  the  railroads  were  built  in  Michi- 
gan, Wisconsin,  Iowa,  and  Minnesota  cannot  have  been  radically  dif- 
ferent from  those  in  the  southern  and  western  states." 

Now,  let  us  see:  In  the  Michigan  Appraisal*  two  illustrations  are 
given  to  indicate  the  factor  that  should  be  used  for  reproductive  values : 

1. — The  Pere  Marquette  Railroad,  in  Montcalm  County,  paid  an 
average  price  of  $135.19  per  acre,  and  the  1900  appraisal  showed  an 
average  of  $29  per  acre  on  the  918  acres  appraised Factor,  4.66 

2. — The  Grand  Trunk  Railroad  paid  $491.13  per  acre  for  63.2  acres, 
and  the  1900  appraisal  showed  $61.44,  or  only  one-eighth  of  the  actual 
purchase  price Factor  8 

Twenty-three    illustrations    in    fourteen    counties    showed    that    the 

*  Transactions,  Am.   Soc.   C.   E.,   VoL   LXXII,   p.   57. 
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avoragre  cost  of  lands  was  from  230  to  720%  higher  than  the  1900  ap-      Mr. 
praisal,   and   this,   too.   ''after   the   125%    and   fixed   eharges   had   been 
added"  to  the  appraisal  values. 

In  Wisconsin,  the  late  W.  D.  Taylor,  ^M.  Am.  Soo.  C.  E.,  the  State 
Appraiser,  said  ? 

''In  farniino;  lands,  small  towns,  and  suburban  and  residence  prop- 
erty, the  right-of-way  value  was  taken  to  be  250%  of  the  market  value 
for  other  puri)oses."  and  notwithstanding:  Mr.  Thompson's  conclusion 
"that,  in  the  absence  of  actual  figures  of  cost,  right  of  way  and  other 
railroad  real  estate  should  be  appraised  at  but  little  in  excess  of  the 
market  value  of  abutting-  property." 

^Ir.  Tliompson  says:  "For  rural  property,  the  ratios  vised  by  Pro- 
fessor Taylor  in  the  Wisconsin  appraisal  appear  to  be  quite  fair."* 

In  Minnesota,  Appraiser  ^[organ's  findings  (after  employing  several 
special  agents  who  made  a  study  of  transfers  and  assessed  values  over 
the  State)  were,  that  in  the  State  at  large,  exclusive  of  the  St.  Paul, 
^Minneapolis,  and  Duluth  Terminals,  a  multiple  of  3  was  proper,  while 
in  St.  Paul  he  used  1| ;  in  Minneapolis,  1| ;  and  in  Duluth,  1;^. 

Professor  Taylor  thought  city  property  should  be  put  in  at  133% 
of  nuirket  value  in  strips  of  100  ft.  width  or  less,  and  at  110%  where 
the  land  was  owned  in  blocks  or  in  width  greater  than  100  ft.  It  is 
evident,  however,  that  no  "hard  and  fast"  rule  will  apply  to  all  parts 
of  the  country.  Varying  conditions  appear  along  different  lines,  even 
in  the  same  State.    As  stated  by  Henry  Earle  Riggs,  M.  x\m.  Soc.  C.  E.  :f 

"It  is  comparatively  simple  to  fix  within  very  close  limits  the  re- 
production cost  of  tracks,  bridges,  locomotives,  or  any  of  the  otlier  ele- 
ments of  physical  valuations.      Not  so  with  the  land." 

And  again : 

"It  is  impracticable  entirely  to  eliminate  differences  due  to  error  of 
judgment  on  the  part  of  appraisers.  Where  these  differences  do  occur, 
experience  must  be  the  governing  factor." 

Were  the  records  complete,  an  abstract  of  cost  prices  to  the  rail-  • 

roads,  together  with  transfer  considerations  of  adjoining  land,  and 
assessed  valuations,  the  problem  would  be  simi)lified.  but.  except  in  iso- 
lat(Ml  cases,  such  records  are  not  available,  and  the  appraiser  must  be 
guided  in  large  part  by  his  or  others'  experience  in  the  actual  i)urchase 
of  rights  of  way  and  other  real  estate  for  railroad  use.  He  must  be 
fortified  with  ample  local  testimony  as  to  basic  values  and  the  indi- 
vidual knowledge  of  local  real  estate  agents  or  railroad  employees  who 
have  personal  information  as  to  actual  transactions.  When  practicable, 
he  should  examine  recorded  transfers  at  the  county  seats  for  a  number 
of  years  back,  and  take  notes  concerning  the  assessed  valuations  on 
properties  contiguous  to  the  railroad.      All  this  collateral  information, 

•Transactions,  Am.  Soc  C.  E.,  Vol.  LXXII,  p.  205.  "'  ' 

t  Transactions,  Am.   Soc.  C.  E.,  Vol.  LXXII,  p.  139. 
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,,Mi'-  including  the  names  and  addresses  of  local  authorities,  should  he  care- 
fully  preserved  and  indexed  for  ready  reference.  As  Mr.  Wilgus  in- 
dicates— land  valuations  should  be  directed  from  one  central  head,  from 
one  whose  experience  in  acquiring  property  for  railroad  use  (whether 
by  ])urcha.se  or  through  condemnation  proceedings)  has  given  him  the 
fundamentals  which  cannot  be  ignored  in  the  fixing  of  reproductive 
prices. 

The  appointment  of  local  appraisers  has  not  resulted  satisfactorily. 
Fixed  opinions  or  local  prejudices  frequently  exist  among  appraisers  of 
good  repute,  and  lack  of  harmony  is  bound  to  show  in  the  returns.  A 
well-drilled  force  of  assistants,  organized  and  directed  by  the  chief 
appraiser,  will  produce  the  best  results,  and,  as  the  author  well  says, 
"avoid  the  inconsistencies  and  errors  which  are  common  where  the 
work  is  entrusted  to  a  multitude  of  local  men  unversed  in  the  broader 
aspects  of  the  problem." 

That  problem  is :  What  would  it  cost  to  reproduce  for  railroad 
purposes  the  land  and  other  real  estate  now  occupied  by  a  given  rail- 
road— other  conditions  adjacent  to  and  through  the  country  traversed 
by  it  being  as  they  are  at  present? 

It  is  immaterial  that  the  railroad  itself  may  have  been  in  large  part 
responsible  for  the  development  which  its  own  operation  has  brought 
to  the  surrounding  property.  It  is  inconceivable  that  the  added  values 
which  have  come  to  adjoining  lands  owned  by  A,  B,  and  C  should  not 
be  reflected  in  that  owned  by  the  railroad.  The  assessor  certainly 
thinks  it  is.  If  you  are  in  doubt  about  it,  look  up  the  record,  for 
instance,  of  the  increased  assessment  for  1913  on  the  terminal  lands 
of  the  New  York  Central  Railroad  Company  in  New  York  City. 

However,  consider  for  a  moment  the  question  of  "original  cost"  of 
rights  of  way.  Unfortunately,  the  records  of  these  purchases  are  not 
always — in  fact  are  seldom — obtainable.  In  many  cases  they  are  not 
in  existence,  so  that,  to  make  any  practical,  general  use  of  such  data 
•  is  out  of  the  question ;  and,  if  they  were  available,  their  examination 

and  tabulation  would  involve  an  amount  of  labor  hardly  commensurate 
with  their  importance  to  this  subject.  It  will  be  interesting,  however, 
to  give  a  few  examples  which  illustrate  the  elements  to  be  reckoned  with 
by  the  buying  agent  when  he  undertakes  the  purchase  of  rights  of  way. 
A  recent  case  is  that  of  a  road  now  under  construction  just  over  the 
border  line  of  Canada,  which  is  not  dissimilar  to  some  of  those  on  this 
side  of  the  line.  The  road  in  question  is  to  run  along  the  north  shore 
of  Lake  Ontario — through  a  fruit  belt  of  much  the  same  character  as 
that  traversed  by  a  railroad  on  the  south  side  of  the  same  lake.  The 
writer  was  considerably  puzzled  in  fixing  the  reproductive  values  along 
the  latter  line,  for  there  was  but  little  information  available  covering 
the  original  purchases.  The  writer's  assistant  in  that  work  was  en- 
gaged later  in  valuing  the  right  of  way  of  the  railroad  on  the  north 
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side  of  tlio  lako  and  had  access  to  the  records  of  purehaso.      The  twenty-     Mr. 
five  examples.  Table  1,  are  from  that  record.      The  right-of-way  agent  " 
<tates  that  his  estimate  indicates  that  the  cost  of  the  entire  right  of 
way  will  average  between  six  and  eight  times  the  normal  value  of  the 
adjoining  land. 

In  the  examples  given  in  Table  1,  improvements  and  what  may  be 
termed  consequential  damages  are  alone  considered.  The  names  and 
addresses  of  owners  are  known,  but  are  omitted  from  the  table. 

If  the  true  values  of  the  land  alone  were  represented  in  these  data, 
the  reproductive  value  would  be  represented  by  the  percentages  given, 
which,  it  will  be  noted,  run  from  200  to  800,  but  the  right-of-way 
agent  assures  us  that  the  i)rices  allowed  for  the  land  alone  were  fully 
double  their  normal  value. 

It  may  be  said  that  these  are  isolated  cases,  and  represent  but  a  small 
percentage  of  the  entire  right  of  way.  This  is  true  in  part,  but  tlie 
percentage  is  not  as  small  as  might  be  supposed,  on  the  other  hand,  not 
one  of  them  was  a  condemnation  case.  Every  one  was  a  purchase,  in 
which  an  agreement  was  readily  reached  between  the  buyer  and  the 
seller.  Many  owners  are  holding  out  for  extravagant  figures,  and  con- 
demnation proceedings  will  follow;  commissioners  must  be  paid,  and 
attorneys'  fe^s  will  add  to  the  expense.  The  railroads  seldom  "get 
the  best  of  it"  in  cases  of  this  kind,  so  that  we  may  fairly  conclude  that 
the  right-of-way  agent's  estimate  of  600  to  800%  in  this  instance  fairly 
indicates  the  ultimate  cost  to  the  company. 

A  case  in  point  to  illustrate  how  difficult  it  may  be  for  the  ap- 
l>raiser  to  arrive  at  a  fair  value — or  rather  cost — of  right  of  way.  came 
under  the  writer's  notice  in  appraising  the  lands  of  the  West  Shore 
Kaih-oad  in  1911.  His  assistant  had  gone  over  the  road  in  advance, 
and  reported  an  average  valuation  of  the  lands  between  West  Haver- 
straw  (north  of  Haverstraw  proper)  and  Cornwall  at  from  $100  to  $300 
per  acre,  basic,  and  had  placed  a  reproductive  value  on  it  at  from  $300 
to  $750  per  acre.  The  writer  questioned  his  figures,  and  went  into  the 
nuitter  carefully.  ^Mueh  of  this  right  of  way  runs  along  the  Hudson 
River  at  the  foot  of  precipitous  mountain  sides — in  fact,  practically  all 
of  that  which  is  in  Orange  County.  Railroad  construction  there  was 
most  difiicult.  Above  West  Point  there  would  seem  to  be  but  little 
actual  value  in  the  land.  Fortunately,  the  writer  was  given  access  to 
tlie  records  of  purchase  (made  in  1886)  and  was  dumbfounded  to  find 
the  total  cast  of  these  lands  to  be  as  given  in  Table  2. 

The  explanation  of  the  high  figures  in  Table  2  is  to  be  found  largely 
in  the  consequential  damages  due  to  severance,  as  the  river  was  cut  off 
from  large  estates  by  a  railroad  right  of  way  at  grade. 

Another  example  which  came  under  the  writer's  observation  was  on 
the  Lehigh  Valley  Railroad  near  the  Town  of  Wysox,  Pa.,  where  it 
became  necessary  to  buy  a  house  and  lot  to  gain  an  additional  20  ft.  of 
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TABLE  1. 

Example  No. 

Total  cost. 

Percentage. 

$200.00 
300.00 
350.00 

$800 

1  200 

350 
450 

350 
550 
370- 

750 
450 

500 

1  500 

2  500 

460 

380 

(Crossing  reserved) 

$400 

2            

300.00 
135.00 
525.00 

250.00 

(Crossing  reserved) 

Fruit  trees 

400 

3 

125.00 
100.00 
50.00 
75.00 

Angling:  field 

{ Timber  reserved ) 

2.25  acres  of  land 

280 

4                  

135.00 
215.00 
100.00 

Angling  farm 

(Timber  reserved) 

333 

5 

116.00 

100.00 

125.00 

9.00 

Moving  fence 

300 

6    . 

247.50 
100.00 
150.00 
.'12.50 

Water  cut  off        

223 

7 

131 .25 

125.00 

100.00 

13.75 

Fall  wheat 

282 

8 

360.00 

200.00 
150.00 
40.00 

O..    ........    .^y,.. 

Water  cut  off                  

208 

9 

150.00 
150. (K 
150. (H 

Angling  and  changing  fences 

3<J0 

Land 

10 

200.00 
100.00 
200. 0(J 

Crossing  inconvenience 

Rocky  land— crossing  reserved 

2.50 

n. ...,. 

550.00 

900.00 

50.00 

273 

12 

200.00 

600.00 

1  600.00 

House  and  shop 

80  trees 

833 

13 

100.00 

250.00 

60.00 

50.00 

100.00 
280.00 

460 

14 

;i80 

b 
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Mr. 
Aldrich. 


Example  No. 


House  and  land $150.00 

20  fruit  trees 450.00 


1 .  72  acres  of  land 525 .00 

Apple  trees 1  080.00 

Berry  patch 395.00 


3.03  acres  of  land. 
Apple  trees 


600.  (K) 
900.00 


1  .bS acres  of  land 

Apple  trees 

jln  lieu,  farm  crossing. 


200.00 

450.00 

50.00 


1 .15  acres  of  land 

!  Apple  trees 

I  Berry  bushes 

In  lieu,  farm  crossiug . 


3.17  acres  of  land. 

Water 

Inconveniece 

Crossing  railway. 


150.00 
2.50.00 
.50.00 
.50.00 


1 .5  acres  of  land. 

Apple  trees 

Strawberries  — 
Damages 


455.00 
300.00 
145.00 
100.00 


210.00 
175.00 
150.00 
65.00 


3.1  acres  of  land 465.00 

In  lieu,  farm  crossing 100.00 

Deep  cut  through  orchard 158.00 

66  large  apple  trees 1  452.00 

small  apple  trees 175.00 


Land,  3.95  acres 

Damages  for  cutting  off  water. 
Damages  for  crossing  track — 


Total  cost. 


Percentage. 


450.00 

a50.oo 

200.00 


1  ..37  acres  of  land 

House 

35  apple  trees 

Well 

Removing  barn 

17  plum  and  pear  trees. 

0.92  acres  of  land 

27  fruit  trees 

Strawberries 

Damages  to  building  — 


400.00 
3(X».00 
2.50.001 

100.00 
80.00, 

70.oo! 


200. OOi 
540.001 
100.00 

100. oo; 


yooo 

2  0(K) 
1  .5(H)' 

700 


6(K) 


2  3.50 


1  200 


S4(K( 
2.50 


220 


286 


300 


TABJ.E  2. 


Town. 

Acres. 

22.45 
104.77 
105.26 

35.78 

Cost. 

Average  cost 
per  acre. 

$56  195 
187  670 
183  985 
71530 

$2  500 

stony  Point 

Highland 

Cornwall 

1  m) 

1  8fX) 
2000 

Not  any  of  this  land  is  in  West  Point,  which  is  a  Government  reservation.    This  com- 
pany occupies  uniler  a  lease  from  the  General  Government. 
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Mr.  width  for  the  right  of  way.  The  sum  paid  for  this  property  was 
■  $10  000,  and  the  house  with  the  remainder  of  the  property  was  sold 
for  $5  000,  making  the  20-ft.  strip  (worth  normally  perhaps  $500),  cost 
the  Railroad  Company  ten  times  its  actual  value.  "Consequential 
damages,"  it  will  be  perceived,  is  no  small  matter  in  railroad  construc- 
tion. A  whole  chapter  might  be  given  to  this  subject  in  view  of  the  im- 
portant and  growing  demand  for  the  elimination  of  grade  crossings. 
One  example  alone,  which  came  under  the  writer's  notice,  may  suffice 
for  illustration.  The  New  York  Central  Railroad  paid,  as  its  share, 
$3  132.98  and  $32  592.87,  respectively,  for  these  eliminations  at  Seneca 
Street  and  William  Street,  in  Buffalo.  The  total  awards  for  these 
two  crossings  amounted  to  $7  531  and  $65  185.63,  respectively. 

"Franchises  and  Street  Crossings"  is  another  branch  of  this  subject 
to  which  much  space  might  be  given,  but  it  is  not  the  intention  at  this 
time  to  discuss  any  of  these  matters  extensively.  The  writer  has  tried  to 
give,  as  briefly  as  possible,  some  of  the  reasons  "for  the  faith  that  is  in 
him,"  and  has  given  a  few  examples  which  have  come  to  him  through 
experience  in  this  work  to  justify  that  faith. 

The  commonly  accepted  method  of  arriving  at  franchise  value, 
through  gross  earnings  and  revenue,  will  hardly  apply  to  railroad  cor- 
porations, and  it  is  perhaps  of  questionable  propriety  that  any  account 
should  be  taken  of  corporate  franchise  when  applied  to  its  charter. 
With  this  the  writer  has  nothing  to  do;  but,  to  ignore  the  element  of 
value  which  applies  to  local  franchises  or  rights  to  occupy  or  cross 
streets  and  highways,  or  even  streams,  would  hardly  be  sound.  Has 
the  Park  Avenue  franchise,  granted  many  years  ago  to  the  Harlem 
Railroad  for  an  entrance  into  New  York  City,  no  appraisal  value  ?  Has 
the  franchise  which  permits  the  New  York  Central  and  Hudson  River 
Railroad  Company  to  occupy  Washington  Street,  Syracuse,  for  a  dis- 
tance of  1.2  miles  no  value? 

The  cost  of  a  private  right  of  way  through  either  New  York  City 
or  Syracuse,  at  the  time  these  rights  were  granted,  would  have  been 
comparatively  insignificant.  What  is  the  right  of  way  through  the 
heart  of  Syracuse  worth  to-day,  and  how  many  millions  of  dollars 
would  it  take  to  purchase  a  private  entrance  to  42d  Street  from  the 
Harlem  River  (more  than  4  miles)  if  it  had  to  be  bought  to-day  ?  It 
might  have  been  acquired  for  considerably  less  than  $1  000  000  then 
—could  it  be  duplicated  for  $25  000  000  now  ?  Is  genius  and  foresight 
to  have  no  credit  for  risks  of  failure  taken  fifty  or  more  years  ago? 
Should  capital  invested  in  this  particular  line  of  business  be  singled 
out  for  attack  and  be  deprived  of  the  same  natural  benefits  which  come 
to  other  investments  made  in  the  same  period? 

The  general  rule  to  be  followed  in  arriving  at  a  just  value  of  the 
space  occupied  by  a  railroad,  at  a  street,  or  highway,  or  navigable 
stream  crossing,  is  to  multiply  the  average  value  of  the  abutting  prop- 
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erty  on  both  sides  by  the  area  and  divide  by  two,  on  the  theory  of     Mr. 

AJdrich 
joint  occupancy  by  two  interests — the  public  and  the  railroad.      If  the 

crossing:  be  occupied  by  three  interests  (whether  at  s'rade  or  otherwise) 
then  the  divisor  is  3,  and  so  on.  The  same  rule  will  apply  to  street 
or  highway  occupancy  along  and  through  the  streets,  unless  sole  occu- 
pancy of  a  given  space  is  enjoyed  by  the  railroad,  when,  if  the  right 
is  perpetual,  full  value  is  taken. 

Rights  of  way  along  and  through  streets,  not  at  grade,  should  be 
estimated  at  one-third  the  value  of  the  surface  land. 

These  rules  are  quite  general,  and  have  been  adopted  as  the  result 
of  careful  thought  and  analysis  growing  out  of  study  and  experience 
in  this  feature  of  the  work.  All  crossings  not  at  grade  are  attended 
by  increased  cost  of  construction  to  the  railroads,  and,  if  at  grade,  the 
cost  of  watchmen,  or  otherwise  safeguarding  them,  puts  an  added 
burden  on  the  railroad.  If  further  justification  be  needed  for  includ- 
ing a  value  for  public  crossings  in  this  estimate,  it  should  be  remem- 
bered that  revenue  is  based  on  mileage  to  a  large  extent,  and  that, 
therefore,  the  value  of  every  foot  of  right  of  way  should  be  properly 
considered  in  some  logical  manner. 

As  to  Avhat  lands,  if  any,  owned  by  a  railroad  company  are  to  be 
eliminated  from  consideration— in  the  matter  of  rate-making,  for  in- 
stance, the  appraiser  has  nothing  to  do — that  is  a  question  for  the 
Interstate  Commerce  Commission  and  the  railroad  company  to  settle. 
It  is  the  appraiser's  business  to  appraise  all  the  lands  of  the  company, 
and,  in  fixing  his  value,  to  differentiate  between  lands  actually  in  use 
or  needed  for  the  operation  of  the  railroad,  and  those  which  have  been 
abandoned,  such  as  depleted  gravel  pits,  parts  of  original  right  of  way, 
and  even  where  surplus  land  has  been  acquired  for  future  yard  exten- 
sions. 

It  may  be  contended,  for  instance,  that  houses  erected  by  the  com- 
pany, or  purchased  by  it,  for  housing  employees  in  the  vicinity  of  shops 
or  transfer  yards,  is  not  real  estate  proper  to  be  included  in  a  valua- 
tion for  rate-making  or  of  consideration  in  the  issuance  of  the  com- 
pany's securities.  However  that  may  be,  it  will  not  affect  the  method 
to  be  used  in  its  appraisal.  It  is  "outlying"  property,  in  any  event. 
The  company  would  not  be  confined  to  one  i)articular  location  for  such 
facilities,  and  its  reproductive  value  would  be  the  bare  value  of  the 
land  and  the  present  depreciated  (if  any)  value  of  the  houses.  Ex- 
hausted gravel  beds  or  abandoned  right  of  way  would  in  most  cases  . 
have  but  nominal  value.  Many  similar  instances  could  be  mentioned, 
but  common-sense  judgment  in  most  instances  will  govern.  Large 
tracts  of  land  purchased  for  yards,  water  supply,  etc.,  are  ordinarily 
acquired  at  a  smaller  figure,  relatively,  than  right-of-way  strips;  on  the 
other  hand,  "plottage"  is  an  element  to  be  considered,  particularly  in 
cities^  so  that  no  fixed  rule  will  apply. 
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Mr.  The  question  of  land  or  money  donations  can  be  disregarded,  for 

two  reasons :  First,  because  property  is  property  always,  and  whether 
the  railroad  company  or  an  individual  has  acquired  lands  without 
monetary  consideration,  or  at  a  low  figure,  or  as  part  consideration 
for  the  risks  of  investment,  its  value  is  an  entity  and  cannot  be  ignored. 
^  either  by  the  assessor  or  by  the  stockholder.  Second,  the  practice  of 
donations  is  a  thing  of  the  past — and  we  are  dealing  with  the  present. 
As  part  of  the  "original  cost" — that  is  another  proposition.  There  is 
no  special  rule  for  appraisal  based  on  population  that  will  apply.  This 
will  be  disclosed  by  conferences  with  real  estate  men  in  different  parts 
of  the  system.  The  attitude  of  owners  will  be  found  to  be  widely  dif- 
ferent in  different  places,  but  it  will  be  found  to  be  very  nearly  axiom- 
atic that  the  more  valuable  the  land  required,  the  less  the  size  of  the 
factor  which  should  be  used  to  indicate  its  reproductive  cost.  This 
becomes  evident  when  the  company  negotiates  for  a  right-of-way  strip 
through  waste  lands.  An  acre  held  by  an  owner  here,  or  a  few  acres 
by  another  owner  there,  may  be  worth  only  $5  or  $10  an  acre,  but,  un- 
less the  wily  farmer  can  get  $50  per  acre,  it  will,  as  a  rule,  go  to  con- 
demnation, where  the  expenses  will  surely  bring  the  cost  up  to  the 
holding  price. 

Before  leaving  this  subject,  the  writer  should  perhaps  mention  one 
or  two  additional  examples  to  illustrate  what  has  preceded.  The  normal 
value  of  land  in  Jersey  City,  where  one  of  the  shorter  branches  of  the 
Lehigh  Valley  Railroad  crosses  the  main  line  of  the  Pennsylvania  Rail- 
road, is  60  cents  per  sq.  ft.,  but  it  cost  the  former  company  $3  per  sq. 
ft.  to  acquire  an  easement  under  the  latter  line  (through  Court  proceed- 
ings, if  the  writer  remembers  correctly),  and  later  the  Pennsylvania 
Railroad  Company  paid  the  same  price  for  a  portion  of  the  Lehigh 
Valley  property  at  the  same  point. 

At  another  point,  in  Bayonne,  it  cost  the  Lehigh  Valley  Railroad 
$1.50  per  sq.  ft.,  when  the  normal  values  at  that  point  were  25  cents 
\)ev  sq.  ft.  In  Joliet,  111.,  the  foHowing  case  came  under  the  writer's 
observation :  The  right  of  way  of  the  Rock  Island  Road  was  relocated, 
and  it  became  necessary  to  tear  down  a  5-story  hotel  building,  worth 
approximately  $100  000.  An  appraiser,  going  over  the  line  in  later 
years,  might  have  no  knowledge  of  this,  and  no  consideration  would  be 
given  to  it,  yet  it  was  a  part  of  the  cost  to  that  railroad.  In  fact, 
other  buildings  at  this  point  were  either  totally  obliterated  or  there 
•  were  consequential  damages  amounting  to  several  hundred  thousand 
dollars;  and  these  are  by  no  means  isolated  cases.  Therefore,  if  the 
records  were  in  all  cases  intact,  a  valuation  based  on  "original  cost," 
would  be  quite  as  satisfactory  to  the  railroads  as  any  reproductive 
valuation  that  could  be  made. 

There  are  other  elements  of  interest  which  enter  into  a  proper  con- 
sideration of  the  question.      The  rather  perplexing  problem  of  fixing 
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a  fair  valuation  on  docks,  jiiers,  and  water-front  terminals  will  not  be     Mr. 
discussed  at  this  time,  nor  the  asset  value  of  the  virile  railroad  organ- 
ization, which  only  time  and  a  high  order  of  executive  control  develops. 

The  "Physical  Valuation  of  Kailroads,"  as  a  science,  is  still  in  its 
infancy.  The  Courts  probably  appreciate  this,  and  will  no  doubt  be 
intiuenced  in  their  rulings  by  the  results  which,  as  time  goes  on,  will 
be  worked  out  by  engineers  and  students  who  are  giving  their  time  to 
the  solution  of  these  problems. 

The  Snpreme  Court  decision  in  the  Minnesota  Rate  Case  was  an- 
nounced just  as  the  foregoing  had  been  w'ritten,  and,  after  a  careful 
reading,  the  writer  finds  no  good  reason  for  changing  the  views  which 
he  has  just  expressed.  It  does  not  seem  possible  that  the  land  features 
involved  could  have  been  properly  presented  to  the  Court.  Like  others 
who  have  discussed  this  problem,  it  does  not  differentiate  between  the 
terms  "Value"'  and  "Cost."     The  Court  says: 

"It  is  at  once  apparent  that,  so  far  as  the  estimate  rests  upon  a 
supposed  compulsory  feature  of  the  acqiiisition,  it  can  not  be  sustained," 
and  again,  "it  is  also  said  that  this  price  would  be  in  excess  of  the  pres- 
ent nuirket  value  of  contiguous  or  similarly  situated  property,"  but 
(it  adds)  "supposing  the  railroad  to  be  obliterated  and  the  lands  to  be 
held  by  others,  the  owner  of  each  parcel  would  be  entitled  to  receive 
on  its  condemnation  its  fair  market  value  for  all  its  available  uses  and 
purposes,"  and : 

''^foreover.  it  is  manifest  that  an  attempt  to  estimate  what  would 
be  the  actiial  cost  of  acquiring  the  right  of  way,  if  the  railroad  were 
not  there,  is  to  indulge  in  mere  speculation"  and  "the  values  of  prop- 
erty along  its  line  largely  depend  upon  its  existence"  and,  finally, 
"the  assumption  of  its  nonexistence,  and  at  the  same  time  that  the 
values  that  rest  upon  it  remain  unchanged,  is  im]iossible  and  can  not  be 
entertained." 

All  of  these  arguments,  with  the  exception  perhaps  of  that  con- 
tained in  the  last  stanza,  have  been  anticipated,  and  have  been  fairly 
met  in  the  writer's  consideration  of  the  subject  up  to  this  point.  There 
is  force  in  the  proposition  that  values  based  on  present  conditions  might 
not  obtain,  in  the  event  of  the  non-existence  of  the  right  of  way.  The 
argument  is  that  the  railroad,  having  been  long  established,  has  created 
values  based  on  its  very  existence.  Their  determination,  the  Court 
holds,  would  be  "wholly  beyond  reach  of  any  process  of  rational 
determination."  Much  might  be  said  on  this  phase  of  the  question, 
but.  the  writer  thinks,  it  is  susceptible  of  demonstration  that,  as  a  rule, 
railroad  terminals  in  cities  tend  to  depreciate  the  value  of  contiguous 
property.  Good  examples  of  this  may  be  found  in  Chicago  and  Buf- 
falo, where  real  estate  men  know  that  the  least  desirable — and  conse- 
quently those  which  have  the  lowest  values — are  those  properties  which 
surround  the  railroad  terminals.  The  writer  knows  of  no  city,  in  fact, 
where  this  does  not  apply. 


Mr. 
Aldrich. 
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The  location  of  a  railroad  right  of  way  through  the  country  is  usu- 
ally determined  by  natural  laws,  and  the  farm  values  affected  by  its 
construction  extend,  ordinarily,  for  some  distance  on  either  side  of  it, 
but  farmers  state  that  the  effect  of  the  building  of  the  right  of  way 
immediately  adjacent  to  their  property  is  to  depreciate  its  value,  and 
testimony  of  this  nature  is  commonly  accepted  in  condemnation 
proceedings. 

Heretofore,  the  generally  accepted  theory  has  been  that  reproduc- 
tive values  should  be  based  on  the  present  market  value  of  contiguous 
property,  plus  whatever  increment  experience  and  available  data  might 
indicate  as  proper  to  add  to  bring  it  up  to  its  actual  cost  to  the  com- 
pany. Subject  to  any  further  review  of  the  question  by  the  Court  of 
last  resort,  its  recent  decision  must  stand,  but  this  does  not  preclude 
testimony  as  to  actual  cost.  The  unfortunate  situa,tion  is  thereby 
created,  however,  of  making  it  possible  for  a  company  owning  a  line 
constructed  in  recent  years  to  produce  and  get  the  benefit  of  such  testi- 
mony, while  the  records  of  older  lines  may  not  be  available.  Records 
of  land  purchases  for  many  of  the  Southern  roads,  for  example,  are  said 
to  have  been  destroyed  during  the  Civil  War. 

A  valuation  of  these  properties,  based  on  market  prices  of  adjoining 
lands,  might  and  probably  would  result  in  great  injiistice  to  them.  The 
Court  refers  to  this  added  increment  as  one  "over  all  outlays  of  the 
carrier  and  over  the  values  of  similar  land  in  the  vicinity,''  and  says: 

"It  is  an  increment  which  can  not  be  referred  to  any  known  criterion, 
but  must  rest  on  a  mere  expression  of  judgment  which  finds  no  proper 
test  or  standard  in  the  transactions  of  the  business  world.  It  is  an 
increment  which  in  the  last  analysis  must  rest  on  an  estimate  of  the 
value  of  the  railroad  use  as  compared  with  other  business  uses." 

Herein,  the  writer  thinks,  the  Court  is  again  at  fault,  if  it  applies 
the  principle  to  railroad  valuations  generally.  In  the  important  rail- 
road land  valuations  made  by  the  writer,  he  has  never  considered  "rail- 
road use"  as  an  element  of  .valuation,  nor  has  he  heard  that  term  used 
in  this  connection.  It  is  not  railroad  use,  it  is  not  alone  value,  but 
it  is  cost  that  justifies  the  use  of  the  added  increment  in  making  these 
appraisals.  The  latter  are  not  used  to  cover  "hypothetical  outlays." 
as  the  Court  asserts,  but  are  based  on  sound  reasoning  born  of  experi- 
ence and  fortified  with  enough,  if  not  all,  actual  cases  to  justify  this 
conclusion. 
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W.  E.  Adenev,  Es(^  (by  letter). — In  this  paper  Professor  Phelps  Mr. 
does  not  offer  any  additional  experimental  evidence  in  support  of  the  ^'^^Y- 
formula  which  Col.  Black  and  he,  in  their  Joint  Report  of  1911  to  the 
Board  of  Estimate  and  Apportionment,  have  proposed  for  calculating 
the  rate  at  which  de-aerated  waters  become  re-aerated,  when  exposed 
to  natural  conditions,  in  terms  of  time,  depth,  initial  dissolved  oxygen 
content,  and  the  diffusion  coefficient  of  dissolved  oxygen  in  water. 

The  fundamental  conception  underlying  this  formula  is  that  the 
re-aeration  of  de-acrated  waters  is  effected  by  the  absorption  of  oxygen 
by  the  layer  of  water  exposed  to  the  air;  that  the  subsequent  trans- 
mission of  the  dissolved  oxygen  throughout  the  underlying  masses 
of  water  takes  place  strictly  in  accordance  with  Fick's  law  of  diffu- 
sion ;  and  that,  as  far  as  appreciable  effects  are  concerned,  no  other 
natural  agency  or  factor  need  be  considered. 

The  only  experimental  evidence,  which  the  authors  have  advanced 
in  arriving  at  their  proposed  formula,  are  some  figures,  which  they 
have  put  forward  as  indicating  the  diffusion  coefficients  of  dissolved 
oxygen  in  distilled  water  at  certain  stated  temperatures.  These  figures 
have  been  determined  by  a  method  which  the  authors  of  the  formula 
designed  especially  for  the  purpose,  but  the  working  details  of  which 
have  only  been  slightly  indicated  in  the  report  referred  to. 

The  experimental  difficulties  in  the  way  of  determining  accurately 
the  coefficients  of  dissolved  gases  in  water  are  very  great,  and  Hiifner, 
so  far  as  the  writer  knows,  is  the  only  observer,  among  the  few  who 


•  This  discussion  (of  the  paper  by  Earle  B.  Phelps,  Assoc.  Am.  Soc.  C.  E., 
published  in  March,  1913,  Procecdinijs.  but  not  presented  at  any  meeting),  is 
printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before 
all   members. 

t  Author's   closure. 
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Ml-,      have   ventured   into   this   field    of   investigation,    who   has    endeavored 
^°^^'  successfully  to  overcome  the  most  serious  of  these  difficulties. 

The  writer  has  already  pointed  out,  in  Section  II  of  the  Report 
which  he  had  the  honor  of  presenting  to  the  Metropolitan  Sewerage 
Commission  of  New  York  in  1911,  that  the  method  in  question  does 
not  determine  the  diffusion  coefficient,  but  the  rate  of  re-aeration  of 
the  water  experimented  with  by  quite  a  different  factor,  that  is  to  say, 
by  the  downward  "streaming"  of  dissolved  oxygen  from  the  exposed 
surface  of  the  water;  and,  inasmuch  as  the  water  vised  by  Col.  Black- 
and  Professor  Phelps  in  their  experiments  was  not  distilled,  but  con- 
tained decided  quantities  of  mineral  matters  in  solution,  this  "stream- 
ing" process  must 'have  been  very  rapid,  with  the  result  that  the  values 
which  they  obtained  for  the  diffusion  coefficients  in  distilled  water  were 
very  much  too  high. 

A  rough  estimate  of  the  relative  rates  at  which  columns  of  de- 
aerated  sea  water  may  become  re-aerated,  by  (a)  downward  ''stream- 
ing" from  the  surface  exposed  to  the  air,  and  (/))  by  true  diffusion 
in  accordance  with  Pick's  law,  may  be  obtained  from  the  results  of 
an  experiment  which  the  writer  has  described,  as  follows  :* 

"A  U-shaped  tube,  each  limb  1  600  mm.  long  and  50  mm.  diameter, 
was  filled  with  boiling  sea  water  and  immediately  closed  air-tight  with 
indiarubber  corks.  When  the  water  had  cooled,  the  tube  was  further 
exhausted  by  means  of  a  mercury  pump.  One  limb  was  then  uncorked, 
and  the  water  in  it  saturated  with  atmospheric  gases  by  a  current  of 
air  drawn  through  the  surface-layer  to  a  depth  of  50  mm.  for  48  hours. 
After  this,  a  sample  was  drawn  from  the  bottom  of  the  open  limb, 
and  one  from  the  lower  portion  of  the  closed  limb,  about  200  mm, 
from  the  bottom.  The  gases  were  extracted  from  these  and  the  nitro-' 
gen  in  each  determined,  with  the  following  results  [expressed  in  cc; 
at  0°  C,  and  760  mm.  bar.,  per  liter]  : 

Open  Limb.  Closed  Limb. 

12.12  1.49  : 

Six  months  later  another  sample  was  collected  from  the  lower  portion 
of  the  closed  limb,  as  before,  and  the  nitrogen  in  it  determined ;  it 
was  1.73." 

These  results  show  clearly  that,  though  the  re-aeration  of  a  column 
of  de-aerated  sea  w^ater,  1  600  mm.  deep,  and  of  uniform  density,  ip 
relatively  rapid,  so  that  it  may  be  completely  saturated  with  air  in 
48  hours  when  evaporation  freely  occurs  from  the  surface,  it  is  so 
extremely  slow  when  dependent  on  simple  diffusion,  tha.t  it  may  be 
altogether  neglected  in  considering  (juestions  of  the  re-aeration  of 
sewage-polluted  tidal  waters.  It  may  be  noted  that  the  temperature 
of  the  laboratory  during  the  first  two  days  of  the  experiment  described 
varied  between  10°  and  12°  cent. 

*  Section  I  in  Appendix  VI  to  the  British  Royal  Commission's  Fifth  Report,  p.  60. 
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Professor   Phelps   hiinself  has  athiiitted   that   his   method   is   faulty.      Mr. 
„    ,  .  .....  Adeney. 

Ou  paye  340*  lie  states  in  reply  to  the  writers  criticisms: 

"There  are  admittedly  imperfections  in  the  process,  and  the  results 
are  not  of  extreme  scientific  accuracy.  For  this  rea.son,  the  work,  which 
was  orifrinally  carried  out  as  a  contribution  to  pure  science,  was  not 
puhlished  as  such." 

By  way  of  self-defense,  he  continues  to  remark  that  the  accuracy 
of  the  method  is  sufficient  "for  an  engineering  discu-ssion  involving 
.so  many  unknown  factors,  as  does  the  New  York  Harbor  problem." 

Surely,  the  problem  of  determining  accurately  the  diffusion  coeffi- 
cients of  dissolved  oxygen  in  water  cannot  be  placed  under  the  cate- 
gory of  "involving  so  many  unknown  factors."  The  conditions  neces- 
sary for  the  accurate  determination  of  the  diffusion  coefficients  in 
question  are  certainly  quite  well  understood,  although  it  may  not 
be  easy  experimentally  to  ensure  them;  and,  inasmuch  as  the  whole 
superstructure  of  the  formula  depends  on  the  accurate  determination 
of  these  diffusion  coefficients,  the  writer  ventures  to  express  the  opinion 
that  Professor  Phelps  would  have  been  well  advised  had  he  submitted 
a  detailed  description  of  his  method  to  the  consideration,  in  the  ordi- 
nary way,  of  his  brother  chemists,  before  applying  it  to  the  solution 
of  a  problem  of  such  wide  and  far-reaching  importance  as  that  of 
New  York  Harbor,  jfffecting,  as  it  does,  the  well-being  of  many  millions 
of  people,  as  well  as  the  interests  of  a  vast  and  rapidly  growing  com- 
mercial center.  Had  he  done  so,  he  no  doubt  would  have  had  the 
benefit  of  the  criticisms  of  other  workers,  and  would  not  have  been 
left  long  in  doubt  as  to  the  nature  of  the  "unknown  factor"  which  has 
vitiated  his  coefficient  determinations.  The  writer  ventures  to  think 
that  he  has  given  the  true  explanation  of  this  unknown  factor,  in  his 
criticismsf  of  the  method,  in  which  he  ha.s  shown  that  the  experimental 
basis  of  that  method  is  quite  erroneous. 

Professor  Phelps  complains  (page  051*)  that  the  writer  has  not 
suggested  a  general  expression  applicable  to  the  calculation  of  the 
average  rate  of  re-aeration  of  tidal  waters  by  "streaming."  This  was  ' 
not  done,  because,  to  have  attempted  anything  in  the  way  of  a  working 
formula  for  the  purpose,  he  would  have  had  to  follow  the  very  un- 
desirable course  of  making  broad  assumptions,  for  which  there  exists 
at  present  no  scientific  basis.  In  fact,  he  would  have  had  to  follow 
the  course  which  he  complains  that  Col.  Black  and  Professor  Phelps 
have  adopted  in  arriving  at  their  proposed  formula.  The  writer  is 
quite  willing  to  admit  that  such  a  course  would  be  warranted  for  the 
purpose  of  raising  a  discussion  on  the  question,  if  restricted  to  pui*ely 
scientific   interest,  but  certainly  not   in   connection  with  one  of  such 

*  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1913. 

+  Report  to  the  Metropolitan  Sewerage  Commission  of  New  York,  1911,  p.  83. 
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Mr.  vast  practical  importance  as  that  of  the  powers  possessed  by  the  tidal 
-  ®°®y-  waters  of  New  York  Harbor  for  the  disposal  of  sewage  matters,  within 
limits  of  safety  to  public  health,  and  to  the  amenities  of  their 
surroundings. 

The  writer  has  preferred  to  follow  the  usual  custom  by  publishing 
a  description  of  his  experiments  on  "streaming,"  although  they  were 
simply  pioneering  experiments,  and  has  to  acknowdedge  that  he  has 
received  the  benefit  of  some  helpful  criticism  from  Professor  Phelps. 
He  gladly  takes  this  opportunity  of  expressing  his  appreciation  and 
thanks  for  that  criticism.  The  writer  has  also  to  express  his  indebted- 
ness to  Professor  Phelps  for  pointing  out  that  the  results  of  his  ex- 
periments do  not  bear  the  precise  and  general  value  that  has  been 
placed  on  them  by  some  writers  in  the  United  States,  because,  as  al- 
ready stated,  they  are  only  of  a  pioneering  character,  and  are  neces- 
sarily only  true  for  the  conditions  of  the  particular  experiments 
described. 

The  fact,  however,  that  the  proposed  foi'mula  rests  on  an  erroneous 
experimental  basis,  is  not  the  only  serious  objection  that  may  be  urged 
against  the  position  that  has  been  taken  by  Col.  Black  and  Professor 
Phelps  on  this  question  of  re-aeration. 

With  reference  to  the  particular  question  of  the  re-aeration  of  tidal 
waters.  Professor  Phelps  assumes  that  the  same  factors  obtain  with 
sea  water  as  with  fresh  water,  and  that  it  is  effected  solely  by  diffu- 
sion, according  to  Pick's  law,  from  the  exposed  surface  downward. 

According  to  Professor  Phelps'  strongly  expressed  opinion,  how- 
ever, the  surface  layers  of  inshore  tidal  waters  are  fresher  by  reason 
of  admixture  with  land  waters,  and,  therefore,  less  dense  than  the 
heavier  salt  water  below.  In  other  words,  the  layers  of  water  con- 
cerned in  actually  dissolving  oxygen  from  the  air,  for  subsequent 
diffusion  below,  are  less  dense  than  the  lower  layer  of  the  water.  Not- 
withstanding this.  Professor  Phelps  assumes  that  diffusion  will  pro- 
ceed according  to  Pick's  law,  just  as  it  would  were  the  water  of  uniform 
density  throughout  its  depth.  Again,  he  gives  no  experimental  data 
in  proof  of  this,  and  the  writer  knows  of  none  himself.  In  the  absence 
of  direct  evidence  to  prove  it.  Professor  Phelps  is  not  justified,  in  the 
writer's  opinion,  in  stating  that,  because  Pick's  law  holds  good  for 
the  diffusion  of  dissolved  oxygen  in  a  liquid  of  uniform  density, 
it  must  necessarily  do  so  in  one  increasing  in  density  in  the  direction 
of  diffusion.  Under  these  circumstances,  the  writer  is  entitled  to  hold 
the  contrary  view. 

One  further  assumption,  which  Col.  Black  and  Professor  Phelps 
make,  demands  notice.  It  is  stated  on  page  56  of  their  original  re- 
port, and  is  as  follows: 

"Since  the  fundamental  law  of  aeration  is  one  of  diffusion,  and, 
furthermore,   since   the  surface   of   any   body   of   water   is   practically 
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saturated  at  nil  times,  it  must  bo  evident  that  no  mere  surface  action      Mr. 
can  by  itself  aifeot  the  rate  of  diffusion."  ^^^"^''• 

No  experimental  evidence  of  any  kind  is  fiiven  in  support  of  this 
statement.  'J'he  question  is  one  on  which  the  writer  has  made  a 
considerable  number  of  experimental  observations  since  he  published 
the  description  of  his  pioneering  experiments  on  "streaming,"  all  of 
which  prove  beyond  doubt  that  the  surface  of  a  body  of  water,  when 
exposed  to  atmospheric  conditions,  does  not  become  saturated  at  any 
time  as  long  as  the  layers  immediately  below  it  remain  only  partly 
aerated. 

The  writer  has  definitely  found,  by  careful  experimental  observa- 
tions, that,  as  oxygen  is  dissolved  by  the  surface  of  any  quiescent  body 
of  water,  when  de-aerated  or  only  partly  aerated,  it  passes  practically 
as  quickly  downward  through  the  lower  layers,  so  that  the  surface  does 
not  become  saturated  until  the  dissolved  oxygen  content  of  the  layers 
below  it  approach  the  condition  of  saturation. 

He  has  found  this  to  be  true  both  of  fresh  water  and  of  sea  water. 
The  only  marked  difference  between  the  two  is  that  in  the  sea  water 
the  transmission  downward  is  quicker  than  in  fresh  water,  when  the 
surfaces  of  the  two  bodies  of  water  are  exposed  to  the  air  so  that  evapo- 
ration can  take  place  freely  from  them;  and  vice  versa  when  the 
conditions  are  such  as  to  prevent  evaporation  from  the  exposed 
surfaces. 

The  writer  has  also  found  that  when  the  surfaces  of  de-aerated 
columns  of  fresh  water  are  exposed  to  the  air,  so  that  evaporation 
can  take  place  freely  from  them,  and  when  the  columns  themselves  are 
maintained  at  a  constant  and  uniform  temperature,  the  downward 
distribution  of  the  dissolved  oxygen  is  so  nearly  uniform,  for  depths  of 
about  1  000  mm.,  that  the  oxygen  content  of  the  water  at  that  depth  ' 
has  been  found  to  be  nearly  equal  to  that  of  the  surface  layer  at  vari- 
ous stages  during  the  process  of  re-aeration. 

Prof&ssor  Phelps  admits  the  correctness  of  the  writer's  observations 
on  ''streaming"  in  his  experiments  with  columns  of  sea  water,  but 
assumes  that  "streaming"  does  not  affect  the  practical  qviestion  of  the 
re-aeration  of  tidal  waters,  because  it  was  caused,  as  he  explains,  in 
the  case  of  the  writer's  experiments,  by  the  formation  of  concentrated 
layers  of  water,  the  result  of  evaporation  from  the  exposed  surfaces 
of  the  experimental  columns;  and  he  assumes  that  the  "streaming" 
would  not  occur  in  tidal  waters,  when  the  surface  layers  are  fresher 
and,  consequently,  denser  than  the  lower  layers  of  sea  water. 

Again.  Professor  Phelps  gives  no  experimental  evidence  in  sup- 
port of  this  assumption,  and,  in  the  absence  of  definite  evidence,  he 
is  no  more  entitled  to  make  it,  than  he  is  to  assume  that  diffusion  will 
occur  according  to  Pick's  law  under  the  same  conditions. 
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Mr.  The  writer  has  already  pointed  out  that  if  a  marked  stratification 

'^°^'^-  obtains  in  a  tidal  water,  and  the  land  water  lies  on  the  surface  of  the 

sea  water,  the  sewage  matters,  which  are  themselves  carried  by  fresh 

water,  will  gather  to  the  surface  layer  also  and  will  there  be  re-aerated 

chiefly  by  "streaming." 

The   New   York   Harbor   waters,   however,   are   not   thus   stratified. 

The  Metropolitan  Commission  states  :* 

"The  general  configuration  of  the  bottom  and  of  the  main  channels 
of  the  harbor  is  such  as  materially  to  aid  in  keeping  the  water  well 
mixed.  *  *  *  The  water  is  usually  more  saline  at  the  bottom  than 
at  the  top,  but  the  difference  is  usually  slight  and  there  is  apparently 
no  sharp  line  of  demarcation." 

Professor  Phelps  would  be  justified,  no  doubt,  in  assuming  that 
"streaming"  would  not  extend  to  the  lower  layers  of  a  tidal  water, 
the  surface  layer  of  which  consisted  practically  of  wholly  fresh  water, 
and  the  lower  layers  of  imdiluted  sea  water,  but  he  is  certainly  not 
justified  in  assuming,  without  experimental  observation,  that  it  would 
also  not  occur  in  tidal  waters  in  which,  as  in  New  York  Harbor,  the 
water  at  a  depth  of  20  ft.  contained,  on  an  average,  only  6%  more  sea 
water  than  at  the  surface.  The  experiments  which  the  writer  has  made 
certainly  do  not  justify  such  an  assumption. 

The  writer  does  not  think  that  any  useful  object  can  be  attained 
by  following  Professor  Phelps  in  his  detailed  discussion  as  regards 
so-called  calculated  and  observed  results,  because,  until  the  scientific 
basis  on  which  such  a  discussion  can  be  usefully  carried  on  has  been 
definitely  settled,  it  can  only  be  juggling  with  figures  to  attempt  to 
do  so. 

In  his  Report  to  the  Commission  (page  81),  the  writer  has  men- 
tioned the  chief  factors,  as  far  as  they  are  known,  which  are  concerned 
in  the  re-aeration  of  tidal  waters  exposed  to  natural  conditions,  and 
gives  reasons  for  believing  that : 

"The  rate  of  re-aeration  must  therefore  he  an  extremely  variable 
quantity  from  day  to  day,  and  even  from  hour  to  hour." 

Again,  on  page  87,  he  states: 

"It  is  quite  evident  that  under  their  combined  influence  [i.  e.,  the 
factors  concerned  in  re-aeration]  the  rate  [of  re-aeration]  may  vary 
practically  from  zero  to  a  value  of  such  magnitude  as  to  be  of  great 
practical  importance  especially  during  sunnner  season. 

"It  need  scarcely  be  pointed  out,  however,  that  a  good  deal  of  work 
has  yet  to  be  carried  out,  both  in  the  laboratory  and  on  the  open  water, 
before  a  definite  value  can  be  put  to  the  extreme  rate  at  which  re- 
aeration  under  the  most  favorable  conditions  would  occur,  or  even  to 
the  average  rate — both  would  certainly  vary  with  different  classes  of 
inshore  waters." 

•1912  Report,  pp.  26  and  27. 
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Eaki.i:  Ix  I'liKM's,  Assoc.  Am.  See.  C.  E.  (by  letter). — The  writer  Mr. 
wishes  to  thank  Dr.  Adenoy  for  his  frank  criticism,  which  makes  it  ^^^"' 
I)nssible  to  define  clearly  the  points  at  issue.  There  is  apparently 
complete  afrreement  on  the  two  propositions  that  diffusion  alone  is  of 
no  material  advantasic  in  the  re-aeration  of  polluted  tidal  waters  and 
that  the  phenomenon  of  "streaming,"  if  it  takes  place,  effects  re- 
aeration  to  a  material  extent.  This  being  the  case,  further  discussion 
of  the  accuracy  of  the  determination  of  the  diffusion  coefficietit  becomes 
irrelevant.  The  writer  sees  no  reason  to  alter  his  opinion  that  figures 
of  this  degree  of  accuracy,  although  admittedly  too  imperfect  for  use 
in  a  journal  of  physical  chemistry,  still  have  a  legitimate  use,  especially 
when  the  probable  magnitude  of  the  error  is  stated.  A  review  of  the 
original  data,  in  the  light  of  the  criticism  made,  leaves  the  writer  still 
of  the  opinion  that  Fick's  law  holds  in  this  case,  that  the  mathematical 
analysis  of  the  problem  is  sovmd,  and  that  the  value  of  the  coefficient 
as  determined  has  a  degree  of  accuracy  better  than  that  obtaining  in 
other  important  engineering  values  that  enter  the  problem,  such  as  the 
measurement  of  stream  flow  and  of  sewage. 

There  remains,  however,  as  relevant  to  this  discussion,  the  single 
question:  "Does  streaming  take  place  in  New  York  Harbor?"  Dr. 
Adeney  apparently  accepts  the  writer's  explanation  of  the  nature  of 
the  streaming  phenomenon,  so  far  as  saline  waters  are  concerned,  in 
that  it  is  a  gravitational  movement  of  the  more  dense  layers  produced 
at  the  surface  by  evaporation.  He  objects,  however,  to  the  "assump- 
tion" that  this  process  is  not  taking  place  in  a  body  of  water  in  which 
the  density  actually  increases  from  the  surface  downward.  Surely 
this  is  more  than  an  assumption,  and  it  calls  for  no  experimental  proof 
that  lighter  layers  of  water  will  not  sink  through  heavier  layers  by  the 
action  of  gravity.  The  quotation  from  the  Metropolitan  Sewerage 
Commission's  report  is  not  a  sufficient  basis  for  the  statement  that  the 
waters  are  not  stratified,  if  by  stratified  we  understand  an  increase 
of  density  downward.  The  figures  and  diagrams  of  that  report  show 
such  a  condition  almost  universally,  and  the  writer's  exi)crience,  in  the 
Charles  River  Basin  at  Boston,  and  elsewhere,  indicates  such  a  condi- 
tion to  be  normal  in  estuary  waters.  Whether  the  density  gradient  be 
great  or  small,  and  whether  or  not  there  be  a  distinct  line  of  demarka; 
tion  (which  is  often  found),  the  mere  existence  of  a  density  gradient 
downward  is  obviously  incompatible  with  a  downward  gravitational 
streaming  of  water. 

Dr.  Adeney  does  an  unintentional  injustice  to  our  formula  when  he 
states  at  the  outset  that  it  determines  the  rate  of  aeration  in  terms  of 
time,  depth,  initial  dissolved  oxygen  content,  and  diffusion  coefficient; 
and  (later)  that  "no  other  natural  agency  or  factor  need  be  consid- 
ered." A  study  of  the  method  of  using  the  formula  will  show  that 
the  time  factor  is  the  mean  time  between  uniform  mixings,  and  that 
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Mr.     for  its  determination  one  must  know  all  the  physical  conditions  and 
Pnelps.  ,  .         ,  ..... 

natural  agencies  that  assist  m  mixing  the  water,  such  as  wind,  tidal 

mixing,  and  the  effect  of  passing  boats.  This  work  is  now  being  ex- 
tended by  the  determination  of  the  time  factor  for  streams  of  various 
types.  Knowledge  of  this  factor  will  make  it  possible  to  determine 
the  rate  of  re-aeration  of  such  streams.  The  formula  has  already  been 
made  use  of  in  this  way  by  the  experts  of  the  Roj'al  Sewerage  Com- 
mission of  Great  Britain,  in  its  Eighth  Report.  The  results  show 
at  once  that  the  possibilities  of  re-aeration  in  such  streams  are  far 
greater  than  in  the  case  of  deep  estuaries. 

The  writer  cannot  agree  that  the  correspondence  between  calculated 
and  observed  results  in  New  York  Harbor  is  only  a  "juggling  with  fig- 
ures." The  calculated  results  are  based  on  the  practical  negligibility 
of  re-aeration.  The  fact  that  they  agree  to  a  remarkable  degree  with 
the  results  of  an  extensive  series  of  analyses  made  during  the  following 
year  is  certainly  the  most  desirable  kind  of  "additional  experimental 
evidence,"  the  absence  of  which  Dr.  Adeney  regrets  so  keenly.  If 
these  calculations  had  been  made  by  omitting  all  reference  to  re- 
aeration,  the  results  would  not  have  been  altered  materially.  They 
do  not  involve  any  of  the  disputed  points,  and,  without  further  refer- 
ence to  the  other  matters,  they  alone  show  the  practical  non-importance 
of  re-aeration  in  New  York  Harbor. 
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Francis  I>  Longley,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The      »r. 
authors  of  this  paper  state  that  the  exijeriments  "were  made,  not  with  Longley. 
the   idea   of  obtaining   new   general  formulas   for   weirs,   but   for   the 
purpose  of  testing  the  general  weir  formulas  and  ascertaining  whether 
they  are  applicable  to  the  weirs  on  the  Boise   and  other  projects   of 
the  Reclamation  Service." 

One  of  the  most  conspicuous  features  of  this  paper  is  the  great 
diiference  that  is  noted  between  the  measured  quantities  and  the 
quantities  as  computed  by  old  established  formulas.  Without  some 
further  analysis,  this  is  likely  to  leave  the  false  impression  in  the  minds 
of  those  who  are  not  well  acquainted  with  the  unparalleled  researches 
of  Francis,  Fteley  and  Stearns,  and  Bazin,  that  their  work  was  all 
for  naught,  and  therefore  a  word  regarding  the  recognized  limitations 
of  their  formulas  is  in  order. 

In  the  measurement  of  water  by  the  flow  over  weirs,  one  of  the 
factors  which  may  become  very  uncertain  if  its  limitations  are  ignored 
is  the  matter  of  end  contractions.  Perhaps  the  most  convenient  form 
of  weir  is  a  sharp-edged  notch  in  a  vertical  thin  plate,  which  gives 
a  stream  with  the  ends  fully  contracted.  Because  of  its  convenience, 
this  form  has  been  studied  by  several  able  investigators  in  connection 
with  other  weir  studies,  and  it  is  interesting  to  note  their  comments 
on  the  limitations  which  must  be  kept  in  mind  in  dealing  with  end 
contractions. 


*  Continued  from  April,  1913,  Proceedings. 
t  Author's  closure. 
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Mr.  The  late  James  B.  Francis,  Past-President,  Am.  Soc.  C.  E.,  in  his 

"Lowell   Hydraulic    Experiments",   states : 

"It  is  assumed     *     *     *     that  the  quantity  discharged  by  a  weir 

is  directly  proportioned  to  its  length;  this,  in  weirs  having  complete 

contraction,  is,  however,  known  not  to  be  true,  in  consequence  of  the 

contraction  which  takes  place  at  the  ends  of  the  weir. 

******** 

"It  has  been  stated  that  the  proposed  formula   is   applicable  only 

to  weirs  having  a  considerable  length   in  proportion  to  the  depth  of 

water  running  over  them.     It  is  found  by  experiment  that,  when  the 

length  equals  or  exceeds  three  times  the  depth,  the  formula  applies ; 

but  in  lengths  less  than  this  in  proportion  to  the  depth,  the  formula 

cannot  be  used  with  safety. 

******** 

"*  *  *  In  weirs  of  very  short  length  in  proportion  to  the  depth, 
the  effect  of  the  end  contraction  *  *  *  influences  the  discharge 
to  a  certain  distance,  A,  from  the  end  of  a  weir;  if  the  whole  lengrth 
of  the  weir  is  greater  than  2  A,  the  effect  of  the  end  contraction  is 
independent  of  the  length;  but  if  the  length  is  less  than  2  A,  the 
whole  breadth  of  the  stream  is  affected  in  its  flow -by  the  end  con- 
tractions,  and,  consequently,   the  proposed   formula  would  not   apply. 

"In  practical  applications,  this  will  seldom  be  an  inconvenience, 
as  it  is  nearly  always  practicable  so  to  proportion  the«weir  that  the 
length  may  not  be  less  than  three  times  the  depth  upon  it;  if,  however, 
there  is  no  end  contraction,  the  proportion  of  the  length  to  the  depth 
is  not  material," 

Messrs.  Fteley  and  Stearns  developed  their  formula*  to  represent 
the  discharge  over  a  weir  unaffected  by  end  contractions.  They  con- 
ducted some  careful  experiments  on  the  effect  of  end  contractions, 
but  state  that: 

"The  chief  value  of  these  experiments  consists  in  the  warning 
they  give  that  this  form  of  weir  should  be  avoided  in  cases  where  the 
most  accurate  results  are  desired." 

M.  Bazin,  in  connection  with  his  researches  on  this  subject,  men- 
tions, as  one  of  the  uncertain  elements  that  must  not  be  disregarded, 
the  lateral  contraction,  which,  though  unimportant  in  weirs  of  great 
length,  seriously  modifies  the  results  in  shorter  weirs. 

In  the  extensive  experiments  carried  out  at  the  Cornell  University 
Hydraulic  Laboratory  in  1899,  for  the  United  States  Board  of  Engi- 
neers on  Deep  Waterways,  weirs  without  end  contractions  were  used, 
both  for  the  standard  and  the  experimental  measurements,  owing  pre- 
sumably to  the  uncertainty  that  would  probably  result  with  contracted 
weirs,  at  the  rather  high  heads  that  were  to  be  used. 

In  short,  it  is  generally  accepted  that  uncertainty  results  from 
disregarding  the  recognized  limitations  of  end  contractions.     Within 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XII,  p.  111.  <  :  /. 
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these  limits,  data  are  at  hand  for  making  a  satisfactory  correction  Mr. 
for  the  eifect  of  end  contractions.  The  controlling  condition  is  as  "°^^^- 
set  forth  in  the  statement  quoted  from  the  "Lowell  Hydraulic  Ex- 
periments," which  is  in  effect  that  the  influence  of  the  end  contraction 
must  not  extend  to  the  middle  of  the  weir.  The  law  governing  the 
extent  of  this  influence  is  not  known,  but  Francis  considered  it  unsafe 
to  use  a  head  on  the  weir  greater  than  one-third  the  length  of  the 
crest. 

Disturbance  of  stream  lines  sometimes  extends  to  a  surprising  dis- 
tance from  the  source  of  the  disturbance,  as  note  the  familiar  experi- 
ment of  the  faucet  and  the  knife  blade.  Open  the  faucet  just  enough 
to  get  a  very  thin,  but  smooth  and  perfectly  continuous  stream  of 
water;  hold  the  point  of  a  knife  in  the  stream,  well  below  the  faucet, 
and  note  how  the  stream  is  broken,  not  only  below,  but  for  several 
inches  above  the  knife. 

The  formula  of  Francis,  and  also  that  of  Cippoletti,  which  is  de- 
rived directly  from  it,  are  therefore  admittedly  unsuited  for  the  com- 
putation of  the  discharge  of  weirs  with  end  contractions  when  the 
head  on  the  weir  is  greater  than  about  one-third  of  the  crest. 

The  authors,  however,  have  recorded  a  comparison  of  their  results 
with  the  results  of  computations  by  the  Francis  and  Cippoletti  formu- 
las without  regard  for  or  comment  on  this  limitation,  although  the 
maximum  head  of  each  separate  series  of  their  observations  lies  far 
above  this  limit. 

TABLE  21. 


Length  of  weir. 

Maximum  bead  on 

Ratio  of  maximum 

in  feet. 

weir,  in  feet. 

head  to  length. 

•  •  •{ 

0.5 

0.95 

1.89 

Cippoletti  weir 

1.0 
2.0 

1.98 
1.99 

1.98 
0.99 

3.0 

2.41 

0.80 

0.5 

1.00 

2.00 

Rectangular  weir. 

1.0 
2.0 

1.34 
1.57 

1.34 
0.79 

3.0 

3.06 

0.69 

Safe  liniitinj?  rati" 

as  i 

0.33 

An  examination  of  the  data  of  Francis,  Fteley  and  Stearns,  and 
Flinn  and  Dyer,*  who  experimented  on  the  Cippoletti  weir,  shows  that 
they  all  keep  substantially  within  this  approximate  limit. 

It  is  not  surprising,  therefore,  that  computations  based  on  the 
Francis  and  Cippoletti  formulas  do  not  check  the  observed  weir  dis- 
charges. There  are  few  or  no  precise  data  regarding  the  effect  of  end 
contractions  on  the  discharge,  when  the  weir  is  so  short  that  the  influ- 
•  Transactions,  Am.  Soc.  C.  E.  Vol.  XXXII,  p.  9. 
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Mr.      enees  of  the  two  end  contractions  overlap.     A  good  idea  of  this  effect 
"  may  be  obtained,  however,  from  an  analysis  of  the  authors'  data,  on 

the  assumption  that  their  short  weirs  approximated  the  conditions  of 
rectangular  orifices. 

Merriman  gives  the  following  formula  for  the  rectangular  orifice: 

q  =  S.02chd\^h 

in  which  c  is  the  coefiicient  of  discharge, 
h  is  the  width, 
d  is  the  depth, 
and  h  is  the  head  on  the  center  of  the  orifice. 

Certain  experiments  by  both  Francis  and  Fteley  and  Stearns  give 
the  ratio  of  the  depth  of  flow  measured  directly  over  the  edge  of  a  weir, 
to  the  depth  measured  above  the  origin  of  the  surface  curve,  as  approxi- 
mately 0.86,  and  the  depth  of  the  orifice,  therefore,  may  be  taken  as 
0.86  of  the  observed  head. 

From  this,  for  example,  compute  a  few  of  the  quantities  for  the 
12-in.  rectangular  weir.  An  examination  of  Fanning's  tables  shows 
that  the  coefficient  of  discharge  for  the  conditions  assumed  does  not 
vary  much  from  0.61. 

TABLE  22. 


Number 

Average 

gauge 
height,  in 
feet  =  h\ 

Assumed 

depth  of 

orifice, 

D  -  0.86  hK 

C. 

Head  on 

center  of 

orifice, 

2  ■ 

Quantity,  in  Cubic  Feet 
PER  Second. 

of  run. 

By  orifice 
formula. 

measurement. 

1 

20 

3 

4 

2 

5 

6 

1.3.38 
1.3.33 
1.205 
1.1.30 
1.126 
1.044 
0.982 
0.909 

1.150 
1.060 
1.037 
0.972 
0.968 
0.898 
0.845 
0.782 

0.61 
0.61 
C.61 
0.61 
0.61 
0.61 
0.61 
0.61 

0.763 
0.703 
0.687 
0.644 
0.642 
0.595 
0.559 
0.518 

4.91 
4.34 
4.20 
3.81 
3.79 
3.39 
3.09 
2.75 

4.780 
4.293 
4.177 
3.757 
3.743 
3.332 
3.025 
2.095 

Obviously,  this  computation  comes  a  great  deal  closer  to  the  meas- 
ured discharge  than  does  the  Francis  formula  so  far  outside  of  its 
recognized  limiting  conditions. 

The  formulas  the  authors  have  deduced,  and  the  rating  curves 
they  have  prepared,  are  of  value  in  computing  the  discharge  of  weirs 
identical  with  those  used  in  the  experiments;  but  the  very  diversity 
of  coefficients  and  exponents  which  they  have  set  forth  in  their  twenty- 
one  formulas,  emphasizes  the  impossibility  of  their  general  application. 

The  points  which  are  important  to  keep  in  mind  are  that  the  ex- 
haustive work  of  Francis  on  weir  measurement  was  corroborated  in 
a  substantial  degree  by  the  studies  of  Fteley  and   Stearns,  and  later 
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by    the  even   more   extensive   researches   of   Bazin;   that  the  formulas      Mr. 
deduced  by  them  have  certain  reco^iizod  limitations,  and  that,  having  ^^^s^^i'- 
proper   regard    for   these   limitations,   the   reliability   of   the   formulas 
cannot  be  questioned. 

W.  G.  Steward,  Esq.,  and  J.  S.  Longwfxl,  Jun.  Am.  Soc.  C.  E.   Messrs. 
(by  letter), — In  his  discussion  Mr.   Pierce  brings  out  the  point  that  ^*|nj'^'^ 
the  results  of  his  experiments  agree  with  those  of  the  writers  in  that  Longwell. 
the  actual  discharge  is  greater  than  that  given  by  the  Francis  formula, 
but   that  the  velocity-area  results  show   a  smaller  deviation  than  the 
volumetric  tests.     It  should  be  remembered  that  Mr.  Pierce's  experi- 
ments were  made  on  very  large  weirs,  and  that  the  departure  of  the 
actual  discharge  from  the  formula  discharge  occurs  at  gauge  heights 
within  the  limits  of  accuracy,  as  generally  taken,  for  the  formulas, 
that  is,  for  depths  on  the  weir  of  less  than  one-third  of  the  crest  length. 
The  results  presented  by  the  writers  agree  closely  with  the  formulas 
for  gauge  heights  above  the  limits  of  the  formula  in  some  cases,  and 
practically  to  the  limits  in  all  cases.     The  percentages  of  difference 
between  the  writers'  results  and  the  formula  at  gauge  heights  equal 
to  one-third  of  the  length  of  the  crest  are  shown  in  Table  23. 

TABLE  23.  ,  , 


Size. 

Percentage  that  the  Actual  Discharge  is  ix  Excess  of  the 
Formula  at  One-third  of  the  Crest  Length. 

Cippoletti  weirs. 

Rectangular  weirs. 

6  in. 

1  ft. 

2  ft. 

3  ft. 

0 
0 

0.95 
1.9b 

2.75 
2.0.S 
2.64 

4.40 

It  will  be  noted  that  these  differences  are  far  below  those  given 
by  Mr.   Pierce  for  points  of  lower  proportional  gauge   heights. 

In  the  tabulation  of  the  results  of  the  writers'  experiments,  the 
discharge  curves  of  the  Francis  formula  and  the  Cippoletti  formula 
have  been  used  for  a  comparison  of  results.  No  attempt  was  made  to 
show  any  discrepancy  in  these  formulas ;  they  were  used  for  making 
a  comparison,  up  to  the  limits  of  the  formulas,  and  to  show  that,  for 
gauge  heights  of  more  than  one-third  of  the  length  of  crest,  the 
formula,  as  stated  by  Francis,  does  not  apply.  It  is  quite  a  common 
belief  that  the  formulas  are  correct  to  almost  any  depth  on  the  weir, 
in  spite  of  the  statement  of  Francis  to  the  contrary. 

The  accuracy  of  the  formulas  within  the  stated  limits  was  brought 
out  quite  clearly  by  the  discharge  curves,  proving  that,  as  long  as  the 
depth  of  water  is  less  than  one-third  of  the  crest  length,  the  formulas 
will  give  verv  accurate  results. 
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Messrs. 
Steward 

and 
Longwell. 


No  attempt  was  made  to  develop  any  formula  to  apply  for  all  depths, 
but  the  results  of  the  actual  tests  were  given  and  the  resulting  equa- 
tions of  the  discharge  curves  tabulated.  It  is  to  be  hoped  that  some 
general  law  of  flow  for  all  depths  may  be  worked  out  by  some  one. 

The  following  conclusions  and  formulas  are  presented  for  considera- 
tion.    They  are  based  on: 

(a)  The  series  of  weir  experiments  conducted  by  the  writers  on  the 
Boise  Project,  Idaho,  in  1911. 

(b)  The  experiments  on  notched  weirs  conducted  by  Mr.  J.  W. 
Strohecker,  on  the  Boise  Project,  in  1912.  (See  Plate  LXXVIII  and 
Table  24.) 

(c)  A  series  of  experiments  on  notched  weirs  conducted  by  Ralph 
B.  Daudt,  Assoc.  M.  Am.  Soc.  C.  E.  (See  The  Cornell  Civil  Engineer, 
March,  1912 ;  see  also  Plate  LXXVIII  and  Table  24. 

(d)  A  series  of  experiments  on  rectangular  weirs  conducted  by 
Messrs.  H.  W.  Maynard  and  J.  P.  Hurley.  (See  The  Cornell  Civil 
Engineer,  April,  1912.)  For  a  copy  of  the  original  notes  on  this  series 
of  experiments  the  writers  are  indebted  to  Mr.  Paul  Macy,  Editor-in- 
Chief,  The  Cornell  Civil  Engineer. 


TABLE  24. — Gauge  Heights  and  Discharges  in  Experiments 
Conducted  on  Boise  Project  in  1912  by  J.  W.  Strohecker  on 
A  Notched  Weir  ;  also  Gauge  Heights  and  Discharges  in 
Experiments  Conducted  at  Cornell  University  by  R.  B. 
Daudt,  Assoc.  M.  Am.  Soc.  C.  E.,  in  1910. 


Experiments  on  Boise  Project  in  1912. 

Cornell 
Experiments. 

a 
g 

lb 

hi 

g 

0) 

H 

a 

3 

? 

§ 

4) 

h. 

d 

H. 

Ui 

Sot; 

!U0 

a  o-S 

ti 

C3  O-S 

be 

c3  O-je 

taci 

eS  O-e 

3 

o 
d 

o 

3 

5.9 

o 

;  d 

3 

o 

t'J 

3 

5.S 

i? 

q-9 

^ 

Q.2 

a 

^ 

Q.9 

3R 

0.094 

0.002 

66 

0.666 

0.224 

33 

1.36 

1.382 

19 

1.79 

2.672 

0.4775 

0.093 

37 

0.179 

0.005 

.5!^ 

0.677 

0.224 

60 

1.39 

1.280 

16 

1.79 

2.672 

0.6619 

0.214 

38 

0.195 

0.009 

3 

0.69 

0.268 

4 

1.48 

1.734 

8 

1.945 

3.236 

0.9025 

0.470 

35 

0.203 

0.010 

67 

0.730 

0.265 

34 

1.485 

1.734 

14 

1.98 

3.360 

1.142 

0.846 

40 

0.216 

0.011 

m 

0.77 

0.208 

59 

1.49 

1.580 

13 

1.99 

3.390 

1.259 

1.076 

39 

0.219 

0.010 

53 

0.776 

0.309 

1 

1.535 

1.814 

7 

2.015 

3.492 

1.272 

1.10 

47 

0.245 

0.015 

68 

0.839 

0.372 

22 

1.55 

1.896 

10 

2.114 

3.692 

1.377 

1.346 

42 

0.312 

0.030 

28 

0.83 

0.392 

21 

1.592 

1.952 

55 

2.12 

4.036 

1.3875 

1.349 

43 

0.318 

0.034 

64 

0.84 

0.492 

26 

1.595 

1.980 

12 

2.135 

3.936 

1.4575 

1.549 

41 

0.333 

0.038 

69 

0.848 

0.876 

58 

1.60 

1.896 

2 

2.160 

4.176 

1..5855 

1.89 

48 

0.350 

0.041 

27 

0.921 

0.492 

23 

1.608 

2.066 

18 

2.169 

4.230 

1.7845 

2.533 

46 

0.3.54 

0.045 

63 

0.93 

0.434 

25 

1.628 

2.064 

5 

2.182 

4.248 

1.9179 

3.087 

45 

o.m 

0.049 

29 

0.996 

0.638 

24 

1.674 

2.236 

11 

2.185 

4.282 

2.0357 

3.588 

44 

0.396 

0.0.57 

62 

1.09 

0.676 

57 

1.70 

2.230 

15 

2.19 

3.826 

2.1045 

3.803 

51 

0.479 

0.094 

,30 

1.094 

0.794 

9 

1.713 

2.. 352 

6 

2.301 
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56 
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32 

1.22 

1.480 
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1.748 
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TAIJLE      25.  —  C'OMPITKD     KIIOJI     CoKNKLL      EXPKRIMKNTS     on     RkCT-     Messrs;. 
.\NGULAR  WkII{.>^,  AND  U.  S.  HECLAMATION  SeRVICK  EXPERIMENTS    Steward 

ON   Notched   AVeirs.     The  Taijles   (Jive  the  Discharge  of  Longweii. 

ItECTANGULAR    WeIRS,    THE    DISCHARGE    OF  2.S°  NOTCHED  WeIRS, 

and  the  Discharge  of  the  Two  Combined,  Which  is  Equal 
TO  THE  Discharge  of  a  Cippoletti  Weir,  as  vShown  on 
Pl.\te  LXXIX. 


Rectangular 

28" 

Cippoletti 

Head 

Rectangular 

28" 

Cippoletti 

weir. 

Notch. 

weir. 

weir. 

Notch. 

weir. 

3-Inch  Crest. 

1-Foot  Crest. 

0.2.5 

0.10 

0.02 

0.12 

0.31 

0.48 

0.03 

0.51 

0.4o 

0.23 

0.08 

0.31 

0.75 

1.93 

0.29 

2.22 

0.94 

0.74 

0.52 

1.26 

0.985 

2.97 

0..59 

3.56 

1.46 

1.41 

1.44 

2.85 
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4.01 
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5.03 

1.39 

5.06 
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2.2fl 
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4.70 

7.58 

1.66 

6.74 

2.16 

8.90 

2.705 

3.76 

7.73 

11.49 

1.91 

8.36 

3.07 

11.4:3 

3.08 

4.54 

9.43 

13.97 

2.05 

9.a5 

3.55 

12.90 

2.29 

11.19 

4.70 

15.89 

2.51 

12.70 

5.95 

18.65 

2.70 

14.90 

7.20 

22.11 

2.76 

15.44 

7.60 

23.04 

2.97 

16.18 

9.1 

25.28 

6-Inch  Crest. 

2-FooT  Crest. 

0.255 

0.185 

0.02 

0.205 

0.17 

0.045 

0.04 

0.58 

0.66 

0.17 

0.83 

0.55 

2.41 

0.135 
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0.9a 

1.39 

0.51 

1.90 

0.86 

4.80 

0.42 

5.22 
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2.. 50 
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3.76      : 

1.27 
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1.09 

10.00 
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5.30      i 

1.63 
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7.20      1 

2.12 
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3.85 

22.% 

2.13 

5.09 
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8.99 

1.91 

16.45 

2.97 

19.42 

2.40 

6.18 

5.30 

11.48 

2.29 

21.74 

4.70 

26.44 

2.65 

7.07 

7.20 

14.27 

2.46 

23.90 

5.60 

29.50 

2.«r 

8.32 

8.35 

16.67 

2.64 

•  26.87 

6.80 

:33.67 

3.05 

8.73 

9.70 

18.43 

2.73 

28.67 

7.40 

36.07 
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0.145 

0.51 

0.51 
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1.84 

0.02 
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0.402 
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0.06 

2.55 

0.425 

3.52 

0.07 

3.59 

0.7m 

5.72 

0.27 

5.99 

0.625 

6.27 

0.19 

6.46 

1.08 

10.44 

0.75 

11.19 

0.92 

7.17 

0.50 

7.67 

l.-ii 

14.72 

1.26 

15.98 

1.11 

14.67 

0.80 

15.47 

1.52 

17.45 

1.74 

19.19 

1.31 

18.79 

1.20 

19.99 

1.67 

20.28 

2.20 

22.48 

1.47 

21 .79 

1..59 

2:3.88 

1.84 

23. *i 

2.72 

26.15 

1.6:3 

25.8i> 

2.06 

27.86 

1.95 

25.98 

3.21 

29.19 

1.82 

31.02 

2.72 

.33.74 

2.10 

28.18 

3.88 

32.06       ) 

1.905 

:33.02 

3.05 

:36.07 

2.29 

31.93 

4.!)0 

36.8:5 

2.0:35 

:36.11 

3.58 

39.69 

2.41 

34.63 

.5.60 

40.2:3 

2.22 

41.72 

4.50 

46.22 

Conclusions. 

1. — The  discharge  of  a  sharp-crested,  contracted,  rectangular  weir, 
with  any  given  base  and  gauge  height,  added  to  the  discharge  of  a  28° 
notched  weir,  with  the  same  gauge  height,  gives  a  discharge  equal  to 
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Messrs.    that  of  a  Cippoletti  weir  with  the  same  base  and  gauge  height.     This 
and'^'^   is  shown  on  Plate  LXXIX  where  the  combined  discharge  of  a  notched 
ongweii.  ^eir   and   rectangular  weirs   for  various  lengths   of   base   are  plotted, 
together  with  the  discharges  of  Cippoletti  weirs  of  equal  bases. 

2. — The  relation  of  discharges  of  weirs  of  similar  shapes,  within  the 
limits  of  experiments  conducted,  is  the  |  power  of  the  proportion  of 
bases  at  the  same  proportional  gauge  heights. 

Formulas. 

Let  ()^  =  Discharge  of  a  calibrated  weir  at  head,  h^^; 
(^2  =  Discharge  of  another  weir  at  head,  h^; 
6^  =  Length  of  crest  of  calibrated  weir; 
h^  =  Length  of  crest  of  another  weir  the  discharge  of  which 

is  required; 
/?,^  =  Head  on  calibrated  weir; 
h^  =  Head  on  weir  having  a  base  =  b.y 

This  head  is  taken  so  that 

/ij  =  -r-  X  h^  ;  that  is,  6j   :  h^  '.'■  h^  :  h.^,  as  shown  by  Fig.  7. 

Then  Q^  (at  h^)  X  (-~-)  ^  ^  ^2  (a*  K)  i"  which  (-r^)^  is  a  con- 
stant. 

t\  /      -     j 

1       ^ 

•  < --6., 

Fig.  7. 

Which  is  derived  as  follows: 
3 

Q    =  cbh^  ,  the  theoretical  formula  for  discharge  of  weirs (1) 

3 
Qj  =^  c/ij  (/i-i)^  ,  the  discharge  of  weir  A  at  h^  (at  gauge  height). (2) 

3 
Q^  =  ch^  Oh)^ ,  the  discharge  of  weir  B  at  li.^  (gauge  height  as 

specified  above) (.3) 

K 

As  assumed,  /ij  =  -r-  X  h^ (4) 

b        ^ 
Q.^  =  c\  — ^  h^.     Substituting  in  Equation  3  the  value  for  li^  in 

Equation  4 (5) 

-A   /i,  j  '^  =  Q.,  X  c^i  Ohf ,  multiplying  Equations  2 
and  5  . . . ! (6) 
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1     v^    /  ^2  \  I  Messrs. 

-          \    }      )  3  Steward 

Q^  X  r — =  Q.,.  Dividiiiiil  by  cbj  (/i,)' and  eliniinatinii  c  Lonpweii. 

and  /ij (7) 

^^' ^  (-sf) '  = -^^ ^'^ 

(Conditions  being  specified  above.) 
Therefore,  having  the  correct  calibration  of  a  weir  with  a  given 
base  and  to  any  given  height,  the  discharge  of  a  weir  of  similar  shape 
and  with  any  desired  length  of  base  may  be  computed  to  a  gauge  height 
equal  to  the  proportional  lengths  of  the  bases,  provided  the  proportional 
shapes  of  forebay,  crest,  etc.,  are  kept.  This  formula  gives  results  well 
within  the  accuracy  of  the  experiments  conducted. 
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SOME  EXPERIMENTS  WITH 

.AIORTARS  AND  CONCRETES  MIXED  WITH 

ASPHALTIC  OILS. 

Discussion.* 


By  Authur  Tayt.or.  EsQ.f 


Arthur  Taylor,  Esy.   (by  letter). — It  is  very  pleasing  to  note  that     Mr. 
Mr.   Page  has  been  able  to  supply  some  additional  data  on  his  oil-    *^"''* 
mixed  concrete  investigation;  primarily,  because  it  undoubtedly  fur- 
nishes the  incentive  for  the  Profession  to  enter  further  into  this  com- 
paratively new  field  of  concrete  experimentation. 

It  has  been  the  desire  of  the  writers,  since  their  inextensive  tests 
were  undertaken,  that  they  be  instrumental  in  creating  an  interest  in 
the  investigation  of  this  possibly  economical  means  of  water-proofing 
mortars  and  concrete,  and  they  now  believe"  that,  due  to  Mr.  Page's 
discussion,  their  hopes  will  be  realized  to  some  extent. 

At  the  outset,  the  writers  were  quite  confident  that  ^Ir.  Page  had 
demonstrated  an  economical  and  practical  means  of  water-proofing 
mortars  and  concrete  by  the  admixture  of  a  mineral  oil  with  wet 
mortars  and  concrete.  In  this  belief,  it  was  expected  that  they  would 
be  able  to  verify  some  of  his  conclusions  and  enlarge  on  the  scope  by 
the  use  of  Western   (asphaltic  base)   oils. 

Somewhat  negative  results  were  first  observed  when  the  strength 
of  the  7-day  tensile  specimens  fell  oflf  with  the  ''oil-mixes"  to  a  greater 
relative  degree  than  in  Mr.  Page's  tests.  In  no  case  did  the  strength 
of  the  oil-mixed  briquettes  approach  that  of  the  plain  mortar;  nor  did 
the  strength  of  the  oil-mixed  specimens  reach  80%  of  that  of  the 
no-oil  specimens  in  the  28-day  tests.  Again,  with  the  permeability 
test,  the  first  specimens  were  watched  to  see  the  effect  of  the  oil,  and 

♦Continued  from  May,  1918,  Proceedings. 
+  Author's  closure. 
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Mr.  it  was  observed  with  regret  that  the  oil-mixed  specimens  were  more 
^^  "''■  permeable  than  the  plain  ones,  for  it  was  hoped  that  results  similar 
to  Mr.  Page's  would  be  obtained. 

Regarding  the  absorption  tests,  the  noticeably  slight  absorption 
may  be  accounted  for  by  the  fact  that  the  specimens  were  the  broken 
halves  of  briquettes,  undoubtedly  poor  examples  from  which  to  show 
normal  absorption,  but  reasonable  indicators  of  relative  absorption 
of  the  various  oil-mixed  mortars.  It  was  the  practice  of  the  writers 
to  mix  the  mortars  with  exceptional  thoroughness,  and  to  pack  the 
moulds  quite  vigorously,  so  that,  without  doubt,  the  latent  voids  were 
greatly  reduced.     This  naturally  brought  about  low  absorption. 

All  specimens  were  taken  out  of  the  water  at  the  same  time,  wiped, 
"baked"  in  an  open  gas  oven  at  160°  Fahr.,  weighed,  and  again  placed 
in  water.  At  the  end  of  the  24  and  72-hour  periods  the  water  was 
wiped  off  and  the  specimens  were  ag'ain  weighed. 

In  the  permeability  test,  though  the  age  of  the  specimens  was  not 
great,  the  results  of  the  plain  concretes  and  the  various  oil-mixed 
ones,  with  relation  to  each  other,  should  be  quite  correct.  It  is  likely 
that  the  oil  ingredient  retards  the  time  required  for  the  concrete  to 
reach  its  normal .  state,  or  permanent  set ;  however,  the  writers  can- 
not help  but  believe  that  the  results  of  long-time  tests  would  follow 
lines  similar  to  those  at  28  and  35  days,  but  probably  with  less 
divergence  between  the  no-oil  and  oil-mixed  specimens.  By  an  over- 
sight, the  age  of  the  4-day  test  was  omitted.  These  tests  were  begun 
on  the  thirty-fifth  day. 

The  writers  wish  to  make  clear  that  the  reporting  of  their  tests 
was  no  flaunting  declaration  that  oil  as  an  incorporated  ingredient 
in  concrete  is  not  an  aid  to  its  water-proofing  qualities.  It  would  be 
lamentable,  indeed,  if  experimenters  lacked  the  courage  to  make  public 
their  findings,  merely  because  they  did  not  agree  with  those  of  others. 
Believing  in  this  principle,  they  offered  their  conclusions. 

Though  Mr.  Page  does  not  claim  that  oil  adds  to  the  strength,  nor 
does  the  extra  manipulation  required  to  incorporate  the  oil  (for  it  is 
not  so  shown  in  his  compressive  tests),  yet  the  writers  fail  to  comprehend 
why  so  many  of  Mr.  Page's  oil  specimens  have  shown  greater  strength 
than  the  plain  mortars.  They  have  been  inclined  to  believe  that  the 
"personal  equation"  is  a  factor  in  the  results  of  new-field  experimental 
work  of  this  nature,  regardless  of  how  conscientiously  it  is  carried  on, 
and  they  dare  say  that  it  is  likely  that  a  repetition  of  many  of  these 
tests,  where  equative  handling  is  paramount,  would  show  appreciable 
reversals. 

To  some  extent,  the  applicability  of  the  colloidal  theory  does  not 
seem  futile.  Considering  oil  the  colloid,  "that  amorphous  part  of 
'clays'  which  envelops  the  crystalline  constituent,  *  *  *  when  it 
is  in  excess,  the  clay  is  most  plastic,  and  when  it  is  dry,  it  is  the  less 
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permeable    and    less    absorptive."      This,    however,    is    not    in    perfect     Mr. 
analogy  to  cement,  where  a  mechanical-chemical  change  takes  place;    ^^ °^- 
therefore,  can  we  impose  the  colloidal  theory  here? 

Again,  it  is  plausible  to  believe  that  the  oils  of  different  character 
account  to  some  extent  for  the  variation  in  the  results  obtained  from 
the  experiments  by  Mr.  Page  and  those  by  the  writers. 

J.  B.  Lippincott.  M.  Am.  Soc.  C.  E.,  reported*  that  the  tensile 
tests  in  the  laboratory  of  the  Los  Angeles  Aqueduct  showed  lack  of 
uniformity,  and  were  not  considered  to  be  encouraging  for  the  use  of 
California  oils  with  concrete.  These  tests,  however,  were  for  tensile 
strength  only,  and  no  comment  on  any  others  was  made. 

When  we  consider  the  extent  to  which  oil-mixed  mortars  and  con- 
cretes has  been  investigated,  it  is  only  infinitesimal  compared  with 
what  has  been  done  with  plain  mortars  and  concretes.  How  many 
dozens  of  men  have  brought  to  light  new  and  diverse  results  in  their 
studies,  but  every  result  showing  the  investigators  new  light,  and 
enticing  them  to  experiment  further.  Therefore,  this  should  encour- 
age men  to  undertake  more  detailed  study.  Whether  or  not  the  writers' 
work  led  to  the  correct  conclusion,  they  rest  satisfied  that  they  have 
created  a  stimulus  for  further  investigation. 

*Tran8aciions,  Am.  Soc.  C.  E.,  Vol.  LXXIV,  p.  283. 
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SAMUEL  LISPENARI)  COOPER,  M.  Am.  Soc.  C.  E.* 


DiKD  ALvY  8tii.  191;5. 


Sanuiel  Lispenard  Cooper  was  born  in  the  City  of  New  York  on 
January  16tli,  1858.  His  father,  Samuel  Hawes  Cooper,  was  a  nephew 
of  Peter  Cooper;  his  mother,  Helen  Sophia  Lispenard  was  of  French 
Hu^enot  descent.  Mr.  Cooper  received  his  early  education  in  the 
public  schools  of  New  York  City  and  then  studied  at  the  College  of 
the  City  of  New  York  and  at  New  York  University.  He  was  graduated 
from  the  latter  institution  in  1878  with  the  degree  of  Civil  Engineer. 

For  the  fir.st  five  years  of  his  professional  career,  Mr.  Cooper  was 
engaged  on  the  surveys  and  preliminary  work  for  the  New  Croton 
Aqueduct  and  Reservoirs,  and  was  then  placed  in  charge  of  the  main- 
tenance of  the  Old  Croton  Aqueduct,  as  Resident  Engineer.  In  1889 
lie  entered  the  service  of  the  Finance  Department  of  the  City  of  New 
York,  as  Supervising  Engineer,  and  continued  in  this  position  for  the 
next  four  years,  gaining  valuable  experience  in  many  directions.  When 
the  Department  of  Public  Works  of  the  City  of  Yonkers  was  organized, 
in  1893,  Mr.  Cooper  was  placed  at  its  head  as  Commissioner,  and  con- 
tinued in  this  position  for  14  years  until  Yonkers  became  a  second- 
class  city,  in  1908,  when,  under  the  reorganization  that  took  place, 
he  was  appointed  City  Engineer,  a  position  he  filled  until  his  death. 

During  20  years  of  uninterrupted  service  with  the  City  of  Yonkens, 
first  as  Commissioner,  and  then  as  City  Engineer,  Mr.  Cooper  was 
responsible  for  the  entire  street  system  of  the  City.  The  City  Pier 
and  Recreation  Pavilion  were  constructed  according  to  his  plans,  and 
the  City  Hall  Building  was  erected  under  his  .supervision.  He  also 
had  much  to  do  with  making  plans  for  the  parks,  and  acted  as  Con- 
sulting Engineer  to  the  Bronx  Valley  Sewer  Commission  and  in  con- 
nection with  other  enterprises. 

In  1885,  Mr.  Cooper  was  married  to  Elizabeth  Underbill,  daughter 
I  if  the  Rev.  George  H.  Goodsell,  D.D.,  and  niece  of  Bishop  Daniel  A. 
Goodsell,  of  the  ilethodist  Episcopal  Church,  who  with  three  children, 
Samuel  G.  Cooper,  of  Portland,  Ore.,  Mrs.  Raymcuid  C.  Rose,  and 
.Mary   L.  Cooper,  survive  him. 

Mr.  Cooper  was  an  engineer  of  high  ability,  a  man' of  slerliug 
character  and  of  indefatigable  industry.     Performing  his  duties  with 

*  Memoir  prepared  by  Edward  Wegmann.  M.  Am.  Soc.  C.  E. 
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absolute  honesty,  he  could  not  avoid  making  enemies,  but  he  won 
the  esteem  of  all  good  citizens. 

During  the  last  two  years  of  his  life  Mr.  Cooper  suffered  from  an 
incurable  disease.  He  bore  this  misfortune  with  great  fortitude,  and 
attended  faithfully  to  his  official  duties  to  the  last,  even  when  scarcely 
able  to  leave  his  home. 

On  May  8th,  1913,  he  was  relieved  from  his  suffering.  His  funeral 
was  attended  by  the  Mayor,  Aldermen,  and  other  City  officials,  past 
and  present,  of  Yonkers,  and  by  a  large  number  of  citizens  who  showed 
by  their  presence  the  high  esteem  in  which  they  held  their  former  City 
Engineer. 

Mr.  Cooper  was  a  member  of  the  New  York  University  Alumni 
Association,  Delta  Upsilon  Fraternity,  a  Director  of  the  Hollywood 
Inn,  a  member  of  the  Nepperhan  Lodge  of  Free  Masons,  Terrace  City 
Chapter  of  Royal  Arch  Masons,  of  the  Elks,  of  the  City  Club,  and 
of  the  Central  Methodist  Episcopal  Church  of  Yonkers. 

Mr.  Cooper  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  February  6th,  1889. 


GEORGE  BLINN  FRANCIS,  M.  Am.  Soc.  C.  E.* 


Died  June  9th,  1913. 


George  Blinn  Francis,  the  son  of  Blinn  and  Lucy  (Hart)  Francis, 
was  born  at  West  Hartford,  Conn.,  on  January  31st,  1857.  He  re- 
ceived his  early  education  in  the  public  schools  of  his  native  town 
and  at  the  Hartford  High  School,  from  which  he  was  graduated  at 
the  age  of  17. 

On  April  6th,  1874,  he  entered  the  employ  of  the  Providence,  R.  L, 
Water-Works,  as  a  student,  and  served  for  a  period  of  three  years 
in  the  Engineering  Corps,  during  the  construction  of  the  Pettaconset 
Pumping  Station.  In  March,  1877,  he  was  transferred  to  the  City 
Engineer's  Department,  which  had  just  been  consolidated  with  the 
Water- Works,  where  he  served  for  the  next  4A  years  as  Assistant 
Engineer,  being  assigned  to  the  corps  in  charge  of  the  "Brook  Street 
District"  improvements,  and,  on  the  completion  of  that  work,  to  the 
Water  Department. 

In  1881  he  joined  the  Engineering  Department  of  the  New  York, 
West  Shore  and  Buffalo  Railroad  and  was  assigned  to  the  Ulster 
Division,  in  charge  of  a  Hydrographic  Corps  between  Fort  Mont- 
gomery— at .  the  southern  entrance  to  the  Highlands — and  Poughkeep- 
sie;  later,  he  was  made  Assistant  Engineer  in  charge  of  4  miles  of 
construction  on  this  Division. 

*  Memoir  prepared  by  John  F.  WaUaee,  Past-President,  Am.  Soc.  C.  E.,  and 
John  W.  Ellis,  M.  Am.   Soc.   C.   E. 
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Early  in  1883  jMr.  Francis  went  to  the  Pacific  Coast  with  a  party 
selected  to  make  surveys  for  a  relocation  of  the  Oregon  Railway  and 
Xavipration  Company's  line  between  Portland  and  The  Dalles,  through 
the  Cascade  ^fountains.  In  the  spring  of  that  year  he  was  transferred 
to  Portland  as  Assistant  Engineer  in  charge  of  the  construction  of  a 
large  freight  terminal,  for  the  Northern  Pacific  Terminal  Company, 
on  the  Willamette  River,  opposite  Portland,  including  the  construc- 
tion of  the  oar-ferry  inclines,  in  connection  with  the  transfer  of 
passengers,  for  cars  across  the  river,  which  were  to  be  built  in  thirty 
days  in  order  to  be  in  readiness  for  the  transfer  of  the  famous  ''Gold 
Spike''  party  over  the  Northern  Pacific  Railway,  in  September,  1883. 

On  the  completion  of  this  work  he  returned  East  and  for  the  next 
two  years  was  employed  on  general  railroad  work — design,  construc- 
tion, and  maintenance — including  the  preparation  of  plans  for  harbor 
works  under  the  direction  of  the  late  James  B.  Eads,  M.  Am.  Soc.  C.  E., 
in  connection  with  his  scheme  for  a  ship  railroad  at  Tehuantepec,  and 
as  Assistant  Engineer,  on  the  Hudson  River  Division  (Weehawken 
to  Albany),  of  the  New  York,  West  Shore  and  Buffalo  Railroad,  on 
maintenance  of  way. 

In  the  fall  of  1884,  Mr.  Francis  resigned  the  latter  position  to  accept 
that  of  Engineer  of  the  Portland  Construction  Company,  and  as  such 
had  charge  of  the  design  of  warehouses,  docks,  floating  pile-driver,  coal- 
pockets,  bridges,  floating  drj'-dock,  etc.  Subsequently,  he  became 
Resident  Engineer  on  the  construction  of  the  Yakima  Division  of  the 
Northern  Pacific  Railroad,  returning  East  on  the  completion  of  this 
work.  For  the  next  three  years  he  served  in  various  positions  on 
general  railroad  work,  both  design  and  construction,  as  follows:  In 
the  Engineer  Corps  on-  the  Blue  Mountain  and  Kittatinny  Mountain 
Tunnels,  on  the  South  Pennsylvania  Railroad,  at  Roxbury,  Pa. ;  with 
the  New  Jersey  Junction  Railway,  on  field  location  from  Weehawken 
to  Bayonne,  afterward  having  charge  of  the  location  and  construction 
through  Jersey  City;  and  as  Division  Engineer  on  general  railroad 
work  on  the  Western  Division  of  the  New  York  Central  and  Hudson 
River  Railroad,  with  headquarters  at  Rochester,  N.  Y. 

On  May  1st,  1887,  he  returned  to  Providence,  R.  I.,  as  Principal 
Assistant  Engineer  of  the  New  York,  Providence  and  Boston  Railroad, 
remaining  in  that  position  until  March,  1892,  when  he  was  appointed 
Resident  Engineer  of  the  New  York,  Providence  and  Boston  and  Old 
Colony  Railroad  Terminal  Company  (subsequently  controlled  through 
lease  by  the  New  York,  New  Haven  and  Hartford  Railroad  Company), 
designing  and  constructing  the  Providence  Terminal. 

On  July  1st,  1896,  he  became  Resident  and  Acting  Chief  Engineer 
of  the  Boston  Terminal  Company,  designing  and  constructing  the 
South  Terminal  Station,  in  Boston,  one  of  the  largest  passenger  termi- 
nals in  the  world.     With  such  care,  foresight,  and  skill  were  the  de- 
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tails  of  this  intricate  in-oblem  worked  out  that  no  important  chang-e 
has  ever  been  made  in  the  layout.  The  study  and  experience  derived 
from  the  successful  solution  of  these  two  important  engineering  works 
led  Mr.  Francis  to  specialize  in  this  branch  of  the  Profession,  in  which 
field  he  was  recognized  subsequently  as  a  leading  authority. 

In  the  spring  of  1899  he  designed  and  supervised  the  construction 
of  the  foundations  of  the  Kingsbridge  Power  Station  of  the  Third 
Avenue  Railroad,  in  New  York  City. 

On  the  completion  of  the  Boston  Temainal,  he  became  Chief  Engi- 
neer of  the  Providence  Street  Railway  System,  and  from  February, 
1900,  to  June,  1902,  served  during  a  very  active  period  of  construc- 
tion and  reconstruction  of  the  Company's  urban  and  interurban  lines, 
building  a  new  generating  station,  repair  shops,  car  barns,  etc. 

Mr.  Francis  resigned  to  accept  a  position  as  head  of  the  Civil 
Engineering  Department  of  Westinghouse,  Church,  Kerr  and  Com- 
pany, which  Company  had  been  retained  as  Engineers  in  connection 
with  the  new  Pennsylvania  Terminal  in  Manhattan,  and,  during  the 
next  eight  years,  the  important  civil  engineering  featvires  of  this  work 
were  under  his  supervision. 

Some  other  terminal  problems  which  received  his  attention 
are:  The  proposed  Union  Station  at  Toronto,  Ontario;  the  proposed 
passenger  and  freight  terminal,  at  Chicago,  for  the  Chicago  and  West- 
ern Indiana  Railroad;  the  Winnipeg  Terminal,  Orand  Trunk  Pacific 
Railway;  Vancouver,  B.  C,  Terminal,  Canadian  Pacific  Railway; 
the  proposed  freight  terminal,  Canadian  Pacific  Railway,  at  Toronto; 
the  proposed  passenger  terminal  for  the  City  of  Buffalo;  the  rearrange- 
ment of  the  track  layout,  St.  Louis  Terminal;  and  many  smaller 
terminals,  both  for  passengers  and  freight,  in  the  United  States  and 
Canada.  As  a  member  of  the  Railroad  Committee  of  the  Merchants 
Association  of  New  York  City,  he  rendered  valuable  assistance  in 
the  preparation  of  its  report  on  "The  West  Side  Improvements,"  re- 
lating to  railroad  and  terminal  facilities.  Ho  thrice  visited  Europe 
for  observation  and  study  of  the  large  terminals  in  England  and  on 
the  Continent. 

Some  of  the  many  engineering  problems  which  engaged  his  atten- 
tion during  his  connection  with  Westinghouse,  Church.  Kerr  and 
Company,  were  as  follows : 

Supervision  of  the  construction  of  two  high-speed  interurban  elec- 
tric roads,  one  in  the  Lackawanna  Valley,  between  Scranton  and 
Wilkes-Barre,  Pa.,  and  the  other  in  the  Ohio  Valley  between  Beaver, 
Pa.,  and  Steubenville,  Ohio ;  general  supervision  of  the  reconnaissance, 
location,  and  plans  for  a  proposed  high-speed  electric  road  between 
Paterson,  N.  J.,  and  Times  Square,  New  York  City;  a  proposed  elec- 
tric road  between  Rochester  and  Syracuse,  N.  Y.,  and  a  proposed  line 
between  Baltimore.  Frederick,  and  Hagerstown.  Md. ;  Consulting  Engi- 
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necr  on  hydro-elect rio  (lovcloinnent  for  the  Atlanta  Water  and  Elec- 
tric Power  Conijiany;  Consulting  Engineer,  Shut-off  Dam,  Charles 
River  Basin ;  Consulting  Engineer,  deep  foundations,  Providence 
Journal  Building;  Consulting  Engineer,  East  Side  Easy  Grade  Street, 
Providence,  R.  I.;  A^ssociate  Consulting  Engineer  with  Gustav  Linden- 
thai,  M.  Am.  Soc.  C.  E..  on  reconstruction  of  Locust  Point  Pier  for 
the  Baltimore  and  Ohio  Railroad,  at  Baltimore,  Md. ;  Consulting  Engi- 
neer, heavy  reinforced  concrete  bridge,  designed  for  Bush  and  Gun- 
powder River  Bridges,  Pennsylvania  Railroad;  and  investigations  and 
reports  on  various  water-power  and  irrigation  projects  in  the  South  and 
West. 

Mr.  Francis  was  a  member  of  the  Institution  of  Civil  Engineers 
of  Great  Britain;  the  Boston  Society  of  Civil  Engineers;  the  Canadian 
Societ.v  of  Civil  Engineers;  the  New  York  Railroad  Club;  and  the 
Boston  Engineers'  Club.  He  was  very  active  in  the  affairs  of  the 
Boston  Society  of  Civil  Engineers,  having  been  the  first  non-resident 
member  to  be  honored  with  the  Presidency;  which  office  he  filled  from 
March  17th,  1910,  to  March  16th.  1911. 

He  was  Past-Master  of  What  Cheer  Lodge  Xo.  21 ;  Member  of  the 
Providence  Royal  Arch  Chapter  No.  1 ;  Providence  Council  No.  1, 
R.  and  S.  M. ;  Calvary  Commandery  No.  13,  K.  T.,  and  of  Rhode 
Island 'Consistory,  A.  A.  S.  Rite,  N.  M.  J. 

He  was  a  frequent  conti'ibutor  to  the  technical  press  and  to  the 
publications  of  various  engineering  societies.  In  1906,  with  W.  F. 
Dennis,  M.  Am.  Soc.  C.  E.,  he  was  awarded  the  Thomas  Fitch 
Rowland  Prize  by  the  Society,  for  the  paper  entitled  "The  Scranton 
Tunnel  of  the  Lackawanna  and  Wyoming  Valley  Railroad."*  Other 
papers  contributed  to  the  Society  by  ^fr.  Francis  are :  "The  South 
Terminal  Station,  Boston,  Mass.,"  "Electric  Railways  in  the  Ohio 
Valley  betw^een  Steubenville,  Ohio,  and  Vanport,  Pennsylvania,"  and 
"The  New  York  Tunnel  Extension  of  the  Pennsylvania  Railroad. 
Certain  Engineering  Structures  of  the  New  York  Terminal  Area."t 

He  was  awarded  a  gold  medal  at  the  Paris  Universal  Exposition 
in  1900.  in  connection  with  the  exhibit  of  the  Boston  Terminal 
Company;  and  in  1906,  he  received  the  Honorary  Degree  of  A.  M.  from 
l^rown  T'niversity. 

Mr.  Francis  was  a  man  of  keen  perception,  retentive  memory,  and 
rare  judgment.  He  wa.s  (juick  to  grasp  the  essentials  of  a  problem, 
and  brought  to  its  solution  a  trained  mind  and  a  wide  and  varied 
experience.  His  genial  disposition,  democratic  spirit,  and  kindly 
courtesy  won  for  him  the  unfailing  loyalty,  unfeigned  affection,  and 
unwavering  devotion  of  all  who  ever  worked  for  or  with  him.  His 
death  is  keenly  felt  by  a  host  of  friends  and  business  acquaintances, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LVI,  p.  219. 
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and  is  a  distinct  loss  to  the  Profession  which  he  loved,  in  which  his 
life  found  its  expression,  and  for  which  he  zealously  labored. 

In  April,  1882,  Mr.  Francis  was  married  to  Florence  Louise  Greene, 
of  Providence,  E.  I.,  who,  with  one  son,  George  B.  Francis,  Jr., 
survives  him. 

Mr.  Francis  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  September  5th,  1883,  and  a  Member  on  November  7th, 
1888.  He  had  also  served  for  two  years  as  a  Member  of  the  Nominating 
Committee. 


HORACE  EBENEZER  HORTON,  M.  Am.  Soc.  C.  E.* 


Died  July  29th,  1912. 


Horace  Ebenezer  Horton  was  born  near  Norway,  Herkimer  County, 
N.  Y.,  on  December  20th,  1843.  Four  years  before  the  Civil  War, 
when  he  was  13  years  of  age,  his  parents  moved  from  Norway,  N.  Y., 
to  Rochester,  a  small  town  in  the  southeastern  part  of  Minnesota,  at 
that  time  a  frontier  country.  Here  he  was  a  pioneer,  at  an  age  sus- 
ceptible to  all  the  moving  influences  of  a  new  country.  Consideration 
of  his  after  life  leads  to  the  belief  that,  as  a  western  boy,  he  acquired 
those  qualities  of  thoughtful  planning,  of  initiative,  and  of  self-reliance, 
for  which  he  was  distinguished  in  his  manhood.  With  a  fine  mind, 
a  splendid  physique,  and  a  natural  fund  of  energy,  this  pioneer  life 
was  a  good  foundation  for  a  working  life  characterized  by  ability, 
activity,  and  usefulness. 

Mr.  Horton's  education  in  the  schools  was  limited,  as  the  schools 
were  limited.  At  that  time  it  may  be  said  that  engineering  was  not 
even  a  Profession,  and  engineering  schools  were  almost  unknown.  At 
best,  only  an  elementary  engineering  education  could  be  offered  in  the 
schools  of  this  country.  Mr.  Horton,  doubtless,  enjoyed  such  school 
training  as  was  then  obtainable.  As  a  boy  he  attended  school  in 
Rochester,  and  later,  for  two  years,  at  Fairfield  Seminary  in  Herkimer 
County,  N.  Y.,  and  was  probably  19  or  20  years  old  at  the  completion 
of  his  course  in  that  institution. 

Considering  the  schools  which  he  attended,  and  the  proficiency  which 
he  displayed  afterward  in  his  Profession,  it  is  fair  to  designate  him 
as  a  self-educated  man,  and,  like  all  true  engineers,  he  continued  to 
educate  himself  to  the  end  of  his  life. 

The  timber  bridge,  at  Oronoco,  Minn.,  of  186  ft.  span,  60  ft.  above 
the  water,  was  designed  and  built  in  1866-67  by  Mr.  Horton,  at  the  age 
of   twenty-three.      That   a   mere  youth   should   combine   the   technical 

♦Memoir  prepared  by  the  following  committee:  Onward  Bates,  Past-President,  Am 
Soc.  C.  E.,  Hugh  L.  Cooper,  and  Arthur  J.  Mason,  Members,  Am.  Soc.  C.  E. 
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skill,  the  address  to  eouvince  the  authorities  that  the  design  was  ade- 
iHMtc,  procure  financial  assistance,  and  have  the  husineas  capacity  to 
execute  sudi  a  work,  point  out  a  man  of  very  unuaual  powers  and 
qualities. 

One  must  remember  that  in  18C6  j\Iinnesota  was  a  remote  part  of 
the  world;  that  "Trautwine's  Civil  Engineer's  Pocket-Book"  was  not 
published  until  six  year«  later,  and  that  the  mass  of  technical  literature 
we  now  have  was  not  yet  dreamt  of. 

The  fact  recalls  Smiles'  "Lives  of  the  Engineers,"  those  wonderful 
men.  with  little  education,  nearly  all  coming  from  the  strip  of  north 
country  across  England,  who  gave  us  The  Highway,  The  Canal,  The 
Railroad,  and  The  Extended  Use  of  the  Steam  Engine  in  Modern 
Industry. 

It  is  probably  not  a  mere  coincidence  that  the  first  Horton  to 
land  in  America,  in  the  seventeenth  century,  came  also  from  Lan- 
cashire. One  can  readily  believe  that,  running  thi-ough  the  seven 
generations  from  the  first  Horton  settled  on  Long  Island,  the  con- 
structive instinct  persisted. 

Horace  E.  Horton's  father,  a  carpenter  and  builder,  seventy  years  ago, 
in  his  wanderings  between  New  York  State  and  the  far  West,  happened 
on  some  town  in  Ohio  where  a  church  had  to  be  moved.  The  job 
frightened  local  talent,  but  Horton,  Senior,  undertook  the  work,  suc- 
ceeded, and,  in  his  own  words,  "It  paid  handsome." 

Here  we  have  the  Engineers  instinct  strong  in  Llorace  E.  Horton; 
a  physical  difficulty  becomes  a  challenge  or  dare  to  overcome  it. 

Mr.  Horton's  career  is  of  chief  interest  to  us  because  he  was  one  of 
the  first  group  of  engineers,  fast  disappearing,  who  grew  up  with 
the  art;  whose  feeling  for  all  kinds  of  material,  structures,  action,  was 
the  result  of  contact  with  them,  and,  therefore,  became  incorporated 
with  his  five  senses,  and  instinctive. 

A  generation  later,  the  Engineer's  approach  to  knowledge  in  his 
work  had  become  a  literary  one. 

Horace  E.  Horton  began  his  work  with  timber — the  material  of  the 
coimtrj- — and  changed  as  the  times  changed.  At  his  death  his  work 
was  wholly  in  steel.  He  was  always  youthful  in  view  point,  always 
learning,  never  losing  a  sort  of  strong  horse-sense. 

Older  members  of  the  Society  will  recall  his  great  impressive  head, 
towering  above  the  common  run  of  men  in  any  gathering. 

Engineers  are  proud  of  the  fact  that  the  constructive  (luality  seems 
ever  to  be  accompanied  with  a  certain  robust  force  of  character  and 
probity.  George  Stephenson,  the  father  of  railways,  a  man  who  taught 
himself  to  read  at  the  age  of  nineteen,  was  at  home  in  the  House  of 
Lords,  or  any  company,  by  reason  of  this  mixture  of  sagacity,  direct- 
ness, and  probity.  Mr.  Choate,  in  his  address  at  the  opening  of  the 
present  Society  House,  traced  these  qualities  to  the  fact  that  service 
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and  performance  are  the  sole  tests  of  the  Engineer's  work — not  an 
appeal  to  taste,  as  so  largely  in  other  professions.  From  Horace  E. 
Horton  there  seemed  at  all  times  to  emanate  an  atmosphere  of  these 
very  qualities — sagacity,  directness,  and  probity.  To  this  fact  is  due 
his  success  in  the  world. 

Mr.  Cooper  joined  Mr.  Horton's  staif  in  boyhood,  and  remained  in 
his  service  for  many  years.  He  describes  one  side  of  the  man  as 
follows : 

"Those  who  knew  Mr.  Horton  intimately,  and  as  an  employer, 
realized  his  possession  of  a  mind  of  unusual  endowments,  and  specially 
gifted  in  creative  analysis  and  quick  comprehension. 

"The  subject  might  be  engineering,  which  he  dearly  loved  as  a  Pro- 
fession, or  it  might  be  politics,  history,  genealogy,  the  Bible,  or  civic 
life.  The  rapidity  of  his  understanding  and  general  comprehension 
sometimes  naturally  led  to  little  expressions  of  impatience  with  those 
of  lesser  equipment. 

"One  of  his  striking  -qualities  in  his  engineering  practice  was  his 
universal  refusal  in  middle  life  to  accept  anything  he  had  previously 
designed  as  a  standard  for  the  future.  Every  new  contract  for  a  bridge, 
and  they  were  many,  required  an  entirely  new  set  of  drawings  to 
bring  out  new  ideas  of  main  and  detailed  designs,  and  in  this  sort 
of  work  he  seemed  to  find  great  pleasure.  The  fact  that  in  his  later 
life  he  originated  and  perfected  to  a  fine  success  the  water-tank  with 
the  hemispherical  bottom,  that  is  now  so  generally  used,  and  that  he 
maintained  this  design  as  a  standard  over  a  term  of  years,  during 
which  time  he  built  some  twenty-four  hundred  of  these  tanks,  was  a 
great  surprise  to  those  who  knew  him  between  1890  and  1900. 

"He  was  a  man  who  possessed  the  courage  of  his  convictions  to 
a  striking  degree,  and  having  once  settled  a  problem,  either  as  related 
to  a  design  or  a  method  of  constructing  it,  his  mind  seemed  absolutely 
at  rest  and  to  forget  the  element  of  responsibility  as  usually  defined. 
Precedents  in  methods  of  construction  were  tossed  aside  whenever 
opportunity  for  original  and  bold  treatment  was  presented,  and  his 
really  interested  originality  always  came  through  to  a  successful 
conclusion. 

"In  general,  his  manner  toward  his  employees  wa.s  given  to  brusque- 
ness,  but  they  soon  came  to  understand  that  this  attitude  was  a  shield 
for  a  nature  overly  kind  when  properly  appealed  to. 

"One  of  Mr.  Horton's  personal  characteristics,  that  was  very  rare 
among  men  of  his  ability  and  always  in  evidence  with  him,  was  his 
great  patience  with  a  student  employee  who  was  trying  to  better  his 
condition  through  special  studies  after  hours  and  through  special  hard 
work  during  working  hours.  To  such  he  was  never  known  to  deny 
all  the  time  the  student  asked  for,  and  it  frequently  resulted  in  the 
student  getting  more  time  given  him  than  he  in  his  unwisdom  thought 
he  needed.  His  pride  in  the  advancement  of  his  'young  men,'  as  he 
called  them,  never  came  to  the  attention  of  the  student,  except  when 
stories  of  their  progress  were  told  by  Mr.  Horton  to  third  parties. 

"His  notions  of  charity  followed  most  strictly  the  biblical  inhibition 
about  giving.     He  gave  generously   and  freely   to  the  needy,  but   al- 
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ways  in  a  manner  tliat  suofossfully  iireehided  the  possibility  of  even 
minute  public  knowkxlpre.  Durinpf  his  residence  in  Chicago  he  listened 
to  a  very  strong  appeal  from  the  pulpit  for  funds  with  which  to  pur- 
chase a  pipe  organ  for  the  church.  A  day  or  two  afterward  he  met 
the  pastor  and  told  him  that  he  would  give  a  certain  sum  toward 
the  purchase  of  the  organ,  Avhich  amount  happened  to  be  75%  of  the 
total  cost,  provided  he  would  never  breathe  a  word  about  the  contribu- 
tion to  a  soul.  The  pastor  took  the  subscription,  gave  the  exacted 
promise,  and  then  went  to  another  member  of  Mr.  Horton's  immediate 
family,  stated  that  he  had  secured  75%  of  the  necessary  amount, 
asked  for  further  aid,  received  15%  of  the  necessary  amount,  and  gave 
the  same  promise  about  secrecy.  The  pastor  knew  from  previous  ex- 
perience how  to  proceed,  and  was  a  skilled  solicitor;  at  the  first  oppK)r- 
tunity  he  appealed  to  yet  another  member  of  Mr.  Horton's  family, 
and  obtained  the  remaining  10%  for  the  organ,  on  the  execution 
of  the  same  promise  regarding  secrecy.  It  is  believed  that  the  family 
do  not  to  this  day  know  how  that  church  got  that  organ,  but  the  truth- 
fulness of  this  story  is  vouched  for,  and  is  only  related  to  evidence  a 
trait  of  character  beautiful  and  none  too  common. 

"The  possessor  of  great  physical  and  mental  strength,  it  is  difficult 
to  realize  that  he  could  so  quickly  succumb,  and  his  going  away  will 
long  be  foundation  for  sadness  in  the  minds  of  those  he  befriended." 

As  a  bridge  builder,  his  contracts  were  obtained  by  competitive  bids, 
usually  on  plans  i)repared  under  his  direction.  These  plans  were  re- 
quired to  conform  to  specifications  and  meet  the  approval  of  the  engi- 
neer representing  the  purchaser.  The  successful  bridge  contractor  had 
to  design  a  structure  meeting  all  requirements,  and  be  the  lowest  bidder, 
as  well.  Success  depended  on  the  skill  of  the  designer  in  producing 
the  most  economical  structure  to  manufacture  and  erect.  It  was  the 
custom  for  bidders  to  assemble  at  the  time  and  place  set  for  letting 
the  contract,  and  the  occasion  was  one  in  which  competitors  met  in  a 
friendly  rivalry,  although  sometimes  it  was  not  so  friendly.  Com- 
petition was  very  keen,  and,  if  by  any  chance  a  bidder  lost  his  oppor- 
tunity to  bid,  he  was  rather  the  butt  of  the  jokes  of  the  other  bidders 
than  an  object  of  sympathy  with  them. 

Mr.  Horton  was  always  a  generous  rival.  He  would  encourage  com- 
petition instead  of  suppressing  it.  It  seemed  as  if  he  entered  into 
the  spirit  of  the  game,  on  the  principle  that  "the  more  the  merrier," 
and  that,  if  he  won,  his  success  was  greater  with  many  than  with  few 
to  bid  against.  An  instance  of  this  is  related  by  Mr.  Bates,  on  the 
occasion  of  the  letting  of  the  superstructure  for  the  high  bridge  at 
St.  Paul.  The  bridge  contracting  company  which  Bates  represented 
had  arranged  that  the  bidder's  bond  required  by  the  city  should  be  fur- 
nished to  him  through  a  local  bank  in  St.  Paul.  On  the  morning  of 
the  letting  of  the  contract,  and  perhaps  two  hours  before  the  bids  were 
to  be  opened,  he  called  at  the  bank  with  full  assurance  that  the  bond 
would  be  passed  over  the  counter  to  him.     To  his  surprise  and  dismay, 
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he  was  informed  that  some  hitch,  in  the  arrangement  with  the  Phila- 
delphia bank  which  was  to  guarantee  the  bond,  prevented  the  St.  Paul 
Bank  from  furnishing  it.  The  decision  was  final,  as  it  was  impossible 
to  make  other  arrangements  in  the  limited  time.  Coming  out  of  the 
bank,  Bates  paused  on  the  steps  of  the  building,  reflecting  on  his  posi- 
tion and  wondering  if  anything  could  be  done  to  save  his  bid.  Just 
then  Mr.  Horton  appeared,  and,  looking  up,  asked,  "What  is  the  matter? 
Why  are  you  looking  so  sorrowful  this  morning?"  He  was  informed 
of  the  dilemma  of  his  competitor.  Then  Horton's  fine  instinct  came 
to  the  rescue.  He  took  Bates  by  the  arm  and  said:  "This  will  never 
do.  We  must  get  you  a  bond  at  once."  Going  to  the  nearest  oflSce  build- 
ing, they  scanned  the  list  of  tenants,  fovmd  the  name  of  a  lawyer  and 
proceeded  to  his  office.  The  lawyer  was  instructed  to  draw  up  the  bond 
at  once.  Horton  remarked:  "The  amount  of  this  bond  is  so  large 
that  I  cannot  qualify  for  the  whole  of  it  myself,  and  we  must  get 
another  bondsman."  They  proceeded  from  the  building  and  on  reach- 
ing the  street,  the  first  man  who  passed  was  seized  by  Horton  and  told 
that  he  must  come  in  at  once  and  sign  Bates'  bond,  not  even  giving  the 
newcomer  an  opportunity  for  argument.  The  matter  was  satisfactorily 
concluded.  Bates'  bid  was  considered,  and  when  the  decision  on  the 
bids  was  made  known,  the  contract  was  Horton's  as  the  lowest  bidder. 

Mr.  Bates  states  that  he  never  was  so  pleased  at  the  success  of  a 
rival,  and  that  a  man  who  could  show  the  spirit  that  Mr.  Horton  did 
under  the  conditions,  was  worth  his  lasting  friendship. 

Returning  to  Rochester,  Mirui.,  from  his  studies  at  Fairfield 
Academy,  about  twenty  years  of  age,  the  next  few  years  were  devoted 
to  whatever  seemed  to  offer — farm  work,  surveying,  railroad  location — 
until  we  find  him  engaged  on  the  Oronoco  Bridge,  described  at  the 
opening  of  this  memoir. 

With  this  as  his  starting-point,  he  was  duly  launched  on  his  life 
work.  For  the  following  twenty-three  years  he  had  his  headquarters 
at  Rochester,  and  built  up  an  extended  business  in  the  designing  and 
erection  of  highway  bridges  throughout  a  considerable  area  of  the 
Northwest.  During  this  time  he  also  developed  some  skill  as  an  archi- 
tect, designing  a  number  of  public  buildings,  as  well  as  private 
residences. 

A  paper*  entitled  "Bridge  Legislation,"  by  Mr.  Horton,  is  a  de- 
licious sample  of  the  mixture  of  wit,  clear-headedness,  technical  skill, 
and  force  of  character  of  the  man.  Members  will  recall  an  occasion, 
years  ago,  when  an  effort  was  made  to  obtain  acts  of  State  Legislatures 
providing  that  highway  bridges  in  the  country  should  be  under  the 
supervision  of  some  State  officer  or  engineer,  much  as  buildings  are 
under  the  superintendent  of  buildings  in  cities. 

*  Journal,  Association  of  Engineering  Societies,  Vol.  XI,  p.  54  (February,  1892  j.    * 
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Mr.  Horton  believed  that  this  movement  implied  a  failure  to  under- 
stand and  appreciate  the  very  remarkable  ingenuity,  skill,  energy,  and 
economy  which  had  been  shown  by  the  men  building  hijihway  bridges 
in  the  West,  with  funds  seeming  to  us  now  humorously  insufficient,  in 
places  remote,  and  under  circumstances  of  extraordinary  variety  and 
difficulty. 

Mr.  Horton  states  a  case  which  we  venture  to  insert  as  a  clean-cut 
sample  of  his  logic  and  astonishing  economy  of  design  and  execution. 

"A  congressional  township  (six  miles  square)  with  an  assessed 
valuation  of  $38,000,  had  a  stream  running  through  it  requiring  a 
200-ft.  bridge;  at  medium  low  water  the  stream  could  be  forded,  but 
with  a  rise  of  one  foot  it  was  dangerous. 

''Within  ten  years  preceding  the  building  of  the  bridge,  three 
people  had  been  drowned  (one  each,  on  three  separate  occasions)  in 
attemiiting  to  ford  the  stream. 

"With  all  available  funds,  and  all  ability  for  contracting  a  debt, 
the  township  was  able  to  apply  $1,800  for  this  work.  It  seemed  to 
be  best  to  build  the  bridge  in  one  span. 

"The  abutments  cost  $500.  A  200-ft.  span  was  built  for  $1,300 
(with  profit  to  the  builder),  which  has  served  eight  years,  with  every 
prospect  of  use  for  a  long  term  of  years  in  the  future. 

"The  thought  comes  to  me:  What  would  the  engineers  of  legisla- 
tion have  done  with  a  case  like  this.  Would  they  have  insisted  on  this 
community  continuing  to  take  chances  on  the  ford,  or  have  taken  them- 
selves out  of  the  way,  and  allowed  a  man,  with  knowledge  of  how  to 
do  it,  to  build  a  bridge?" 

Again,  he  says  in  the  same  paper: 

"Have  the  committee  been  careless  in  their  statements  or  shall  I 
(having  built  thousands  of  highway  bridges,  and  never  having  occa- 
sion to  apologize  for  a  failure  either  in  design  or  execution)  thank  God 
for  his  mercy  (being  myself  incompetent)  *  *  *  that  these  works 
liave  developed  into  bridges  instead  of  hetchels." 

Like  most  strong  men,  sure  of  themselves,  ho  loved  a  "scrap." 

Up  to  1889  he  had  conducted  his  business,  as  a  bridge  contractor, 
independently  of  any  shop.  He  had  begun  in  the  days  of  timber 
bridges,  had  passed  through  the  combination  stage,  and  had  seen  the 
metal  bridge  become  the  universal  one.  In  1889,  recognizing  that  he 
mijst  either  become  a  manufacturer  or  lose  his  identity  in  the  business, 
he  moved  to  Chicago,  and  in  conjunction  with  others  started  the  Chi- 
cago Bridge  and  Iron  Company,  of  which  he  was  the  President  and 
Manager  until  the  destruction  of  the  plant  by  fire  in  1897.  At  that 
time  Mr.  Horton  purchased  all  the  outside  stock  in  the  company,  re- 
built the  plant,  and  operated  it  thereafter  in  his  own  narne,  as  the 
Proprietor  of  the  Chicago  Bridge  and  Iron  Works. 

Mr.  Horton's  great  ability  was  as  an  engineer  and  as  a  contractor, 
rather  than  as  a  manufacturer.     The  interminable  detail  work  of  the 
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latter  aimoyed  him,  and  it  was  a  great  pleasure  to  him  in  later  years 
to  turn  over  much  of  this  to  his  eldest  son. 

As  an  engineer,  Mr.  Horton  was  always  progressive.  When  the 
combination  of  wood  and  iron  became  economical,  he  was  prepared  to 
use  them  to  produce  rational  designs  therewith.  When  the  virtue  of 
cantilever  constructions  for  certain  conditions  was  pointed  out,  he 
was  ready  to  make  use  of  them.  A  man  of  the  most  thorough  common- 
sense,  he  utilized  this  in  the  design  of  his  structures,  which  were  pro- 
portioned to  the  service  they  were  expected  to  give,  rather  than  to 
some  letter  of  a  specification.  At  a  time,  twenty -five  years  ago,  when 
communicating  bridges  were  in  demand  by  cities  located  on  the  banks 
of  the  Upper  Mississippi  River,  where  the  conditions  necessitated  long 
and  high  structures,  with  only  a  very  limited  amount  of  money  availa- 
ble, he  designed  and  built  bridges  which  were  strictly  adapted  to  their 
service  and  have  continued  all  these  years  properly  to  take  care  of  the 
business.  They  were  very  light,  and  relatively  inexpensive,  structures, 
but  they  showed  the  skill  of  the  designer,  and  the  adaptation  of  means 
to  ends.  There  was  no  metal  wasted ;  every  pound  was  used  to  the  best 
advantage. 

Perhaps  Mr.  Horton  was  best  known  to  many  people  through  his 
improvements  in  elevated  water-tank  design  and  construction.  In 
1894  he  brought  out  a  design  for  a  steel  water-tank  supported  on  steel 
columns,  the  tank  having  a  hemispherical  bottom,  and  the  columns 
connecting  directly  to  the  sides  of  the  tank.  Of  this,  his  son,  George  T. 
Horton,  M.  Am.  Soc.  C.  E.,  writes: 

"He  brought  out  these  two  essential  elements  which  made  the  steel 
tank  commercial  with  not  over  a  half  hour's  study.  The  more  I  think 
of  this  one  thing,  the  more  remarkable  it  seems." 

Prior  to  this,  though  the  steel  tank  on  steel  columns  had  been  used 
quite  extensively,  its  general  adoption  had  been  prevented  by  the  ex- 
pense incident  to  the  method  of  construction.  The  tanks  had  generally 
been  flat-bottomed,  supported  on  the  columns  by  heavy  floor-beams  and 
closely-spaced  joists,  though  there  had  been  some  instances  of  tanks 
with  conical  bottoms,  and  also  with  segmental  bottoms,  both  these  forms 
necessita.ting  materially  more  metal,  as  well  as  more  expensive  shop 
work,  than  did  the  full  hemispherical  bottom  produced  by  Mr.  Horton. 
The  method  he  adopted,  too,  for  dishing  these  bottom  plates,  was  novel 
and  inexpensive.  The  result  of  these  improvements,  as  well  as  of  the  en- 
ergy and  skill  with  which  the  sale  of  the  structures  was  promoted  by 
him,  has  been  the  general  adoption  of  this  form  of  elevated  tank,  and  ex- 
amples thereof  are  to  be  found  in  all  portions  of  America,  and  the  world 
generally,  many  of  which  ai-e  the  product  of  his  shop. 

Mr.  Horton's  skill  and  courage  as  a  contractor  fully  equalled  and 
perhaps  surpassed  his  ability   a>   an  engineer.     In  his  case,   the  engi- 
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neer  and  contractor  were  one.  Being  satisfied  that  a  certain  thing  was 
feasible,  he  had  the  courage  and  skill,  both  as  an  engineer  and  as  a 
contractor,  to  carry  it  out.  If  the  state  of  the  art  did  not  provide 
the  toolfs  and  facilities  to  suit  him,  he  promptly  devised  them.  He  had 
a  great  deal  of  ingenuity,  amounting  to  the  true  inventive  instinct, 
and  his  shops  contain  many  evidences  thereof.  So  far  as  known,  how- 
ever, he  never  patented  any  improvement  he  made. 

i[r.  Cooper  vouches  for  the  following,  which  is  worth  telling  as 
characteristic  of  the  man,  and  goes  to  show  that  the  same  person 
may  be  at  once  shrewd  and  a  money  maker,  and  withal  a  generous  man : 

"Along  about  1891  a  strong  competitor  of  Horton's  was  forced  into 
the  hands  of  a  receiver.  I  happened  to  be  in  the  office  the  next  morn- 
ing after  the  failure,  and  Ilorton,  seeing  the  notice  of  the  failure  in 
the  morning's  paper,  ordered  me  to  bring  him  his  check  book,  and  he 
thereuiion  drew  a  check  for  $5,000  to  the  order  of  the  President  of  that 
company  and  sent  it  to  him  with  a  brief  note,  stating  that  he  un- 
doubtedly needed  a  little  household  money  and  asked  him  to  accept  the 
check  with  his  best  compliments.  As  far  as  I  know,  and  I  think  I  am 
correctly  advi.<;ed,  this  check  was  never  repaid,  and  was  never  expected 
to  be  repaid  by  Horton." 

The  foregoing  incident  seems  to  his  biographers  to  be  especially  typi- 
cal of  the  man,  who,  throughout  his  life,  was  large  minded  enough  to  act 
outside  and  above  conventionality.  He  was  probably  influenced  in 
this  case,  strange  as  it  may  seem,  by  the  very  reason  that  he  was 
neither  the  same  kind  of  a  man  nor  an  intimate  friend. 

Mr.  Horton  was  married  in  1871  to  Miss  Emma  Babcock,  of 
Waupun,  Wis.  She  survives  him,  with  their  five  children,  George  T. 
Horton,  Mrs.  K.  Koessler,  and  Horace  B.  Horton,  of  Chicago;  Mrs.  R. 
H.   ^[urray,  and  Hiram   T.  Horton.  of  Greenville.  Pa. 

He  died  at  his  home  in  Chicago  on  July  29tli.  1912,  aged  69,  and 
was  buried  at  Rochester,  ^linn. 

Mr.  Horton  had  a  long  list  of  friends  who  admired  his  personal 
qualities  and  who  recognized  his  professional  talent  by  electing  him  as 
President  of  the  Western  Society  of  Engineers,  and  as  a  Director  of 
the  American   Society   of   Civil  Engineers. 

^fr.  Horton  contributed  to  the  Transactions  of  this  Society  dis- 
cussions on  the  following  subjects :  "The  Halsted  Street  Lift  Bridge," 
"Elevated  Railroads,"  "Safe  Stresses  in  Steel  Columns."  and  "Tests 
of  Large  Steel  Columns."  He  was  the  author  of  the  following  papers 
in  the  Journal  of  the  Association  of  Engineering  Societies:  "Bridge 
Legislation"  and  "The  Compressive  Member."  Mr.  Horton's  "Ad- 
dress," as  President  of  the  Western  Society  of  Engineers  may  be  found 
in  the  first  volume  of  the  Joxirnal  of  that  society,  to  which  he  also 
contributed  discussions  on:  "Specifications  for  Steel  Railroad  Bridges," 
"Northern  Pacific   Standard   Bridge   Plans,"   "Specifications  for   Steel 


1506  MEMOIR  OF  CHARL?:S  DE  LA  PLAKE  ATTERBURY         [Memoirs. 

Structures,"  "Modern  Practice  in  Bridge  Shop  Work,"  and  "Curious 
Lattice  Trusses." 

Each  of  these  papers  and  discussions  will  be  found  interesting, 
even  to  the  layman,  from  the  ability  shown  to  discuss  the  most  complex 
questions,  in  simple  language,  and  comparatively  free  from  formulas. 

Isham  Randolph,  M.  Am.  Soc.  C.  E.,  in  a  letter  to  the  writers,  but 
voices,  we  believe,  the  judgment  of  the  Engineering  fraternity: 

"Often  we  come  in  contact  with  men  of  heroic  statvire,  whose  only 
claim  to  consideration  is  a  physical  appeal  to  the  eye;  from  within  the 
human  effigy  there  comes  forth  to  fellow-man  nothing  helpful,  nothing 
to  be  admired. 

"How  different  it  was  with  Horace  E.  Horton.  There  was  a  man 
of  commanding  stature,  manifestly  of  great  physical  strength,  but  with 
no  faint  suggestion  of  brute  force.  His  noble  head  towered  above  his 
broad  shoulders,  and  his  whole  appearance  was  but  'the  outward  and 
visible  sign'  of  a  great  personality,  dominated  by  a  bigness  of  mind  and 
of  heart  that  made  him  both  a  leader  and  friend  of  his  fellow-man, 
and  won  for  him  not  alone  the  esteem,  but  the  love  of  those  with  whom 
he  came  in  contact  in  the  varied  relations  of  a  life  lived  on  a  broad 
plan   of   usefulness. 

"These  are  my  epitomized  thoughts  of  a  man  whom  I  admired  and 
whose  friendship  I  valued." 

Horace  E.  Horton  was  elected  a  Member  of  the  American  Society 
of  Civil  Engineers  on  September  6th,  1882,  and  served  as  a  Director 
during  1907-08-09. 


CHARLES  DE  LA  PLANE  ATTERBUKY,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  June  3d,  1912. 


Charles  De  La  Plane  Atterbury  was  born  at  Howard  City,  Mich., 
on  June  3d,  1878.  His  earlier  years  were  spent  in  Utah,  where  he 
received  instruction  in  private  schools,  and,  for  a  short  time,  at  the 
University  of  Utah. 

He  took  up  work  as  a  telegraph  operator  at  Murray,  Utah,  for  the 
Rio  Grande  Western,  and  later  was  employed  in  the  same  capacity 
and  as  Agent  on  various  roads  and  in  various  places  in  Oregon,  Wash- 
ington, and  Idaho. 

Mr.  Atterbury  began  his  technical  education  when  he  entered  Leland 
Stanford,  Jr.,  University,  as  a  freshman  in  1901.  His  sophomore  year 
was  spent  at  the  University  of  Oregon,  and  his  junior  year  at  the 
Colorado  School  of  Mines.  Practical  experience  in  mining  engineering 
in  Colorado  was  later  found  to  be  of  considerable  benefit  to  him  in 
his  chosen  work.  He  again  entered  Stanford  University  as  a  senior 
in  1904,  and  it  was  here  that  the  writer  met  and  worked  with  him 
♦Memoir  prepared  by  H.  B.  Langille.  Esq. 
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in  various  courses  during  the  year,  learning  all  the  while  the  many 
sterling  and  admirable  qualities  of  a  character  best  known  only  to 
those  in  close  a.ssociation  with  him. 

Before  graduation,  in  the  spring  of  1905,  he  passed  the  examina- 
tion for  Engineering  Aid  in  the  Reclamation  Service,  with  such  stand- 
ing as  to  merit  immediate  appointment.  He  was  assigned  to  duty  on 
the  irrigation  project  at  Hazen,  Nev.,  for  a  short  time  on  office  work; 
later,  he  had  charge  of  a  party  in  the  field.  His  ambition  was  not 
satisfied  with  the  slower  chances  for  advancement  in  Government  work, 
so  he  resigned  to  enter  the  employ  of  a  large  cori^oration  engaged  in 
Alaska  railroad  development.  On  leaving  this  service  he  returned  to 
Tacoma,  Wash.,  and  entered  the  employ  of  the  Oregon-Washington 
Railroad  as  Division  Engineer  on  a  branch  road  near  Centralia,  Wash. 
After  the  completion  of  the  road,  he  opened  an  office  in  Centralia, 
making  a  specialty  of  mine  surveys  in  the  coal  region  there,  his  previ- 
ous experience  fitting  him  for  success  in  that  work. 

In  the  spring  of  1908  Mr.  Atterbury  was  appointed  Assistant  City 
Engineer  of  Centralia  under  Mr.  Bullard,  then  City  Engineer,  and, 
on  the  resignation  of  the  latter,  some  months  later,  was  appointed  to 
fill  the  vacancy.  Many  substantial  improvements  were  made  in  Cen- 
tralia and  the  neighboring  city,  Chehalis,  during  his  term  of  office 
as  City  Engineer,  for  the  success  of  which  he  was  in  large  measure 
responsible. 

A  change  in  the  form  of  government  and  personnel  of  city  officers 
induced  Mr.  Atterbury  to  resign  in  the  spring  of  1912,  dispose  of  his 
home,  and  return  to  California.  He  immediately  entered  the  employ 
of  a  large  contracting  firm  in  San  Francisco,  and  was  engaged  in 
special  construction,  the  requirements  of  which  necessitated  work  in 
the  tule  bottom  lands  along  the  Sacramento  River.  During  the  ex- 
cessively warm  weather  of  1912  his  party  suffered  much  from  heat 
and  lack  of  good  water,  Mr.  Atterbury  being  much  more  affected  than 
the  others,  due  to  his  having  come  so  recently  from  the  cooler  northern 
State.  On  the  Friday  preceding  his  death,  which  occurred  on  June  3d, 
1912,  he  was  partly  overcome  by  the  heat,  but  quickly  recovered  and 
made  light  of  the  occurrence.  His  wife,  however,  induced  him  to 
come  to  San  Francisco  for  Saturday  and  Sunday,  with  the  intention 
of  giving  up  that  work  altogether.  His  characteristic  conscientious- 
nes.s  and  sense  of  duty  to  his  employers'  interests  compelled  him  to 
return  to  the  work,  it  being  his  intention  to  remain  only  ^fonday 
and  Tuesday. 

Work  was  prevented  by  the  heat  on  Monday,  but  it  was  resumed 
on  Tuesday,  which,  however,  proved  to  be  the  hottest  day  of  the  year. 
In  the  tule  rushes,  which  are  10  or  12  ft.  high,  the  air  does  not  move 
near  the  ground,  hence  is  excessively  moist  and  warm.  The  party 
started  to  return  in  the  middle  of  the  afternoon,  two  of  the  stronger 
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men  being:  sent  ahead  for  water.  On  their  return,  while  cautiously 
making  their  way  through  the  tules  to  avoid  being  seen,  they  were 
observed  by  the  others,  and,  as  is  usual  in  such  cases  when  help  ar- 
rives. Mr.  Atterbury  succumbed  and  fell.  Some  water  and  much  rough 
handling  brought  him  to  his  feet  again,  but  for  a  short  time  only, 
when  he  fell  once  more  and  died  before  he  could  be  carried  to  the 
nearest  shelter.  Two  others  of  the  party  were  overcome  also,  but 
were  revived. 

This  was  another  instance  of  that  quality  of  devotion  to  duty  so 
frequently  found  in  the  Engineering  Profession,  and  so  strongly  mani- 
fested in  Mr.  Atterbury.  His  was  a  character  at  once  lovable,  quiet, 
and  unassuming;  he  was  devoted  to  his  family,  loyal  to  his  friends, 
purposeful,  resourceful,  and  with  high  ideals  of  personality  and  pro- 
fession; a  clean,  manly  man  whose  passing  is  a  distinct  loss  to  his 
Profession  and  to  the  community  in  which  he  lived. 

In  May,  1907,  Mr.  Atterbury  was  married  to  Miss  Ida  Small,  whom 
he  met  while  at  Stanford,  and  who,  with  two  children,  survives  him. 

Mr.  Atterbury  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  November  8th,  1909. 


CHARLES  HARRY  TISDALE,  Assoc.  M.  Am.  Soo.  C.  E.* 


Died  April  30th,  1913. 


Charles  Harry  Tisdale,  the  youngest  child  of  Benjamin  F.  and 
Eliza  H.  Tisdale,  was  born  in  New  Orleans,  La,.,  on  May  30th,  1874, 
but  after  living  there  only  a  short  time  the  family  removed  to  the 
country  just  outside  of  Baton  Rouge,  La.,  where  his  early  boyhood 
was  passed.  He  attended  the  small  country  schools,  but  learned  princi- 
pally from  his  mother's  tuition.  The  family  afterward  removed  into 
the  City  of  Baton  Rouge,  where  he  attended  the  public  schools.  He 
then  entered  Louisiana  State  University,  from  which  he  was  graduated 
in  1895  with  the  degree  of  B.  S. 

His  first  work  was  to  teach  school  at  Brusle'  Landing,  West  Baton 
Rouge  Parish,  La.,  where  he  met  the  young  lady  who  afterward  became 
his  wife. 

He  taught  school  only  one  term,  and  then  accepted  a  position  under 
Col.  George  McC.  Derby,  M.  Am.  Soc.  C.  E.,  who  then  had  charge 
of  the  Fourth  Mississippi  River  District,  with  headquarters  in  New 
Orleans.  Mr.  Tisdale  was  in  that  office  only  a  short  time,  being  em- 
ployed in  the  Drafting  Department;  afterward  he  went  into  the  field 
as  Inspector  of  levee  construction. 

*  Memoir  prepared  by  Robert  R.  Tisdale,  Esq. 
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111  l\)0-2  he  was  transferred  to  the  Mobile,  Ala.,  District,  where  he 
worked  in  the  Drafting  Department  for  about  a  year.  He  was  then  sent 
into  the  field  and  served  successively  as  Recorder,  Inspector,  and  Junior 
Enyinecr.  in  connection  with  the  building  of  locks  and  dams  on  the 
Alabama  and  Tombigbee  Kivers,  Ala. 

In  the  early  part  of  190G,  Col.  H.  C.  Newcomer,  who  was  then  in 
charge  of  the  Chattanooga,  Tenn.,  District,  sought  a  capable  man  to 
place  in  local  charge  of  the  iirojected  lock  and  dam  at  Hales  Bar  on 
the  Tennessee  Kiver.  Mr.  Tisdale  was  selected  for  the  position,  was 
ai)i)ointed  Junior  Engineer  on  February  1st,  1906,  and  placed  in  charge 
of  the  work.  He  was  there  when  ground  was  broken,  and  remained 
in  charge  until  his  death.  There  he  had  his  greatest  sorrow,  his  yovuig 
wife  being  called  away  without  a  moment's  warning.  His  only  con- 
solation seemed  to  be  his  work,  in  which  he  absorbed  himself.  He  saw 
it  growing  toward  completion  after  many  difficulties  had  been  over- 
come, and  yet  he  was  not  spared  to  see  it  completed.  He  knew  every 
inch  of  the  construction  and  every  man  connected  with  it  in  any  way. 
When  finished  it  will  be  an  enduring  monument  to  him.  As  the  mighty 
Tennessee  rolls  onward  past  the  dam,  between  the  mountains  standing 
like  sentinels  over  it,  as  the  turbines  whirl  in  the  current  and  manu- 
facture light  and  power  for  distant  Chattanooga,  they  will  bear  wit- 
ness to  the  faithfuhiess  of  the  one  who  wrought  so  earnestly  and  yet 
did  not  live  to  see  the  completion  of  the  great  project. 

Faithful  to  friends,  loving  toward  his  family,  and  zealous  in  the 
I)erformnnce  of  his  duty,  he  is  mourned  by  many. 

Cliarles  Harry  Tisdale  was  elected  an  Associate  Member  of  the 
American  Society  of  Civil  Engineers  on  October  31st,  1911. 
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Discussion Aug., 

'  The  Storage  of  Flood- Waters  for  Irrigation:  A  Study  of  the  Supply  AvaiN 
able  from  Southern  California  Streams."  A.  M.  Strong.  (To  be  pre- 
sented Sept.  3d,  1913) May,  " 

'  Modern  Pier  Construction  in  New  York  Harbor."    Charles  W.  Staniford. 

(To  be  presented  Sept.  8d.  1913.) May,  " 

'  The  Use  of  Cement  for  Excluding  Water  from  Oil  Sands  in  Drilling  Wells." 

Paul  M.  Paine May,         " 

'The   Prewitt    Reservoir    Proposition."    J.  C.  Ulrich.     (To  be  presented 

Sept.  irth.  1913. ) May, 

'Physical  Valuation  of  Railroads."    William  J.  Wilgus.    (To  be  presented 

Oct.  Isi,  1913.) May, 

Discussion Aug.,         " 

'  Flood  Flows."     Weston  E.  Fuller.     (To  be  presented  Oct.  15th,  1913) May,         " 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


September  3d,  i9'3- — The  meeting-  was  called  to  order  at  8.30 
p.  M.;  Vice-President  J.  Waldo  Smith  in  the  chair;  Charles  "Warren 
Hunt,  Secretary;  and  present,  also,  121  members  and  15  guests. 

The  minutes  of  the  meetings  of  May  21st,  June  4th,  and  of  the 
Annual  Convention,  -were  approved  as  printed  in  Proceedings  for 
August,  1913. 

A  paper  by  A.  M.  Strong,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "The 
Storage  of  Flood  Waters  for  Irrigation :  A  Study  of  the  Supply  Avail- 
able from  Southern  California  Streams,"  was  presented  by  title  and 
the  Secretary  read  a  communication  on  the  subject  from  Charles  H. 
Lee,  Assoc.  M.  Am.  Soc.  C  E. 

A  paper  by  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E.,  entitled 
"Modern  Pier  Construction  in  New  York  Harbor,"  was  presented  by 
title,  and  communications  on  the  subject,  from  Messrs.  E.  G.  Walker, 
Edwin  J.  Beugler,  and  Harrison  S.  Taft,  were  read  by  the  Secretary. 
The  paper  was  discussed  orally  by  Messrs.  F.  R.  Harris,  S.  M.  Purdy, 
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B.  H.  Wait,  L.  D.  Cornish,  F.  Lavis,  J.  P.  Snow,  F.  A.  Snyder,  R.  T. 
Betts,  T.  B.  Shertzer,  and  C.  H.  Stengel. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  September  3d,  1913 : 

As  Members 

John  William  Craig,  Baltimore,  Md. 

Arthur  Crumpton,  Port  Hope,  Ont.,  Canada 

John  Samuel  Eastwood,  San  Francisco,  Cal. 

John  Morrice  Roger  Fairbairn,  Westmount,  Que..  Canada 

Horace  Williams  King,  Ann  Arbor,  Mich. 

John  Hancock  Lance,  Wilkes-Barre,  Pa. 

William  Junius  Lester,  Pueblo,  Colo. 

Walter  Huntley  Mansfield,  Troy,  N.  Y. 

Harry  Alonzo  Noble,  Berkeley,  Cal. 

Frank  Louis  Raschig,  Cincinnati,  Ohio 

Edward  Manly  Royall,  Jr.,  Charleston,  S.  C. 

Robert  Carlos  Sattley,  Chicago,  111. 

William  Stanton  Twining,  New  York  City 

As  Associate  Members 

Tames  Perrie  Alvey,  Jr.,  Chicago,  111. 
Bertrand  Don  Barker,  Chicago,  111. 
Joseph  L  Burkholder,  Parma,  Idaho 
Alfred  John  Cleary,  San  Francisco,  Cal. 
Frederick  George  Cross,  Bassano,  Alberta,  Canada 
Edwin  Sanford  Cullings,  Albany,  N.  Y. 
David  Hesba  Dugan,  Chillicothe,  111. 
Conrad  Francis  Dykeman,  Brooklyn,  N.  Y. 
GwYNNE  Wallace  Ellis,  Kansas  City,  Mo. 
Morris  Cable  Emanuel,  Fort  Smith,  Ark. 
Thomas  Willard  Espy,  San  Francisco,  Cal. 
OzRO  Nowlin  Floyd,  Dayton,  Ohio 
Francis  Eugene  Freeland,  Nashville,  Tenn. 
Ralph  Lyman  Harding,  Manila,  Philippine  Islands 
Floyd  Sinnock  Hewes,  Winslow,  Ariz. 
Luther  Romberger  Hoffman,  Detroit,  Mich. 
William  Whitehead  Hurlbut,  Los  Angeles,  Cal. 
Joseph  Frederick  Jackson,  New  Haven,  Conn. 
Lebrecht  Julius  Klug,  Milwaukee,  Wis. 
Herman  Charles  Kuhl,  Fort  Shaw,  Mont. 
Lauritz  Lauritzen,  San  Francisco,  Cal. 
Egbert  Vanhorn  Lawrence,  New  York  City 
George  Thomas  McClean,  Fort  Stevens,  Ore. 
George  Earle  McCurdy,  Glen  Ellyn,  111. 
Evan  Search  Martin,  New  York  City 
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Charles  Rea  Moore,  Perry,  Wash. 

Leroy  Norman  Reeve,  Arrowrock,  Idaho 

Roy  Karl  Schlafly,  Columbus,  Ohio 

John  Joseph  Henry  Sharon,  San  Francisco.  Cal. 

Adolphus  Gustavus  Trost,  El  Paso,  Tex. 

Isaac  Stanley  Walker,  Brooklyn,  N.  Y. 

William  Kemp  Walker,  Wichita,  Kans. 

Roscoe  George  Walter,  Prairie  du  Sac,  W^is. 

Frank  Edwin  Washburn,  Leavenworth,  Kans. 

David  Loyall  Farragut  Watson,  Los  Angeles,  Cal. 

Wade  Clarence  West,  Manila,  Philippine  Islands 

Herbert  Angell  Whitney,  San  Diego,  Cal. 

James  Wilson,  Montchanin,  Del. 

Stanley  Hubert  Wright,  Philadelphia,  Pa. 

Charles  Wuest,  Jr.,  Cincinnati,  Ohio 

As  Juniors 

Fred  Drexel  Bowlus,  Pasadena,  Cal. 

Graham  Bernard  Bright,  Blaeksb\irg,  Va.  -^ 

John  James  Clark,  St.  Louis,  Mo. 

Alfred  Henry  Clarke,  Portland,  Ore. 

Merton  Clyde  Collins,  San  Francisco,  Cal. 

Meyer  Davis,  Beaver  Falls,  Pa. 

James  Gordon  Goodfellow,  Lyttelton,  New  Zealand 

Whitney  Irwin  Gregory,  Louisville,  Ky. 

Alfred  Sparks  Hirzel,  Wilmington,  Del. 

Henry  Collins  Hitt,  Olympia,  Wash. 

Andrew  Hall  Holt,  Burlington,  Vt. 

Frank  Osborne  Lee,  Burlington,  Vt. 

Edwin  Hall  Marks,  Washington,  D.  C. 

William  Floyd  Way,  Fresno,  Cal. 

Walter  John  Willis,  New  York  City 

Calmn  Loughridge  Wilson,  Fort  Worth,  Tex. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  September  8d,  1913  : 

From  Associate  Member  to  Member 

Wallace  Edward  Belcher,  Now  York  City 
Edward  Fryling  Black,  New  York  City 
Orrin  Lawrence  Brodie,  New  York  City 
John  Augustus  Bruce,  Omaha,  Nebr. 
Walter  Charnley,  Sao  Paulo,  Brazil 
Charles  Edwin  Collins,  Philadelphia,  Pa. 
Clarence  Goldsmith,  Charlestown,  Mass. 
Verne  LeRoy  Havens,  New  York  City 
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William  Christian  Hoad,  Ann  Arbor,  IVIich. 
Adolph  Judell,  San  Francisco,  Cal. 
Walter  Burditt  Leane,  Santiago,  Chili 
Charles  Tileston  Leeds,  Pasadena,  Cal. 
Frederick  Ewbank  Leefe,  Florence,  Ore. 
Ira  Welch  McConnell,  Boston,  Mass. 
Chester  Leroy  Post,  Chicago,  111. 
John  Charles  Riedel,  Brooklyn,  N.  Y. 
Edward  Farnum  Rockwood,  Boston,  Mass. 
Vernon  Lyle  Si'llivan,  Buenavista,  Tex. 
Leslie  Abram  Waterbury,  Tucson,  Ariz. 
Gilbert  Case  White,  Charlotte,  N.  C. 
John  Stephen  Worley,  Washington,  D.  C. 

From  Associate  to  Member 

John  Griffiths  Brown,  Philadelphia,  Pa. 
William  Drumm  Sell,  Charleston,  W.  Va. 

From  Associate  to  Assocute  Member 

John  William  Miller,  Seattle,  Wash. 

From  Junior  to  Associate  Member 

Nathan  Benedict,  Limon,  Costa  Rica 
Claude  Osgood  Brown,  Manila,  Philippine  Islands 
Harold  Hansen  Fitting,  San  Francisco,  Cal. 
Frank  Alvah  Kittredge,  Cloverdale,  Cal. 
George  W  Cass  Lightner,  Montreal,  Que.,  Canada 
Harry  Clifford  McClure,  Toledo,  Ohio 
LeRoy  McWethy,  San  Francisco,  Cal. 
Adelbert  Philo  Mills,  Ithaca,  N.  Y. 
John  Robert  Nichols,  Cambridge,  Mass. 
Herbert  Carleton  Poore,  East  Braintree,  Mass. 
William  Jenner  Powell,  Dallas,  Tex. 
Ralph  Graham  Shankland,  Chicago,  111. 

The  Secretary  announced  the  following  deaths: 

James  Richard  Bell,  of  Ightham,  Kent,  England,  elected  Member, 
September  2d,  1896 ;  died  August  8th,  1913. 

Frederic  Danforth,  of  Gardiner,  Me.,  elected  Member,  September 
2d,  1891 ;  died  June  6th,  1913. 

George  Blinn  Francis,  of  New  York  City,  elected  Junior,  Septem- 
ber 5th,  1883;  Member,  November  7th,  1888;  died  June  9th,  1913. 

James  Charles  Haugh,  of  New  Orleans,  La.,  elected  Member, 
February  2d,  1909;  died  July  6th,  1913. 

Franklin  Allen  Hinds,  of  Watertown,  N.  Y.,  elected  Member, 
May  3d,  1899 ;  died  August  23d,  1913. 
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Ned  Hekbkkt  Janvrin,  of  New  York  City,  elected  Junior,  October 
5th,  1897;  Associate  Member,  June  5th,  1901;  Member,  April  4th, 
1911;  died  July  17th,  1913. 

Alonzo  Tyler  Mosman,  of  Washington,  D.  C,  elected  Member, 
July  1st,  1885;  died  June  9th,  1913. 

Henry  Alexander  Harris,  of  Princeton,  N.  J.,  elected  Junior, 
October  31st,  1899;  Associate  Member,  June  7th,  1905;  died  January 
9th,  1913. 

Alberto  de  la  Torre,  of  Girardot,  Colombia,  elected  Associate 
Member,  October  3d,  1906;  date  of  death  unknown. 

Samuel  Stockton  Bogart,  of  New  York  City,  elected  Associate, 
April  7th,  1886;  died  May  29th,  1913. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

September  3d,  1913.— President  Swain  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs,  Bates,  Bush, 
Clarke,  Edwards,  Endicott,  Gerber,  Metcalf,  Ockerson,  Kidgway,  Smith, 
Snow,  and  Thomson. 

The  appointment  of  a  Special  Committee  to  Study  the  Question  of 
Floods,  Flood  Prevention,  and  other  allied  subjects,  was  considered. 

The  appointment  of  a  Special  Committee  to  report  on  Water  Legis- 
lation was  considered. 

A  payment  of  $25  000  to  reduce  the  mortgage  debt  of  the  Society 
was  authorized. 

The  Report  of  the  Nominating  Committee  was  received. 

The  Secretary  reported  that  President  Swain,  in  accordance  with 
the  authority  of  the  Board,  has  appointed  Messrs.  Charles  M.  Spoiford, 
Walter  L.  Webb,  and  Daniel  W.  Mead  a  Committee  to  Recommend 
the  Award  of  Prizes  for  the  year  ending  with  the  Transactions  of  July, 
1913. 

The  formation  of  the  Seattle  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  reported,  and  the  Constitu- 
tion of  that  Association,  as  forwarded  for  the  consideration  of  the 
Board,  was  approved. 

The  formation  of  the  Portland  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  reported,  and  the  Constitu- 
tion of  that  Association,  as  forwarded  for  the  consideration  of  the 
Board,  was  approved. 

The  method  of  selecting  the  Nominating  Committee  was  consid- 
ered, and  a  resolution  passed  unanimovisly,  that  it  is  the  sense  of  the 
Board  that  there  should  be  no  change  at  this  time  in  the  method  here- 
tofore used,  and  the  Secretary  was  instructed  to  proceed  with  the 
issue  of  circulars,  etc.,  in  the  usual  manner. 

The  resignations  of  2  Members,  1  Associate  Member,  and  2  Juniors 
were  accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
13  Members.  40  Associate  Members,  16  Juniors,  and  the  transfer  of  12 
Juniors  to  the  grade  of  Associate  Member. 

Twenty-one  Associate  Members  and  2  Associates  were  transferred 
to  the  grade  of  Member,  and  1  Associate  was  transferred  to  the  grade 
of  Associate  Member. 

Adjourned. 
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ANNOUNCEMENTS 

The   House   of   the    Society    is    open    from   9   A.  M.  to  10   P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 


Christmas  Day 


FUTURE   MEETINGS 


October  ist,  1913.— 8.30  P.  M. — A  reaular  business  meeting  will 
be  held,  and  a  paper  by  William  J.  Wilgus,  M.  Am.  Soc.  C.  E.,  entitled 
"Physical  Valuation  of  Railroads,"  will   be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  May,  1913. 

October  15th,  1913.— New  Orleans  Meeting.— The  meeting  of  the 
Society  sclieduled  for  October  15th,  1913,  will  be  held  in  New  Orleans, 
La.,  and  a  paper  by  W.  E.  Fuller,  M.  Am.  Soc.  C.  E.,  entitled  "Flood 
Flows,"  will  be  presented  for  discussion.  Mr.  Fuller's  paper  was 
printed  in  Proceedings  for  May,  1913. 

In  connection  with  this  Meeting  the  Louisiana  Members  have  ar- 
ranged a  progTamme  covering  Wednesday,  Thursday,  Friday,  and 
Saturday,  October  15th  to  18th,  inclusive,  and  it  is  hoped  that  there 
will  be  a  large  attendance  of  the  members  and  the  ladies  of  their 
families. 

Arrangements  for  this — the  first  Society  Meeting,  other  than  the 
Annual  Convention,  held  away  from  headquarters — are  in  the  hands  of 
the  following: 

Local  Committee. — Frank  M.  Kerr,  J.  F.  Coleman,  E.  L.  Jahncke. 
Sidney  F.  Lewis,  Arsene  Perrilliat,  A.  M.  Shaw,  W.  H.  Williams, 
A.  M.  N.  Blamphin. 

The  address  of  the  Committee  is  lioDui  920,  ITibcM-uia  Bldg.,  New 
Orleans.  La. 

Headquarters. — The  Headquarters  of  the  Society  will  be  the  (Irune- 
wald  Hotel. 

Hotel  Reservations. — It  is  very  desirable,  in  view  of  the  fact  that 
another  Convention  is  to  be  held  in  New  Orleans  overla])piug  the  dates 
for  this  Meeting,  that  hotel  reservations  be  made  as  soon  as  possible, 
addressing  the  Local  Committee.  Prompt  attention  in  this  matter  is 
urged,  not  only  that  the  best  accommodations  available  may  be  secured, 
but  also  to  enable  the  Committee  to  know  the  numbei-  who  will  take 
part  in  the  various  excursions  and  entertainments. 

Programme. — The  following  programme  has  been  arranged.  It  is 
subject  to  minor  changes,  and  it  is  here  printed  for  the  information 
of  the  Membership. 

It  is  hoped  that  Members  may  arrange  to  arrive  in  New  Orleans 
on  Tuesday,  October  14th. 
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New  Orleans  Meeting  (Continued) 

Wednesday,  October  15th. — 10  A.  M. — Meeting  of  Society. 

(1)  Brief  Welcoming  Addresses  by  the  Governor  of  Louisiana, 

the  Mayor  of  New  Orleans,  and  the  President  of  the 
Louisiana  Engineering  Society. 

(2)  Brief  talk  by  a  local  Member  descriptive  of  topographical 

peculiarities  of  New  Orleans  and  vicinity,  and  calling 
attention  to  technical  practice  in  this  territory  which, 
by  reason  of  local  conditions,  is  different  from  the  usual 
standard  practice  elsewhere. 

(3)  Address  on  the  Problem  of  Mississippi  River  Control. 
Afternoon :  Automobile  trip  through  the  City. 

8  P.  M.     Meeting  of  Society. 

(1)  Paper  entitled  "Flood  Flows,"  by  Weston  E.  Fuller,  M.  Am. 

Soc.  C.  E. 

(2)  Illustrated  address  on  the  Sewerage,  Drainage,  and  Water 

Works  of  New  Orleans. 

Thursday,  October  16th. — 10  A.  M.  River  trip  in  New  Orleans 
Harbor;  Lunch  on  steamer.  Automobile  trip  from  steamer  to  Water 
Filtration  Plant,  then  to  a  tj^ical  Drainage  Pumping  Station  and  to 
other  points  of  Engineering  interest,  returning  to  hotels  about  5 :30 
P.  M. 

8  P.  M.  Smoker  and  Entertainment,  which  it  is  hoped  the  ladies  of 
the  party  will  attend. 

Friday,  October  17th. — In  the  morning,  under  special  guides,  parties 
will  be  taken  through  the  old  French  Quarter. 

In  the  afternoon  a  Garden  Party  will  be  given  at  the  Country  Club. 
Golf  on  Links  of  Country  Club  for  those  who  play  that  game. 

8  :30  P.  M.    Dinner  Dance. 

Saturday,  October  18th. — The  day  will  be  devoted  to  a  visit  to 
Avery's  Island  Salt  Mines  near  New  Iberia,  La.,  by  special  train,  with 
probable  stop-over  to  inspect  a  large  sugar  estate.  Returning  to  New 
Orleans  about  6  P.  M. 

Excursion  to  Panama. — It  has  been  suggested  that  some  of  the 
Members  may  desire  to  visit  the  Panama  Canal  in  connection  with  this 
meeting. 

The  United  Fruit  Company's  steamers  sail  from  New  Orleans  to 
Panama  on  Saturday  morning,  and  reservations  will  be  made  by  the 
Local  Committee  for  those  who  will  inform  them  of  their  intention  to 
make  the  trip. 

November  5th,  1913.— 8.30  P.  M.— This  will  be  a  regular  busi- 
ness meeting.  Two  papers  will  be  presented  for  discussion,  as  follows: 
"Concrete  Bridges:  Some  Important  Features  in  Their  Design,"  by 
Walter  M.  Smith,  Sr.,  M.  Am.  Soc.  C.  E.,  and  Walter  M.  Smith,  Jr., 


September,  1913.]  ANNOUNCEMENTS  583 

Jun.  Am.  Soc.  C.  E.;  and  "The  Effect  of  Saturation  on  the  Strength 
of  Concrete,"  by  J.  L.  Van  Ornuni,  !^^.  Am.  Soc.  C.  E. 

These  papers  were  printed  in  Proceedings  for  August,  1013. 

November  19th,  1913.— 8.30  P.  M.— At  this  meeting  a  paper  by 
Riclinrd  R.  Lyman,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Measurement 
of  the  Flow  of  Streams  by  Approved  Forms  of  Weirs,  with  New  Formu- 
las and  Diagrams,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES  IN  THE   LIBRARY 

In  January',  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

;^^embe^s  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings.  I , 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter  suitable  for  oral   discussion,  will  be   published   as   heretofore   in 

*  Pioceedings,  Vol.  XXXIII,  p.  20  (January.  1907);  Vol.  XXXVII,  p.  28  (January,  19]!). 
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Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the. 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Siich  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
June.  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  K.  W.  Toll,  Jun.  Am.  Soc.  C.  E.,  700  Tramway 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Cub. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association 

On  March  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
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officers:  Artlnir  Pew,  President;  William  A.  Tlansell.  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazlehurst  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  University  Club. 

Seattle  Association 

On  June  30th,  1913,  the  Seattle  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized  with  the  following 
officers:  Samuel  II.  Hedges,  President;  Ernest  B.  Hussey,  Vice- 
President  ;  and  Joseph  Jacobs,  Secretary-Treasurer. 

Philadelphia  Association 

At  its  meeting  of  June  4th,  1913,  the  Board  of  Direction  of  the 
Society  considered  and  approved  the  proposed  Constitution  of  the 
Philadelphia  Association  of  Members  of  the  American  Society  of 
Civil  Engineers. 

Portland  Association 

(Abstract  of  Minutes  of  Meeting) 
June     i8th,     i9'3. — At  a   meeting  held  at  the  Commercial   Club, 
Portland,  Ore.,  F.  I.  Fuller,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Charles 
J.  McGonigle,  M.  Am.   Soc.  C.  E.,   Secretary;   and  present,   also,  22 
members  of  the  Society,  the  following  business  was  transacted: 

E.  G.  Hopson,  M.  Am.  Soc.  C.  E..  Chairman  of  the  Committee  on 
Organization,  read  a  letter  from  Charles  Warren  Hunt,  Secretary 
of  the  American  Society  of  Civil  Engineei-s,  and  recommended  that 
the  constitution  and  by-laws  of  the  San  Francisco  Association  be 
adopted  with  amendments  to  suit  the  local  conditions. 

A  resolution  was  adopted  to  organize  formally  a  Portland  Associa- 
tion of  Members  of  the  American  Society  of  Civil  Engineers,  to  be 
effective  if  40  members  become  enrolled. 

The  constitution  and  by-laws  of  the  San  Francisco  Association  were 
read  by  the  Secretary,  voted  on  article  by  article,  and,  with  necessary 
amendments,  adopted  by  unanimous  vote. 

A  Committee  on  Nomination,  Mr.  Mason,  Chairman,  recommended 
the  election  of  the  following  officers,  and  they  were  elected  by  unani- 
mous vote: 

President,  E.  G.  Hopson, 
First  Vice-President,  W.   S.  Turner, 
Second   Vice-President,   D.   D.   Clarke, 
Treasurer,  G.  B.  Hegardt, 
Secretary,  Charles  J.  McGonigle. 

Mr.  Hopson  took  the  chair. 

A  motion  was  adopted  that  the  Board  of  Directors  of  the  Associa- 
tion offer  to  act  in  an  advisory  capacity  to  the  Mayor  and  Commis- 
sioners of  Portland  in  the  selection  of  a  City  Engineer. 

(In  accordance  with  this  motion,  the  Board  of  Directors  met  on 
June  19t]i,  1913,  and  instructed  the  President,  Mr.  Hopson,  to  consult 
with  the  flavor  and  Conunissioners  in  relation  to  the  appointment  of  a 
City  Engineer.) 
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A  motion  was  adopted  that  it  is  the  sense  of  this  Association  that 
the  City  Engineer  of  Portland  should  receive  a  salary  commensurate 
with  the  position  and  favorably  comparable  with  the  salaries  paid  to 
City  Engineers  in  other  cities. 

Adjourned. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and   at  all  meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

'New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architekten=Verein   zu   Berlin,  Wilhelmstrasse    92,   Berlin    W.    66, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,   Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremout    Temple,  Boston, 

Mass. 
Brooklyn  Engineers*  Club,  117  llemsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce   Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,   Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Out., 

Canada. 
Engineers'  Society  of    Northeastern   Pennsylvania,    302    Board    of 

Trade  Building,  Scran  ton,  Pa. 
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Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of   Marine   Engineers,  58  Romford  Road,  Stratford,  Lon- 

ilon,  K.,  En^rlaiul. 
Institution    of    Engineers   of    the  River   Plate,    Buenos   Aires,   Ar- 

irentiiie  llepulilic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

EuixIaiKl. 
Junior  Institution  of  Engineers,   39    Victoria   Street,   Westminster, 

S.  W.,  London,  England. 
Koninklljk  Instltuut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,   321  Hibernia  Bank  Building,  Neiw 

Orleans,  La. 
Memphis  Engineering  Society,  Memphis,  Tenn. 
Midland    Institute    of    Mining,    Civil    and    Mechanical    Engineers, 

Sliedield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and  Mechanical   Engineers, 

Xewcastle-upon-Tyne,  England. 
Oesterreichischer    Ingenieur-     und     Archltekten-Verein,    Eschen- 

baehijasse  9,  Vienna,  Austria. 
Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 
Rochester  Engineering  Society,  Rochester,  N.  Y. 
Sachsischer  Ingenieur-  und  Architekten-Verein,  Dresden,  Germany. 
Sociedad  Colombiana  de  Ingenleros,  Bogota,  Colombia. 
Sociedad  de  Ingenleros  del  Peru,  Lima,  Peru. 
Societe   des   Ingenieurs   Civils    de   France,  19   Rue  Blanche,  Paris, 

France. 
Society    of    Engineers,    17    Victoria    Street,    Westminster,    S.   W., 

London.  England. 
Svenska    Teknologforeningen,     Brunkebergstorg      18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre   Boulevard  18-1,  Copenhagen,  Denmark. 
Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  August  1st  to  September  2d,  1913) 
DONATIONS* 

PRINCIPLES  AND  METHODS  OP  MUNICIPAL  TRADING. 

By  Douglas  Knoop.  Cloth,  9  x  5|  in.,  17  +  409  pp.  London, 
Macmillan  and  Co.,  Limited,  1912.    $3.25. 

Municipal  trading,  as  discussed  by  the  author,  relates  to  economic  undertakings 
which  are  self-supporting,  and  the  book  embodies,  it  is  stated,  the  results  of  his 
work  and  investigations  on  the  subject  as  Langton  Fellow  at  the  University  of 
Manchester.  His  aim,  the  preface  states,  has  been  to  show  what  has  happened 
in  the  past  and  what  is  being  done  at  the  present  in  municipal  trading,  and  to 
make  a  survey  of  the  most  important  problems  relating  to  the  subject,  his  inquiries 
being  practically  limited  to  Great  Britain  and  Germany.  To  this  end  he  has  de- 
scribed the  policies  and  methods  commonly  adopted  by  local  authorities  in  their 
trading  undertakings,  the  various  reasons  which  have  led  to  the  development  of 
such  trading,  and  the  financial  aspects  of  the  problem,  as  well  as  the  results 
achieved  by  such  enterprises.  The  Chapter  headings  are  :  The  Scope  of  Municipal 
Trading ;  The  Development  of  Municipal  Trading ;  The  Extent  of  Municipal  Trad- 
ing ;  The  Management  of  Municipal  Trades ;  The  Financial  Aspects  of  Municipal 
Trading  ;  The  Selling  Policies  of  Municipal  Trades  ;  The  Labour  Policy  of  Municipal 
Trades  ;  The  Results  of  Municipal  Trading  ;  Summary  and  Conclusion  ;  Appendix  A, 
Bibliographical  Note  ;  Appendix  B,  List  of  Municipal  Tramway  Undertakings  in  the 
United  Kingdom ;  Appendix  C,  Hourly  Traffic  on  Typical  Manchester  and  Glasgow 
Train  Routes.;  Appendix  D,  Supplementary  Statistics  Concerning  Municipal  Trading 
during   1910-11 ;    Index. 

PLANS  OF  GRAIN  ELEVATORS. 

Third  Edition.    Cloth,  12i  x  9i  in.,  illus.,  378  pp.     Chicago,  Grain 

Dealers'   Journal,   1913.     $5.00. 

In  a  sub-title  this  volume  is  described  as  "a  book  in  the  interests  of  the  con- 
struction of  better  grain  elevators",  and  the  preface  states  that  It  is  designed  to 
assist  grain  dealers  in  providing  and  maintaining  first-class  facilities  for  storing, 
handling,  and  cleaning  grain.  Plans  and  views  of  grain  elevators  and  grain  store- 
houses at  various  places  and  for  various  uses  are  given,  together  with  detailed  descrip- 
tions of  the  foundations,  mechanical  equipment,  power  plant  and  transmission 
systems,  scales,  arrangement  of  office  and  working  fioors,  etc.,  of  such  buildings. 
The  Contents  are :  Terminal  Elevators ;  Transfer  and  Cleaning  Elevators  ;  Country 
Elevators. 

CONCRETE  ROADS  AND  PAVEMENTS. 

By  E.  S.  Hanson.  Cloth,  8x5  in.,  illus.,  227  pp.  Chicago,  The 
Cement  Era  Publishing  Company,  1913.     $1.00. 

A  complete  revision  of  the  science  of  roadmaking  has  been  made  necessary 
within  the  last  few  years,  it  is  stated,  on  account  of  the  high-speed  vehicles  now  in 
use,  the  wide  tires  of  which  develop  great  suction.  Concrete  has  come  to  be 
recognized,  it  Is  further  stated,  as  the  best  material  to  meet  these  new  con- 
ditions, and  this  volume,  which  is  said  to  be  a  compilation  of  facts,  has  been  . 
issued  as  a  convenient  handbook  containing  everything  of  value  that  is  known 
to  date  on  the  subject.  It  is  hoped  that  this  book  will  serve  not  only  to  stimulate 
the  construction  of  concrete  roadways,  but  that  it  will  furnish  roadmakers  with 
specific  data  as  to  the  best  class  of  concrete  roads  and  pavements.  The  Contents 
are :  Concrete  as  a  Road  Material  ;  The  Construction  of  Concrete  Roadways  ;  The 
Roads  of  Wayne  County,  Michigan  ;  Cost  of  Concrete  Roads  in  Illinois ;  Other 
Examples  of  Concrete  Roads ;  Some  Data  on  City  Pavements  ;  Reinforced  Concrete 
Pavements  ;  Concrete  in  Combination  with  Other  Materials  ;  Patented  Concrete  Pave- 
ments ;  The  Theory  and  Practice  of  Joints  ;  Some  Tests  on  Concrete  as  a  Roadway 
Material  ;  Bridges  and  Culverts  ;  Sidewalks,  Curbs,  and  Gutters ;  Appendix  A, 
Specifications  of  National  Association  of  Cement  Users — Roads  and  Pavements ; 
Appendix  B,  Wayne  County  Specifications ;  Appendix  C,  Mason  City  Specifications  ; 
Appendix  D,  Specifications  of  Illinois  Highway  Commission  ;  Appendix  E,  Specifica- 
tions for  Blome  Granitoid  Pavement ;  Appendix  F,  Specifications  for  Blome  Grano- 
crete  Pavement;  Appendix  G,  Specifications  for  Bitustone  Pavement;  Appendix  H, 
Specifications  of  Dolarway  Pavement ;  Appendix  I,  Specifications  for  Hassamite ; 
Appendix  J,  Specifications  for  Bridges  and  Culverts  ;  Appendix  K,  Specifications  for 
Sidewalks ;  Appendix  L,  Specifications  for  Curbs  and  Gutters. 

•Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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FABRICATION  DE  LACIER. 

Par  IT.  Noble.  Deiixieme  lulition.  Revue  ct  Augraentee.  Paper, 
10  X  Gi  in.,  illus.,  7  +  G32  pp.  Paris,  IT.  Dunod  et  E.  Pinat,  1913. 
25  francs. 

The  author  states  that  this  volume  Is  devoted  to  a  general  study  of  the  metallurgy 
of  steel,  particularly  of  the  machinery  and  apparatus,  including  the  latest  improve- 
ments, used  in  steelworks.  In  discussing  this  machinery  he  states  that  he 
has  confined  his  study  to  the  general  principles  of  the  subject,  offering  no  criticism 
ot  the  various  types  described  and  avoiding  the  details  of  their  mechanical  con- 
struction. The  Chapter  headings  are :  PropriStSs  Centrales  des  Aciers ;  Etude 
ThSorique  de  la  Conversion  ;  Fontes  de  Conversion,  Cubilots,  Melangeurs  ;  Chaux 
d'Aci^rie ;  Etude  Pratique  de  la  Conversion  ;  Recarburation,  Coulee  en  Poche ; 
Etablisseuient  des  Convortisseurs ;  Garnissages  Basiques ;  Garnissages  Acide ; 
Machines  Soufflantes  :  Etude  Theorique  de  I'Affinage  sur  Sole;  Matieres  Premiftres 
Employees  dans  I'AflRnage  sur  Sole;  Etude  Pratique  de  I'Affinage  sur  Sole;  Chauftage 
des  Fours  Martin  ;  Construction  des  Fours  Martin  ;  Entretien  des  Fours  Martin  ; 
ProcSdes  Mixtes ;  Lingots  d'Acier;  Coulee  en  Lingotieres ;  Poches  et  Appareils  de 
Coulee;    Personnel,    Compatibilite. 

ECONOMIES  IN  BRICKYARD  CONSTRUCTION  AND  OPERATION. 

By  Ellis  Lovejoy.  Cloth,  7^  x  5^  in.,  72  pp.  Indianapolis,  T.  A. 
Randall  &  Co..  191:].     $1.00. 

The  subject-matter  contained  in  this  volume  first  appeared  serially  in  The 
Clay-Worker,  and  is  now  issued  in  book  form  for  handy  use  in  the  brickyard. 
The  author  states  that  as  the  great  waste  in  the  average  brickyard  is  the  result  of 
lack  of  experience,  extravagance  in  construction,  and  operation,  insufficient  capital, 
quality  and  quantity  of  clay  uped,  need  of  cost  systems  and  records,  etc.,  he  has 
written  this  book  as  a  sort  of  review  of  many  investigations  of  such  details  in 
plants  of  various  types  and  at  various  places.  The  Contents  are :  Brick  Business 
Not  so  Simple  as  It  Seems  :  Economies  in  Clay  Gathering ;  Economies  in  the 
Preparation  of  the  Clay ;  Economies  in  the  Feeding,  Pugging  and  Manufacture ; 
Ekonomies  in  Conveying  and  Drying ;  Economies  in  Setting  ;  Economies  in  the 
Burning:  Drawing  Bricks  from  Kilns  and  Sorting;  Use  of  Producer  Gas  in  Burning. 

THE  PRACTICAL  METALLOGRAPHY  OF  IRON  AND  STEEL. 

By  John  S.  G.  Primrose.  Boards,  8^  x  5^  in.,  illus.,  129  pp.  Man- 
chester, England,  The  Scientific  Publishing  Company.     3  shillings. 

This  book.  It  is  stated,  comprises  those  chapters  contained  in  the  second 
edition  ot  Sexton's  "The  Metallurgy  of  Iron  and  Steel",  which  relate  to  metallography. 
The  subject-matter  has  been  revised  and  rewritten  by  the  author,  and  is  published 
as  a  separate  volume  for  use  as  reference  by  the  student  in  metallurgical  engineering 
and  as  an  aid  to  those  who  are  commencing  a  study  of  metallography  by  means  of 
the  microscope,  being  stated  to  be  an  accurate  resume  of  present  knowledge  of  the 
subject.  The  chapter  on  metallographic  apparatus,  it  is  stated,  is  intended  as  a 
guide  for  those  who  contemplate  the  purchase  of  an  outfit  for  use  in  a  works 
laboratory,  and  includes  a  detailed  description  of  the  use  of  the  various  machines. 
The  Contents  are:  Microstructure  of  Iron  and  Steel;  Constitution  of  Iron  and  Steel; 
Heat  Treatment  of  Iron  and  Steel  ;  Micrographic  Examination  of  Failures  ;  Ap- 
pendix I,  Metallographic  Apparatus  and  Its  Manipulation;  Appendix  II,  Bibliog- 
raphy ;   Index. 

AN  INTRODUCTION  TO  THE  MATHEMATICAL  THEORY  OF  HEAT  CONDUCTION: 

With  Engineering  and  Geological  Applications.  By  L.  R.  Ingersoll 
and  O.  J.  Zobel.  Cloth,  8^  x  H  in.,  illus.,  6  +  171  pp.  Boston,  New 
York,  Chicago,  London,  Ginn  and  Company,  1913.     $1.60. 

Although  written  primarily  to  meet  the  need  of  a  suitable  textbook  ou  the  sub- 
ject, the  preface  states  that  the  aim  of  the  authors  in  presenting  this  book  has 
been  two-fold  :  First,  a  development  of  the  subject  with  special  reference  to  the 
needs  of  the  student  wlio  has  neither  the  time  nor  mathematical  preparation  to  pursue 
the  study  at  great  length,  to  which  end,  it  is  said,  fewer  typos  of  problems  have 
been  used  and  less  stress  has  been  placed  on  the  purely  mathematical  derivations 
such  as  uniqueness,  existence  and  convergence  theorems  ;  and  second,  the  presenta- 
tion of  clear  and  specific  applications  of  the  many  theoretical  and  practical  appli- 
cations of  which  the  results  are  susceptible.  It  is  hoped,  that  the  subject-matter 
may  prove. of  interest  to  engineers  as  well  as  to  students,  as  many  applications  have 
been  chosen  with  special  reference  to  their  technical  importance,  for  example,  the 
"theory  of  the  fire-proof  wall".      The  Contents  are  :    Introduction  ;   The  Fourier  Con- 
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duction  Equation  ;  Tbe  Steady  State :  One  Dimension ;  The  Steady  State :  More 
Tiian  One  Dimension  ;  Periodic  Flow  of  Heat  in  One  Dimension  ;  Fourier's  Series  ; 
The  Linear  Flow  of  Heat ;  The  Flow  of  Heat  in  More  Than  One  Dimension  ;  The 
Formation   of   Ice ;    Appendices   A   to   F ;    Index. 

QAS  ANALYSIS. 

By  L.  M.  Dennis.  Cloth,  7|  x  5  in.,  illus.,  16  +  434  pp.  New  York, 
The  Macmillan  Company,  1913.     $2.10. 

The  preface  states  that,  in  its  general  plan,  this  book  follows  the  last  edition 
of  the  English  translation  of  Hempel's  "Methods  of  Gas  Analysis",  full  descriptions 
of  his  methods  of  both  technical  and  exact  gas  analysis  having  been  incorporated 
in  the  text  with  his  permission,  with  modifications,  in  some  cases,  of  the  apparatus  and 
manner  of  its  manipulation.  Procedures  for  determining  most  of  the  gases  to  be 
met  with  in  analytical  work  are  described,  including  certain  methods  of  exact 
analysis  adapted  to  specific  determinations,  and  as  no  attempt  has  been  made  to  in- 
clude descriptions  of  all  the  new  methods,  numerous  references  are  made  in  the 
text  to  original  articles.  The  author  has  not  included,  it  is  stated,  the  separation 
of  the  gases  in  the  argon  group  for  the  reason  that  rapid  and  simple  methods  for 
such  determination  have  not  as  yet  been  perfected.  As  much  is  said  to  depend  on 
the  skill  with  which  the  analytical  work  is  performed,  the  manipulation  of  each 
of  the  generally  used  type  of  apparatus  is  discussed  in  detail.  The  Contents  are  : 
The  Collection  and  Storage  of  Gases  ;  The  Measurement  of  Large  Samples  of  Gas  ; 
The  Measurement  of  Gases  ;  The  Determination  of  a  Specific  Gravity  of  a  Gas ; 
Arrangements  and  Fittings  of  the  Laboratory ;  The  Hempel  Apparatus  for  Exact 
Gas  Analysis  with  Mercury  as  the  Confining  Liquid  ;  the  Construction  an,d  Con- 
nection of  Apparatus  ;  Purification  of  Mercury  ;  Absorption  Apparatus  for  Use  with 
Large  Volumes  of  Gas  ;  The  Combustion  of  Gases ;  The  Determination  of  Gases 
by  Combustion  ;  Properties  of  the  Various  Gases  and  Methods  for  Their  Determina- 
tion ;  F'lue  Gas  Analysis  ;  Illuminating  Gas,  Fuel  Gas ;  The  Determination  of  the 
Heating  Value  of  Fuel  ;  Acetylene  Gas  ;  Examination  of  Atmospheric  Air  ;  The 
Analysis  of  Saltpeter  and  Nitric  Acid  Esters  (Nitroglycerine,  Gun-Cotton)  with  the 
Nitrometer  ;   The  Lunge  Nitrometer  ;   Tables  ;   Indexes. 

ANNUAL  INTERNATIONAL  NUMBER  OF  "THE  SHIPBUILDER,"   1913  : 

A  Survey  of  the  Scientific  and  Technical  Progress  in  Naval  Archi- 
tecture and  Marine  Engineering.  Cloth,  10  x  7J  in.,  illus.,  320  pp. 
Newcastle-on-Tyne,  "The  Shipbuilder"  Press;  London,  Gilbert- Wood 
Press,  1913.    $1.45. 

This  volume,  the  first  number  of  which  was  published  in  June,  1912,  is  stated 
to  be  a  concise  and  comprehensive  survey  of  the  world's  work  in  shipbuilding  and 
allied  industries  for  1913.  It  is  intended  as  a  reference  book  on  the  more  tech- 
nical phases  of  the  industry,  and  contains  many  papers  on  the  subject  read  before 
British  and  foreign  scientific  and  technical  societies.  It  is  also  intended  as  a  re- 
sume of  the  latest  developments  in  naval  architecture  and  marine  engineering  in 
Great   Britain. 

SIMPLIFIED  FORMULAS  AND  TABLES 

For  Floors,  Joists  and  Beams;  Roofs,  Rafters  and  Purlins.  By 
N.  Clifford  Ricker.  Cloth,  9^  x  6  in.,  illus.,  6  +  77  pp._  New  York, 
John  Wiley  &  Sons,  Inc.;  London,  Chapman  &  Hall,  Limited,  1913. 
$1.50. 

The  author  states  that  the  formulas  generally  contained  in  textbooks  on  the 
mechanics  of  engineering  materials,  for  rupture  and  deflection  in  structural  prob- 
lems, are  inconvenient,  because  of  the  large  numbers  which  have  to  be  used  in  their 
computation.  By  transforming  these  formulas  and  changing  lengths  from  inches 
to  feet,  loads  from  pounds  to  tons,  constants  for  material  from  pounds  to  tons, 
and  bending  moments  from  inch-pounds  to  foot-tons,  thus  simplifying  the  results, 
he  gives  in  this  volume,  it  is  stated,  a  simple  system  of  formulas  and  tables 
which  can  be  applied  by  using  a  slide  rule  or  a  four-place  table  of  logarithms, 
and  which  he  hopes  will  be  of  use  to  architects  and  engineers.  Tables  are  included 
for  rectangular  cross-sections  of  timbers  and  standard  cross-sections  of  cast-iron 
lintels,  as  well  as  of  four-place  logarithms,  together  with  a  series  of  numerical 
examples  which  have  been  carefully  worked  out  for  the  application  of  these  formu- 
las. A  partial  list  of  Contents  is  as  follows  :  Ordinary  Formulas  for  Beams  ;  Nota- 
tion in  Ordinary  Formulas;  Table  A  of  Ordinary  Formulas;  Inconveniences  in  Use; 
Method  of  Simplifying  Formulas  ;  Notation  in  Simplified  Formulas  ;  Method  of  Sim- 
plification ;   etc.,  etc. 
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GRAPHICS  AND  STRUCTURAL  DESIGN. 

By  II.  D.  Hess.  Cloth,  9^  x  6  in.,  illus.,  8  +  426  pp.  New  York, 
John  Wiley  iS:  Sons,  Inc.;  London,  Chapman  &  Hall,  Limited,  1913. 
$3.00. 

A  knowledge  of  this  subject  is  necessary  to  the  designer,  the  preface  states, 
while  acquaintance  with  the  methods  used  to  determine  the  stresses  in,  and  the 
design  of.  structures  is  desirable  for  others  in  designing  for  strength,  whether 
for  structures  or  machines.  The  author  states  that  the  volume  is  intended 
for  his  classes  in  General  Engineering  Design  in  Sibley  College,  Cornell  University, 
and  while  the  treatment  of  the  subject  has  been  kept  as  general  as  possible,  it  is 
hoped  it  may  prove  useful  as  a  reference  book  for  designers  whose  work  is  not 
too  highly  specialized.  The  determination  of  stresses  has  not  been  confined  to 
graphical  means,  it  is  stated,  the  usual  methods  having  been  included,  and  the 
problems  discussed  are  those  on  the  border  line  of  Civil  and  Mechanical  Engineer- 
ing. The  Chapter  Headings  are  :  Materials  ;  Graphics  ;  Stresses  in  Structures  ; 
Algebraic  Determination  of  Stresses ;  Influence  Diagrams ;  Tension  Pieces,  Com- 
pression Pieces  and  Reams  :  Columns  ;  Girders  for  Conveyors ;  Trusses,  Bents  and 
Towers  :  Design  of  Steel  Mill  Buildings  ;  Design  of  a  Plate-Girder  Railway  Bridge  ; 
Crane  Frames  :  Girders  for  Overhead  Electric  Traveling  Cranes  ;  Reinforced  Con- 
crete ;  Foundations ;  Chimneys  ;  Retaining  Walls  ;  Bins ;  Shop  Floors  ;  Walls  and 
Roofs  ;  Specifications  ;  Problems  ;  Index. 

THE  THEORY  AND  DESIGN  OF  STRUCTURES: 

A  'J'ext-Book  for  the  Use  of  Students,  Draughtsmen,  and  Engineers 
Engaged  in  Constructional  Work.  By  Ewart  S.  Andrews.  Third  Edi- 
tion. Cloth,  8|  X  51  in.,  illus.,  12  +  618  pp.  London,  Chapman  &  Hall, 
Ltd.,  1913.     9  shillings. 

This  textbook,  it  is  stated,  is  based  on  lecture  notes  used  by  the  author  in  his 
classes  and  from  examples  in  actual  practice.  The  book  is  said  to  be  written 
largely  from  a  graphical  standpoint,  but  many  of  the  problems  are  treated  mathe- 
matically. It  contains,  the  author  states,  some  matter  which  is  not  found  in  English 
textbooks  in  common  use,  such  as,  the  French  or  St.  Venant  method  of  dealing 
with  combined  bending  and  shear  stresses,  the  general  theory  of  curved  beams  and 
non-symmetrical  beams,  and  the  strength  of  heterogeneous  structures  as  reinforced 
concrete,  a  special  effort  having  been  made  to  make  the  chapter  on  struts  and  columns 
clear.  Attention  is  particularly  called  to  the  worked  problems  which  are  said 
to  be  a  feature  of  the  book.  In  this,  the  third  edition,  all  the  new  matter,  the 
most  important  of  which  is  stated  to  be  the  note  on  Stanton's  experiments  on 
wind  pressure  and  the  new  exercises,  is  contained  in  an  Appendix.  The  notation 
in  the  chapter  on  Reinforced  Concrete  has  been  made  to  agree,  it  is  said,  with 
that  proposed  by  the  Concrete  Institute.  The  Chapter  headings  are  :  Stress,  Strain, 
and  Elasticity  ;  Principles  of  Design,  Working  Stresses,  etc.,  Wind  Pressure  ;  Forces, 
Areas,  and  Moments  ;  Riveted  Joints  and  Connections  ;  Bending  Moments  and  Shear- 
ing Forces  in  Beams ;  Stresses  in  Beams  :  Bending  Moments  and  Shearing  Forces 
for  Rolling  Loads  ;  Deflection  of  Beams  ;  Fixed  and  Continuous  Beams  ;  Distribution 
of  Shearing  Stresses  in  Beams  ;  Framed  Structures  ;  Columns,  Stanchions,  and  Struts  ; 
Suspension  Bridges  and  Arches,  Masonry  Structures ;  Reinforced  Concrete  and 
Similar  Structures ;  Desigp  of  Steelwork  for  Buildings,  etc.  :  Design  of  Roofs ; 
Design  of  Bridges  and  Girders ;  Appendix  I  ;  Appendix  II,  Tables  of  Properties 
of  British  Standards  ;   Exercises  ;   Index. 

FURTHER  PROBLEMS  IN  THE  THEORY  AND  DESIGN  OF  STRUCTURES  : 

An  Advanced  Text-Book  for  the  Use  of  Students,  Draughtsmen, 
and  Engineers  lilngaged  in  Constructional  Work.  By  Ewart  S.  An- 
drews. Cloth,  8|  X  o'i  in.,  illus.,  8  -\-  236  pp.  London,  Chapman  & 
Hall,  Ltd.,  1913.    7  shillings,  6  pence. 

As  several  recent  problems  in  construction  which  are  of  interest  and  impor- 
tance to  engineers  were  omitted  in  the  author's  "Theory  and  Design  of  Structures", 
this  book  has  been  written,  it  is  stated,  as  a  supplement  to  that  volume,  the 
general  treatment  of  the  subject-matter  being  the  same  in  both.  .Ml  the  steps  in 
the  mathematical  deductions  have  been  given,  it  is  said,  even  at  the  risk  of  criti- 
cism, as  an  aid  to  the  student.  The  first  portion  of  the  book  deals,  it  is  stated, 
with  the  development  of  the  method  of  Influence  Lines.  This  is  followed  by  the 
Principle  of  Work  and  its  application  to  deflections  of  framed  structures,  redundant 
frames,  and  rigid  arches ;  and  the  last  part  is  devoted  to  a  discussion  of  Portals 
and  Wind  Bracings,  and  Secondary  Stresses.  The  Contents  are :  Influence  Lines ; 
Influence   Lines  for  Simply   Supported   Frames  ;    Influence  Lines   for   Fixed   and   Con- 
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tinuous  Beams  :  Influence  Lines  for  Arches  and  Suspension  Bridges  ;  Internal  Work  ; 
Deflections  of  Framed  Structures  ;  Stresses  in  Redundant  Frames  ;  Stresses  in  Rigid 
or  Elastic  Arches ;  Stresses  in  Portals  and  Wind  Bracings  ;  Secondary  Stresses  in 
Structures  ;  Index. 


THE  ELEMENTS  OF  SPECIFICATION  WRITING  : 

A  Text-Book  for  Students  in  Civil  Engineering.  By  Richard 
Shelton  Kirby.  Cloth,  9i  x  6  in.,  7  +  125  pp.  New  York,  John  Wiley 
&  Sons,  Inc. ;  London,  Chapman  &  Hall,  Limited,  1913.     $1.25. 

This  boolv,  it  is  stated,  is  the  outgrowth  of  a  series  of  lectures  delivered  by  tlie 
author  before  the  Senior  Class  in  Civil  and  Sanitary  Engineering  in  Sheffield  Scien- 
tific School,  and  is  a  textbook  on  specification  writing  (not  a  collection  of  speci- 
fications) which  it  is  hoped  will  prove  of  value  to  the  young  engineer  as  well  as 
the  student.  The  important  features  of  the  text  are  said  to  be  the  concise  descrip- 
tion of  the  fundamentals  of  a  contract  with  its  plans  and  specifications  ;  the  chapters 
devoted  to  Advertisement  and  Proposals  ;  the  thorough  exposition,  from  an  engineer- 
ing viewpoint,  of  the  General  Clauses  of  a  specification,  including  the  citation  and 
discussion  of  cases  illustrating  their  application,  as  well  as  a  number  of  model 
clauses ;  the  practical  suggestions  concerning  Specific  Clauses,  of  which  outlines 
for  nine  construction  projects  are  given  ;  and  the  classified  list  of  references  to 
recent  articles  on  the  subject  in  technical  journals  and  in  publications  of  technical 
societies,  contained  in  the  Appendix.  The  Contents  are :  Introduction ;  Contract 
and  Bond ;  Advertisement  (or  Notice  to  Contractors)  and  Information  for  Bidders  ; 
Proposal ;  The  Composition  of  Specifications  ;  General  Clauses — Specifications  and 
Plans  ;  The  Engineer  During  Construction  ;  The  Contractor  and  His  Workmen  ;  The 
Contractor's  Miscellaneous  Responsibilities  ;  Progress  of  Work  ;  Terms  of  Payment  ; 
Specific  Clauses  ;  Outlines  of  Specific  Clauses  ;  Appendix  :   References  ;   Index. 
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Iowa-State    College-Eng.    Exper.    Station. 

2  pam. 

Iron    and    Steel    Inst.      1    bound    vol. 
Japan-Chf.    of    Documents    and    Archives. 

1    vol. 
Kansas    City,  Mo.-Fire  and  Water  Commrs. 

1  vol. 
Kansas     City,     Mo. -Hospital     and     Health 

Board.      1    vol. 
Kansas  Eng.    Soc.      1    vol. 
Kelly,    Hugh    A.      1    pam. 
Krupp,      Fried.,      Aktiengesellschaft.         2 

bound   vol. 
Lehigh   Valley  R.   R.    Co.      2   pam. 
Liverpool,    England-Water  Engr.     1  hound 

vol. 
Liverpool   Eng.    Soc.      1    pam. 
Manchester,      N.      H.   -   Board     of     Water 

Commrs.      1     vol. 
Marlborough,    Mass.-City   Clerk.     7    bound 

vol.,  2  vol. 
Maryland-State  Dept.  of  Health.      1  pam. 
Massachusetts-Bureau      of      Statistics.      1 

bound   vol. 
Massachusetts-Metropolitan     Park    Comm. 

1  bound    vol. 
Massachusetts-State      Board      of      Health. 

2  pam. 

Mellon    Inst,    of    Industrial    Research.      1 

pam. 
Merchants  Assoc,   of  N.  Y.      1  vol. 
Michigan   Coll.   of   Mines.      1    vol. 
Missouri       Univ. -Eng.       Exper.       Station. 

1    pam. 
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Montana-State    Board    of    Health.      1    vol. 
.Vashville.    Tenn. -Board   of   Public   Works. 

3  bound  vol.,  S  vol. 
National   Board     of     Fire     Underwriters. 

14    pam. 
.Vatlonal   Fire   Protection    Assoc.      2   pam. 
.Natural      Ice      As.soc.      of      America.        4 

bound   vol..    10   pam. 
New  Jersey-Board      of      Equalization      of 

Taxes.      1   pam. 
Nfw      South      Wales-Metropolitan      Board 

of    Water    Supply    and    Sewerage.     1 

vol. 
New  York  City-Board    of    Water    Supply. 

2    bound    vol. 
NfW   York  Clty-Dept.       of       Docks       and 

Ferries.      1    bound   vol. 
New  York   State-Commrs.    of   Fire    Island 

State   Park.     2    pam. 
New  York  State-Public     Service     Comm., 

Second    Dist.      11    pam. 
New  York  R.   R.   Club.      1   pam. 
Oesterreichischer    Ingenieur-    und    Archi- 

tekten    Verein.      1    pam. 
Ohio-Geol.    Survey.      1    bound    vol. 
Ontario,        Canada-Minister       of       Public 

Works.      4     pam. 
Permanent     Inter.     Assoc,    of    Navigation 

Congresses.      1    bound    vol.,    3    pam., 

1    map. 
Philadelphia,     Pa.  -  Transit     Commrs.       1 

vol. 
Philadelphia  Rapid    Transit    Co.      1    pam. 
Philippine  Islands-Board    of    Rate    Regu- 
lation.     1    pam. 
Philippine  Islands   -   Weather  Bureau.     1 

vol. 
Portland,    Me.-Dept.    of  Public   Works.      1 

pam. 


Ramsbotham,   J.   F.      2    bound   vol. 

Reibllng,    W.    C.     1    pam. 

St.   Paul,   Minn. -Board  of  Water  Commrs. 

1    vol. 
Salt    Lake    City,    Utah-City    Recorder.      1 

bound   vol.,    1   pam. 
Sandusky,  Ohio-City  Auditor.      1  pam. 
Sao       Paulo,       Brazil  -  Commissao       Geo- 

graphlca   e   Geologka.      1   vol. 
Smithsonian     Institution.      5    pam. 
Stuart,    Inglls.      1   bound   vol. 
Sydney,     New     South     Wales-City     Surv. 

20  pam. 
Texas-State    Levee    and    Drainage    Board. 

1   pam.,   8   maps. 
Turner,    C.    A.    P.      1    bound    vol. 
Tyrrell,    II.    G.      1    pam. 
U.   S. -Bureau  of    Mines.      7    pam. 
U.   S.-Bureau     of     Ry.     EJconomics.       14 

pam. 
U.   S.-Chf.  of  Bngrs.     38  specif. 
U.   S. -Coast      and      Geodetic      Survey.      1 

pam. 
U.   S.-Commr.     of     Education.      2     bound 

vol. 
r.   S.-Geol.    Survey.      6    vol.,    8   pam. 
U.   S. -Interstate       Commerce       Comm.      1 

pam. 
U.   S.-Lake    Survey    Office.      1    pam. 
U.   S. -Office    of    Public    Roads.      1    pam. 
U.  S. -Ordnance    Dept.     2    bound    vol.,    5 

pam. 
U.   S.-Secy.    of    the    Interior.     1    pam. 
U.   S. -Weather    Bureau.      1    vol. 
University    Club.      1    bound    vol. 
Virginia-Geol.    Survey.      1    vol. 
Western   Canada   Irrig.   Assoc.      4   pam. 
Whitman,    Ezra    B.      1    bound   vol. 
Woburn,      Mass. -City      Clerk.      1      bound 

vol. 


BY  PURCHASE 

Petroleum  :  A  Treatise  on  the  Geo^naijliical  Distribution  and  Geo- 
logical Octurronce  of  Petroleum  and  Natural  Gas  ;  tlie  Physical  and 
Ciiemical  Projierties.  Production,  and  Retlninir  of  Petroleum  and  Ozok- 
erite ;  the  Characters  and  Uses.  Testintj.  Transport  and  Storage  of 
Petroleum  Products  :  and  the  Legislative  Enactments  Pelatiiig  Thereto  : 
Together  with  a  Description  of  the  Shale  Oil  and  Allied  Industries  ;  and 
a  Full  JMbliograjihy.  By  Sir  Boventon  Hedwood.  Third  p](lition,  He- 
vised  and  Phdarged.  ,'5  A'ol.  J.  B.  Lippincott  Co..  Philadelphia  : 
Charles  Griflin  &  Co.,   Limited,  T.,ondon,    l!»l."{. 

Untersuchungen  iiber  den   Zusammenhang  der  Erschelnungen  in 

Wiiss.Tliiuft'U  auf  (iiund  liydrometrischcr  ICrlifhungcii.  /,ur  Forderung 
des  I-lus^^baues  und  seines  Unterrichtes  fiir  Studierende  und  Ingenieure. 
^'on  C.  Krischan.     2  Vol.     Leykam.  Graz,  1912. 

Mitteilungen  uber  Forschungsarbeiten  auf  dem  (ii'biete  des  In- 
gi'uieurwcsens  insbesondere  aus  den  Laboratorien  der  technischen  Hoch- 
schulen.  Ilerausgegeben  vom  Verein  deutscher  Ingenieure.  Hefte 
1. "').■)- 1.^7.     Julius  Springer,  Jierlin.  191'5. 

Chloride  of  Lime  in  Sanitation.  By  All)ert  TL  Hooker.  John  Wiley 
A;  Sons.  Inc.,  New  York:  Chai)man  ».S:  Hall,  Limited,  London,  1913. 
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Steam  Power  Plant  Engineering.  By  G.  F.  Gebhardt.  Fourth 
Edition.  John  "Wiley  &  Sons,  Inc.,  New  York  ;  Chapman  &  Hall, 
Limited,  London,  1913. 

Mathematical  Monographs  ;  Nos.  1-12.  Edited  by  Mansfield  Merri- 
man  and  Robert  S.  Woodward.  John  Wiley  &  Sons,  New  York ; 
Chapman  &  Hall,  London,  1906-13. 

The  Basic  Open= Hearth  Steel  Process.  By  Carl  Dichmaun.  Trans- 
lated and  Edited  by  AUeyne  Reynolds.  D.  Van  Nostrand  Co.,  New 
York,  1913. 

Universal  Directory  of  Railway  Officials,  1913.  Compiled  from 
Official  Sources  under  the  Direction  of  S.  Richardson  Blundstone.  The 
Directory  Publishing  Company,  Limited,  London. 

Das  Maschinen=Zeichnen.  Von  A.  Riedler.  Zweite,  neubearbeitete 
Auflage.     Julius  Springer,  Berlin,  1913. 

Lehrbuch  des  Hochbaues.  Herausgegeben  von  Esselborn.  Erster 
Band.  Zweite,  stark  vermehrte  Auflage.  "Wilhelm  Engelmann,  Leipzig, 
1913. 

SUMMARY  OF  ACCESSIONS 

(From   August   1st   to    September   2d,    1913) 

Donations  (including  25  duplicates) 325 

By  purchase 26 

Total 3:^1 


September,  l!)l;].l 
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MEMBHRSHIP 

ADDITIONS 

(From  August  8th  to  September  4th,  1913) 


Griffith,  John  Howell.     Engr.-Physicist,  Bu- 
reau of  Standards,  U.   S.   Dept.   of  Com- 


Assoc.  M. 
M. 


merce,  Arsenal,  Pittsburgh,  Pa 

Johnson,  Henry  Stuart.  Engr.,  Loan  Fund  Comm.,  City 
and  County  of  Honolulu ;  Engr.,  Constr.  and  M.  of  W., 
Honolulu  Rapid  Transit  &  Land  Co.,  Honolulu,  Hawaii. 

Leeson,  Robert  Vonartievelde.  Designing  and  Contr. 
Engr.,  The  Topeka  Bridge  &  Iron  Co.,  909  Huntoon 
St.,    Topeka,    Kans 

ScHREiBER,  Hermann  Victor.     Managing  Engr.,  \    .  , , 

Sellers    &    Rippey,    1301   Stephen    Girard  V  ,, 
Bldg.,  Philadelphia,  Pa j 

associate  members 

BuRNHAM,  George  Earle.     Res.  Engr.,  Manila  j  Jun. 

R.  R.,  Manila,  Philippine  Islands [  Assoc.  M. 

Corp,    Henry    William.    Res.    Engr.,    Manila  )  Jun. 

R.  R.,  Manila,  Philippine  Islands (  Assoc.  M. 

Davis,  Arthur  Albert.  112  Prospect  Ave.,  Bethlehem,  Pa. 
Decker,  Frank  Warwick.     Care,  Bureau  of  Lands,  Manila, 

Philippine  Islands 

Greene,    Russell    de    Costa.     Knoxville    Representative, 

Knickerbocker  Marble  Co.  of  New  York  City,   1618 

West  Clinch  Ave.,  Knoxville,  Tenn 

Grimes,  James   Edward.     Asst.   Engr.,  The   San.  Dist.  of 

Chicago,    700   Karpen   Bldg.,   Chillicothe,   111 

Hinman,     Herbert     Davis.     Asst.     Engr.,     Pacific     Div., 

Isthmian  Canal  Comm.,  Balboa  Terminals,   Corozal, 

Canal    Zone,    Panama 

Irvine,   Frederick   Brice.     Div.    Engr.,    Caribbean   Constr. 

Co.,  55  Wall  St.,  New  York  City 

)  Jun. 
Maxony,  Walden  LeRoy.     Essex,  Mont V  ^gg^^    j^j 

Rathjens,  George  William.     Supt.,  Twin  City  Brick  Co.. 

858  Cherokee  Ave.,  St.  Paul,  Minn 

Shaw,    John     Archibald.     Care,    Dept.     of     Sewers    and 

Water- Works  Constr..  Manila,  Philippine  Islands.. 
Stock,  Harry.     Head  Designer,  W.  H.  Rosecrans  Eng.  Co., 

4442  Magnolia  Ave.,  Chicago,  111 

Wanzer.  James  Olin.     1932  Chestnut  St.,  Oakland,  Cal.. 


Date  of 
Membership. 

April     3,  1907 
June      4,   1913 


June      4,   1913 


May       7,  1913 


Mar. 
June 


1,  1910 
4,   1913 


Oct.  1,   1907 

June  4,   1913 

Oct.  1,  1907 

June  4,  1913 

April  2,  1913 

June  4,   1913 


June  4,   1913 

Mar.  4,   1913 

June  4,   1913 

July  2.   1913 

Aug.  31,  1909 

July  2,   1913 

June  4,  1913 

July  2,   1913 

April  2,  1913 

Mar.  4,   1913 
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JUNIORS  Date  of 

Membership. 

CoLLiEB,    Ika    Leonard.     Instrumentman,    State    Highway 

Coram.,  La  Center,  Wash May       7,   1913 

Daubenspeck,  Harry  Ross.  Care  INIorgan  Eng.  Co..  Day- 
ton, Ohio Mar.      4,1913 

Deiseb,  Norman  Arthub.  Junior  Engr^  Public  Sei-vice 
Coram,  for  the  First  District,  New  York  State,  239 
New  York  Ave.,  Brooklyn,  N.   Y June      4,   1913 

Mail,  Eugene  Frederick.     Marion,   Ind Mar.      4,  1913 

Seymour,  Horatio,  Jr.     Care,  Mrs.  Tompkins,  Elm  Rock 

Rd.,   Bronxville,   N.   Y April     2,   1913 

Veltfort,  Theodore  Ernst.  Engr.,  Dept.  of  Estimates. 
Costs,  and  Reports,  Stone  &  Webster  Eng.  Corpora- 
tion,  824   Fulton   St.,  Keokuk,   Iowa Mar.      4,   1913 


changes  of  address 

members 
Bell,  Alonzo  Clarence.     5224  Coliseum  St.,  New  Orleans,  La. 
Berry,   Thomas.     Cons.   Engr.   and   Agriculturist    (Berry   &   Winterhalter) , 

Hearst  Bldg.,  San  Francisco,  Cal. 
BiNKLEY,  George  Holland.     1560  Sacramento  St.,  San  Francisco,  Cal. 
Bolton,  Channing  Moore.     Charlottesville,  Va. 
Chase,  Frank  Lynton.     Pres.,  The  Central  Contract  &  Finance  Co.,  Bullitt 

Park,  R.  F.  D.  No.  6,  Columbus,  Ohio. 
Corner,  Charles.     Chf.  Engr.,  The  Beira  &  Mashonaland  &  Rhodesia  Rys., 

Box  604,   Bulawayo,   Rhodesia,   South  Africa. 
Gray,  Henry  Lilbubn.     Chf.  Engr.,  The  Public   Service  Coram,  of  Wash- 
ington, American  Bank  Bldg.,  Seattle,  Wash. 
Haines,  Henry  Stevens.     Woodview,  Silverdale  Rd.,  Eastbourne,  England. 
Harding,  Robert  John.     Care,  San  Antonio  Water  Supply  Co.,  San  Antonio, 

Tex. 
Hayes,  Edmund.     1608  Marine  Bank  Bldg.,  Buffalo,  N.  Y. 
Hendricks,  Victor  King.     Asst.  Chf.  Engr.,  Frisco  Lines,  St.  Louis,  Mo. 
Honness,  George  Gill.     Dept.  Engr.,  Board  of  Water  Supply,  City  of  New 

York,  Ashokan,  N.  Y. 
Hotchkiss,  Louis  Jenison.     4522  Racine  Ave.,  Chicago,  111. 
HuNiCKE,  William  August.     Care,  Missouri  Athletic  Club,  St.  Louis,  Mo. 
KiLLAM,    Charles    Wilson.     Asst.    Prof.,    Architectural    Constr.,    Harvard 

Univ.;  Cons.  Architectural  Engr.,  51  Avon  Hill  St.,  Cambridge,  Mass. 
Lipsey,  Thomas  Eugene  Leard.     15  West  108th  St.,  Apartment  12  A,  New 

York  City. 
LoBBAiNE,   Madison   Johnson.     Cons.   Engr.,  Room    1114,   Examiner   Bldg., 

San  Francisco,  Cal. 
Lowndes,  Rawlins.     Civ.  Engr.  and   Contr.,  8  Redland  Ave.,  Moose  Jaw, 
Saskatchewan,  Canada. 
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MEMBERS   {Continued) 

Mai.tmv,   I'KANK   HiKRCE.     Care,  James  Stewart  &  Co.,  MechaTiicsville,  N.  Y. 
Nagle,    James    C.     Care,    State    Board    of    Water    Engrs.,    Capitol    Station, 

Austin,  Tex. 
Reabubx,  De  Witt  Lee.     636  South  Hill  St.,  Los  Angeles,  C'al. 
Rich,  Edward  Dunbar.     State  San.  Engr.,  Lansing,  Mich. 
RiGiiTER,  Addison  Alexander.     1252  First  National  Bank   Bldg.,  Chicago, 

111. 
Riri.EY,  Henry  Clay.     46  Palmer  Ave.,  East,  Detroit,  Mich. 
Rommel,  George,  Jr.     Citj-  Engr.,  Pensacola,  Fla. 
SCHULTZE,   Paul.     Second   Deputy   Highway    Commr.,    State   of   New   York, 

Albany,  N.  Y. 
SiBERT,   William   Luther.     Lt.-Col.,   Corps   of   Engrs.,   U.   S.   A.;   Member, 

Isthmian  Canal  Comm.,  Gatun,  Canal  Zone,  Panama. 
Taggart,  Raltii  Cone.     Cons.  Engr.,  99  Lancaster  St.,  Albany,  N.  Y. 
Thompson,    Robert    Andrew.     Member,    Eng.    Board,    Interstate    Commerce 

Comra.,  Washington,  D.  C. 
TiLDEN,  Charles  Joseph.     Prof,  of  Civ.  Eng..  Johns  Hopkins  Univ.,  Balti- 
more, Md. 
Wood.  Warren  Powell.     Chf.  Engr.,  Central  Idaho  Development  Co.,  Ltd., 

Lewiston  &  S.  E.  Elec.  Ry.,  Ltd.,  Salmon  River  Power  Co.,  Ltd.,  Elec. 

Ry.  Townsite  Co.,  Nezperce  &  Idaho  R.  R.,  and  Idaho  &  N.  W.  R.  R., 

Sumner,   Wash. 

associate  members 

AiJ.LSON,  William  Franklin.     Civ.  and  San.  Engr.,  1761  Alder  St.,  Eugene, 

Ore. 
Atkins,  Harold  Bedford.     Cons.  Engr.  and  Accountant,  90  West  St.    (Res., 

606  West   116th   St.),  New  York  City. 
Ayer.  Frederic  Eugene.     Ulster,  Pa. 
Biggs,  Carroll  Addison.     Chf.  Draftsman,  Detroit  Edison  Co.,  1303  Lafayette 

Ave.,  Detroit,  Mich. 
Boniface,  Arthur.     30  East  42d  St.,  Room  828,  New  York  City. 
Boyd,  George  Ray.     Engr.  and  Contr.,  Savannah  Bank  &  Trust  Co.  Bldg., 

Savannah,  Ga. 
Brainard,  Normand  Daggett.     Manhasset,  N.  Y. 
Bright,   Charles   Edwin.     Special   Asst.  to   City    Engr..    1817    Beech   Ave., 

Waverly  PI.,  Nashville,  Tenn. 
Britton,  George  Chester.     Box  77,  Brockwayville.  Pa. 
Buerger,    Charles    Bernard.     Prin.    Asst.    Engr.,    George    W.    Fuller,    170 

Broadway,  New  York  City. 
BuRKETT,  Joseph  Miller.     Carey  Act   Engr..   State  of   Idaho,   Care,   State 

Engr. 'a  Office,  Boise,  Idaho. 
Cameron,  John  Bobbs.     Div.  Engr.,  B.  &  O.  R.  R.,  416  Euclid  Ave.,  New 

Castle,  Pa. 
Chadbourne.  Edward  Merriam.     50  Church  St.,  Room  1968,  New  York  City. 
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ASSOCIATE  MEMBERS    (Continued) 

CoBLETT,  Bertram  Edwin.     314  New  York  Blk.,  Seattle,  Wash. 

CoTHER,  Albert  Adiel.     General  Delivery,  Austin,  Tex. 

Ckowell,    Francis    Stirling.     Care,    The    Foundation    Co.,    Ltd.,    Box   215, 

Ottawa,  Ont.,  Canada. 
Daggett,   Fred  Wallis.     Res.   Engr.,   Filtration  Plant,  41   West  St.,  Tren- 
ton, N.  J. 
Dow,  William  Grear.     109  East  Alameda  Ave.,  Denver,  Colo. 
Drayton,  Newbold.     Penllyn,  Pa. 

Edwards,  Harold.     1011  Street  Ry.  Chambers,  Winnipeg,  Man.,  Canada. 
Ely,  John  Andrews.     Box  142,  Keansburg,  N.  J. 
Engle,  Charles  Algernon.     526  Federal  Bldg.,  Los  Angeles,  Cal. 
Farnham,  Charles  Henry.     18  Cedar  St.,  Beverly,  Mass. 
Foss,  John  Harrison.     Asst.  Prof,  of  Civ.  Eng.,  Leland  Stanford,  Jr.,  Univ., 

640  Waverly  St.,  Palo  Alto,  Cal. 
Fowler,  Charles  Wobthington.       Elmsford,  N.  Y. 
Frost,  Willis  George.     Res.  Engr.,  California  Highway  Comm.,  Redwood 

City,  Cal. 
Gallagher,  Joseph.     1216  First  National  Bank  Bldg.,  Denver,  Colo. 
Gaston   y   Rosell,    Francisco    Jose.     Engr.,    River    and    Harbor    Impvts., 

Dept.  of  Public  Works;  Res.,  50  Ninth  St.,  Vedado,  Havana;  Cuba. 
Gellatly,  John  Thompson  Bisset.     Cons.  Engr.,  P.  O.  Box  37^  Bethulie, 

Orange  Free  State,  South  Africa. 
Gildersleeve,  George  Snyder.     Branch  Mgr.,  Trussed  Concrete  Steel   Co., 

444  Gurney  Bldg.   (Res.,  The  Wolcott,  409  East  Fayette  St.),  Syracuse, 

N.  Y. 
GiLKEY,  Thomas  Alvin.     Cons.  Engr.,  318  Mercantile  Bldg.,  New  Castle,  Pa. 
Goeham,  Fred  Allen.     Asst.  Engr.,  U.  S.  Reclamation  Service,  Great  Falls, 

Mont. 
Hammond,  Lester  Clark.     Supt.,  Stillwater  Contracts,  Barclay  Parsons  & 

Klapp,  Altmar,  N.  Y. 
Hosmer,  Ralph  Herbert.     Box  648,  Harrisburg,  Pa. 
HUBBELL,   George   Scott.     Care,   J.   G.    White   &   Co.,   Atlantic   Coast   Line 

Bldg.,  Wilmington,  N.  C. 
Hull,  Gordon  Burnett  Gifford.     Highfield,  Blackwell,  Bromsgrove,  England. 
Jahncke,   Ernest   Lee.     Pres.,   The   Jahncke   Nav.    Co.,    814   Howard  Ave. 

(Res.,  1823  Palmer  Ave.),  New  Orleans,  La. 
Kassebaum,    Frederick    William,    Jb.     Works    Mgr.,    Houston    Structural 

Steel  Co.,  Houston,  Tex. 
Kelton,   Frank   Caleb.     Asst.   Prof,   of   Civ.   Eng.,   Univ.   of  Arizona,   412 

East  4th  St.,  Tucson,  Ariz. 
Leete,  Percy  Remington.     Box  71,  Shortbeach,  Conn. 
Lemen,  William  Caswell  Smith.     U.  S.  Asst.  Engr.,  U.  S.  Engr.  Office, 

Savannah,  Ga. 
Marshall,   Thomas    Clawson.     Res.   Engr.,   B.   &    O.   R.    R.,   Martinsburg, 

W.  Va. 
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ASSOCIATE  MEMBERS   (Continued) 

Martin,  William  Franklin.     Asst.  Prof.,  Eng.  Mechanics,  Univ.  of  Cali- 
fornia;   Cons.   Engr.    (Ellery  &  Martin),  Merchants  Exchange  Bldg., 

San  Francisco,  Cal. 
Matlaw,  Isaac  Solon.     17  Battery  PL,  Room  1219,  New  York  City. 
.NLatson,  Jesse  Sidwell.     County  Surv.,  74  Fisk  St.,  Ashtabula,  Ohio. 
;Miller,    Henrv    Lanark.     Engr.,    Section    of    Rds.    and    Bridges,    Dept.    of 

Public  Works,  Casilla  21,  Mendoza,  Argentine  Republic. 
-Minor,  Cyrus  Edward.     Asst.  Engr.,  C.  &  W.  I.  R.  R.,  6937  Parnell  Ave., 

Chicago,  111. 
Moffat.    James    Alexander.     Bridge    Engr.,    C.    N.    P.    Ry.,    Care,    Twohy 

Bros.,  Camp  83,  Kamloops,  B.  C,  Canada. 
NiKOLiTCH,  JVIiLAN.     Asst.  Chf.  Engr.,  Chou  River  Irrig.  Project,  Pessotch- 

naya  Ul  26,  K.  0.,  Petersburg,  Russia. 
Olson,  Norman  T.     Asst.  Engr.,  U.  S.  Reclamation  Service,  Babb,  Mont. 
Page,  Arthur  Southwick.     Dist.  Engr.,  J.  G.  Wliite  Eng.  Corporation,  Box 

183,  Wilmington,  N.  C. 
Patterson,  Clair  Brandon.     Eng.  Dept.,  L.  S.  &  M.  S.  Ry.,  314  Hillwood 

Drive,  Toledo,  Ohio. 
Pierce,    Paul   Leon.     Constr.    Supt.,    Phoenix    Constr.    Co.,    Brigham    City, 

Utah. 
Potter,  Jasies  Rowland.     Vice-Pres.,  Brocklehurst  &  Potter  Co.,  Marbridge 

Bldg.,  New  York  City. 
Rosenthal,  Joseph  Jacob.     322  Parnassus  Ave.,  San  Francisco,  Cal. 
RUGGLES,  Arthur  Valentine.     Care,  Public  Service  Comm.,  103  East  125th 

St.  (Res.,  3068  Perry  Ave.),  New  York  City. 
Savage,  Seward  Merrill.     Treas.,  Alto  Constr.  Co.,  18  Kemble  St.,  Utica, 

N.  Y. 
Sayford,  Ned  Hensel.     With  George  W.  Fuller,  170  Broadway,  New  York 

City   (Res.,  131  Glenwood  Boulevard,  Schenectady,  N.  Y.). 
Schubert,   Charles   Wesley.     Engr.    of    Constr.,    Bldg.   Dept.    (Res.,    1357 

East  110th  St.),  Cleveland,  Ohio. 
Sheffield,  Edward  Newton.     Care,  C.  R.  R.  of  N.  J.,  Room  226,  Central 

Bldg.,  New  York  City. 
Smith,   Clarence  Urling.     Asst.   Engr.   in   Chg.   of   Lewistown  Terminals, 

C,  M.  &  St.  P.  Ry.,  P.  O.  Box  25,  Lewistown,  Mont. 
Stone,  Willard  Wilberforce.     Office  of  Public  Rds.,  U.  S.  Dept.  of  Agri., 

Washington,  D.  C. 
Stbawn,  Thomas  Corwin.     355  West  55th  St.,  New  York  City. 
Taft,  Jesse  Russell.     Care,  Emory  &  Eisenbrey,  50  Church  St.,  New  York 

City. 
Travers-Ewell,   Andrew.     Care,  Westinghouse,   Church,  Kerr   &   Co.,  New 

York  Life  Bldg.,  Chicago,  111. 
Trl-e,  Albert  Otis.     107  Third  Ave.,  Rensselaer,  N.  Y. 
Voorhes,  Kimbrough  Enoch.     5009  Gramercy  PI.,  Los  Angeles,  Cal. 


600  MEMBERSHIP — CHANGES     OF     ADDRESS    L Society  Affairs. 

ASSOCIATE  MEMBERS    {Continued) 

WiLLAED,  William  Clyde.  Asst.  Prof,  of  Ry.  Eng.,  Dept.  of  Rys.,  McGill 
Univ.,  Montreal,  Que.,  Canada. 

ASSOCIATES 

Belzner,  Theodore.  Insp.-in-Chg.,  Reinforcing  of  End  Spans,  Williams- 
burgh  Bridge,  Dept.  of  Bridges,  City  of  New  York,  400  Kent  Ave., 
Brooklyn,  N.  Y.   (Res.,  606  West  135th  St.,  New  York  City.). 

Brown,  William  Alden.  Gen.  Mgr.,  Aberthaw  &  Bristol  Channel  Portland 
Cement  Works,  Aberthaw,  Glamorgan,  Wales. 

juniors 
Bailey,    Paul.     Res.    Engr.,    Haviland    &    Tibbetts,    1505    Josephine    St., 

Berkeley,  Cal. 
Bean,  Paul  Jones.     Civ.  Engr.,  U.  S.  N.,  U.  S.  Naval  Station,  Pearl  Har- 
bor, Hawaii. 
Beswick,  James  Everett.     With  State  Highway  Comm.,  36  Lancaster  St., 

Albany,  N.  Y. 
BiLYEU,   Charles   Smith.     New  York  Representative,   Colby  &  Christie  of 

Philadelphia,  1  Madison  Ave.,  New  York  City. 
Bowman,  Ralph  McLane.     Bridge  Designer,  L.  E.  &  West.  R.  R.,  Care,  Chf. 

Engr.,  Indianapolis,  Ind. 
CoLMAN,  James  Blaine  Thomas.     711  South  Ingalls  St.,  Ann  Arbor,  Mich. 
Hammill,  Harold  Bernard.     Roseville,  Cal. 

Harris,  Frank  Sampson  Mason.  454  Sixty-First  St.,  Oakland,  Cal. 
Hutchins,  Roland  Ellis.  Coll.  of  Applied  Science,  Iowa  City,  Iowa. 
Kellersberger,   Arnold    Charles.     Care,    Bowers    Southern   Dredging   Co., 

Galveston,  Tex. 
Kittredge,  Frank  Alvah.     Medford,  Ore. 
Letton,  Harry  Pike.     San.  Engr.,  U.  S.  Public  Health  Service,  1437  Clifton 

St.,  N.  W.,  Washington,  D.  C. 
Marsh,  Emmett  Lincoln.     Contr.  Engr.    (Marsh  &  Gardenier,  Inc.),  Gold 

Run,  Cal. 
Miller,  Harold  Edmund.     88  Congress  St.,  St.  Albans,  Vt. 
Payrow,  Harry  Gordon.     Res.  Engr.,  Lynn  Additional  Water  Supply,   150 

Bellevue  Rd.,  Lynn,  Mass. 
Peterson,  Garfield  Christian.     Glenbeulah,  Wis. 
Porter,  Harry  Franklin.     5401  Rosalie  Ave.,  Chicago,  111. 
Rennell,    Henry   Hurd.     Secy,    and    Treas.,    Rennell    Constr.    Co.,    Inc.,    26 

Cortlandt  St.,  New  York  City. 
Roberts.  Richard  Francis.     138  Centre  St.,  Nutley,  N.  J. 
Sleppy,  Kirby  Baldwin.     With   Pacific  Elec.  Ry.,  Care,  Y.  M.  C.  A.,  San 

Bernardino,  Cal. 
Smith,  Henry  Boutwell.     910  Alaska   Commercial   Bldg.,   San   Francisco, 

Cal. 
Stieve,  William  Matthew.     Asst.  Engr.,  Barge  Canal,  41  Phelps  St..  Lyons. 

N.  Y. 


September,  1913.]    MEMBERSHIP — CHANGES   OF   AUDUESS— DEATHS        601 

JUNIOFUJ    {Co7itinued) 

TiKxtK,  Arthur  Hubesty.     Second  Lieut.,  U.  S.  M.  C,  188  West  River  St., 

Wilkes-Biirre,  Pa. 
Whitman.  Wilm.vm  Satterwhite.     7131L>  Woodland  St.,  Nashville,  Term. 
Whitmork,  Harold  Cushing.     Asst.  Engr.,  Somerset  Dam  Power  Constr.  Co., 

Wilmington,  Vt.   (Res.,  91  Baker  St.,  Lynn,  Mass.). 
Wiley,  Ralph    Benjamin.     Asst.   Prof,   of   San.   and   Hydr.    Eng.,    Purdue 

Univ.,  1012  Seventh  St.,  West  Lafayette,  Ind. 
WiNTON,  Walter  Febbell.     Lieut.,  First  U.  S.  Field  Artillery,  Honolulu, 

Hawaii. 


DEATHS 

Belu  James  Richard.     Elected  a  Member,  September  2d,  1896;  died  August 

8th,  1913. 
Hinds,  Franklin  Allen.     Elected  a  Member,  May  3d,   1899;   died  August 
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date  of  death  unknown. 


Total  Membership  of  the  Society,  September  4th,  1913, 
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MONTHLY    LIST  OF    RECENT   ENGINEERING    ARTICLES    OF 

INTEREST 

(July  31st  to  September  1st,  1913) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST   OF   PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 
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(24 
(25 
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(27 


Journal,  Assoc.  Eng.  Soc,  Boston, 
Mass.,   30c. 

Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,    Pa. 

Journal,  Franklin  Inst,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,   III.,  50c. 

Transactions ,  Can.  Soc.  C.  E., 
Montreal,    Que.,    Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheits  Ingenieur,  Miinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
hoken,    N.   J.,   50c. 

Engineering  Magazine,  New  York 
City,    25c. 

Cassier's  Magazine,  New  York  City, 
25c. 

Engineering  (London),  "W.  H. 
Wiley,   New   York  City,    25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,    35c. 

Engineering  News,  New  York  City, 
15c. 

Enoineering  Record,  New  York 
City,    lO'c. 

Railway  Age  Gazette,  New  York 
City,   15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railioay  Journal,  New 
York   City,    10c. 

Railioay  and  Enoineering  Review, 
Chicago,    111.,    l'5c. 

Scientific  American  Supplement, 
New  York  City,   lOc. 

Iron   Age,   New   York   City,    20c. 

Railway  Engineer,  London,  Eng- 
land,   Is.    2d. 

Iron  and  Coal  Trades  Revieto,  Lon- 
don,   England,    6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York   City,   lOc. 

Raihvay  Age  Gazette,  Mechanical 
Edition,  New  York  City,  20c. 

Electrical  Review,  London,  Eng- 
land,  4d. 

Electrical  World,  New  York  City, 
lOc. 


(28 
(29 
(30 
(31 

(32 


(33 
(34 

(35 

(36 

(37 
(38 


(39 
(40 
(41 
(42 
(43 
(44 

(45 
(46 
(47 
(48 
(49 
(50 
(51 
(52 
(53 

(54 


Journal,  New  England  Water- 
Works  Assoc,   Boston,   Mass.,   $1. 

Journal,  Royal  Society  of  Arts, 
Londou,    England,    6d. 

Annales  des  Travaux  Publics  de 
BcU/ique,  Brussels,   Belgium,  4  fr. 

Annates  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,  Belgium,  4  fr. 

M6moires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
Prance,    Paris,    France. 

Le  Genie  Civil,  Paris,  Prance,   1  fr. 

Portefeuille  Economiques  des  Ma- 
chines,   Paris,    France. 

Nouvelles  Annales  de  la  Construc- 
tion, Paris,  France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,   0,   70m. 

Zentralhlatt  der  Bauverwaltung, 
Berlin,  Germany,  60  pfg. 

Elektrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings.  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Ponts  et  Chaussees, 
Paris,  France. 

Journal.  Military  Service  Institu- 
tion. Governors  Island,  New  York 
Harbor,   50c. 

Colliery  Engineer,  Scranton,  Pa., 
25c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1,  60m. 

Zeitschrift  fiir  Bauwesen,  Berlin, 
Germany. 

Stnhl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung ,  Riga, 
Russia.    25    kop. 

Zeitschrift.  Oesterreichischer  In- 
genieur und  Architekten  Verein, 
Vienna,  Austria,  70h. 

Transactions.  Am.  Soc.  C.  E.,  New 
York    City,    $12. 
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(55)  Transactions.   Am.   Soc.   M.   E..   New 

York  Oty.  $10. 

(56)  Transactions.       Am.       Inst.       Min. 

Engrs.,    New    York    City,    $6. 

(57)  CoUieri/     Guardian,     London,     Eng- 

land.   5d. 

(58)  Proceedinos.    Engrs.'    Soc.    W.    Pa., 

803      Fulton      Bldg.,      Pittsburgh, 
Pa.,    50c. 

(59)  Procccdiuas.        American        Water- 

Works  Assoc   Troy,   N.  Y. 

(60)  Municipal       Enaineering,       Indian- 

apolis.   Ind.,   25c. 

(61)  Pr-oceedinas.        Western         Railway 

Club.  225  Dearborn  St.,   Chicago, 
111..    25c. 

(62)  Indu.^trial     World,     59     Ninth     St., 

Pittsburgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.   C.   E., 

London,    England. 

(64)  Poicer.    New    York   City,    5c. 

(65)  Official      Proceedings,      New      York 

Railroad    Club,    Brooklyn.    N.    Y., 
15c 

(66)  Journal    of    Gas    Lighting.    London, 

England.  6d. 

(67)  Cement     and     Engineering     News, 

Chicago,   III.,   25c. 

(68)  Mining    Journal.    London,    Ensiland, 

6d. 

(69)  Der  Eisenhaii.  Leipzig,   Germany. 

(71)  Journal.  Iron  and  Steel  Inst.,  Lon- 

don,   England. 
(71a)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist,      New      York 

City.  15c. 

(73)  Electrician,    London.    England.    18c. 

(74)  Transactions.     Inst,      of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings.   Inst,   of  Mech.    Engrs., 

London,    England. 

(76)  Brick.  Chicago,  111.,  10c. 

(77)  Journal,    Inst.     Elec.    Engrs.,     Lon- 

don,   England,    5s. 

(78)  Beton    und   Eisen,    Vienna,    Austria, 

1,  50m. 

(79)  Fnrschcrarheiten.  Vienna,   Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,      Ger- 
many. 

(82)  Mininn     and     Engineering      World, 

Chicago,   111.,  lOc. 


(83)  Gas  Age,  New  York  City,  15c. 

(84)  Le   Cimcnt,   Paris,   France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago",    111. 

(86)  Enaineering-Contractinq,       Chicago, 

III.,    10c. 

(87)  Raihcay    Engineering    and    Mainte- 

nance of  Way,  Chicago,  111.,   10c. 

(88)  Bullctiji    of    the    International    Ry. 

Congress    Assoc,    Brussels,     Bel- 
gium. 

(89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,  Philadelphia.  Pa..  .$5. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,   London,    England. 

(91)  Ti-a»s<i(tio7is,     Soc.     Naval     Archts. 

and     Marine    Engrs.,     New    York 
City. 

(92)  Bulletin.        Soc.        d'Encouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

(93)  Revue       de       Metallurgic,        Paris, 

France,    4   fr.    50. 

(94)  The  Boiler  Maker,  New  York  City, 

10c 

(95)  International    Marine    Engineering, 

New  York  City,   20c. 

(96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,  10c 

(98)  Journal.    Engrs.    Soc.    Pa.,    Harris- 

burg,    Pa.,    30c. 

(99)  Proceedings,  Am.   Soc.   of  Municipal 

Improvements,     New     York     City, 
$2. 

(100)  Professional     Memoirs,      Corps      of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C.   50c. 

(101)  3Ictal  Worker,  New  York  City,  10c. 

(102)  Oraan     fiir     die     Fortschritte     des 

f-yisrubahnwcsens,  Wiesbaden, 

Germany. 

(103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,   10c. 

(104)  The    Surveyor    and    Municipal    and 

Countu    Engineer,    London,    Eng- 
land.  Rd. 
(t05^  Metallurgical     and     Chemical     En- 
gineering, New  York  City,  25c. 

(106)  Transactions,   Inst,    of    Min.    Engrs., 

London.    England,    6s. 

(107)  Schivcizcrische  Bauzeitung,  Zurich, 

Switzerland. 

(108)  Southern    Machinery.   Atlanta,    Ga., 

10c. 


LIST  OF  ARTICLES 
Bridges. 

Report  of  Committee    (Am.   Ry.  Eng.   Soc.)    on  Wooden   Bridges  and  Trestles.*      (85) 

Vol.   14. 
Practice  of  Various  Railways  as  to  Guard-Rails.      (85)      Vol.   14. 
Descriptions    and    Photographs    Showing    Results    of    Tests    Made    by    the    Michigan 

Central    Railroad    in    1892    on    the    Value    of   Guard    Rails    on    Bridges.*       (85) 

Vol.   14. 
Fire  Protection  on  Wooden   Bridges  and  Trestles.*      (85)      Vol.   14. 
Tests    of    Long-Leaf    Pine    Bridge    Timbers,    Atchison,    Topeka    &    Santa    Fe    Railway 

System.*      II.  B.  MacFarland.      (85)      Vol.  14. 
Bridges  over  Navigable  Rivers,  Some  Practical  Considerations.      C.   E.   Smith.      (85) 

Vol.  14. 
The    London    and    South    Western    and    Metropolitan     District    Railways'    Widening 

Between  Acton  Lane  and  Galena  Road.*    Eric  Alexander  Ogilvie.    (63)    Vol.  192. 


*Illustrated. 
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liridging-Operations    Condurled    under    Military    Conditions.*      Crofton    Edward    Pym 

Sankey.      (63)      Vol.    192. 
Some  Experiments  on  Highway   Bridges   under  Moving  Loads.*      F.   O.   Dufour.      (4) 

June. 
The  Latest    Bridge  Design   for   Sydney   Harbor,    N.    S.    W.  ;    the   Third   Largest   Span 

In  the  World.      (13)      July  31. 
The  Design  of  a  Reinforced  Concrete  Abutment.      H.  R.   Mackenzie.      (96)      July  31. 
Independence  Boulevard  Bridge,  B.  &  O.  C.  T.   R.  R.*     A.  M.  Wolf.      (67)      Aug. 
Mississippi  River  Bridge  at  St.  Paul,  C.  G.  W.  R.  R.*      (87)      Aug. 
Concrete  Practice  No.  9,  Missouri  Pacific  Ry.*     A.   M.  Wolf.      (87)      Aug. 
.Nol.'^on  Street  Viaduct.  Atlanta,  Ga.*      (60)      Aug. 
Pivot   Pier  of  Chelsea   Bridge   North,    Hollow   Concrete  Shaft   and   Foundations    Built 

in  Submerged  Basket  Crib.*      (14)      Aug.  2. 
The    Canadian    Pacific    Railway    Bridge   over    the    St.    Lawrence    River    at    Lachine.* 

W.  P.  Murray.      (96)      Aug.  7. 
Gunpowder  and  Bush  River  Bridges.*      (14)      Aug.  9. 
Girder   Bridge   Encased   in   Concrete  over  Prison   Point   St.,   East  Cambridge,    Mass.* 

(86)      Aug.  13. 
A  Long-Span   Double-Deck  Bascule  Drawbridge.*      (13)      Aug.  14. 
Design    and    Graphic    Method    for    Calculating    a    Steel    Truss.*       Leonard    Goodday. 

(96)      Aug.   14. 
Lengthy  Concrete  Slab  Bridges.  P.  B.  &  W.  R.  R.*      (18)      Aug.  16. 
Replacing  Cedar  River  Bridge.*      (14)     Aug.  16. 
The  Georgia-Harris  Viaduct,  Vancouver,  B.   C*      (13)      Aug.  21. 
Foundation  Work  on  C.  P.  R.  Bridge  at  Mud  Lake,  Ontario.*      (96)      Aug.  21. 
The  Boucanne  River  Viaduct.*    P.  L.  Pratley,  Assoc.  M.  Inst.  C.  E.      (96)      Aug.  21. 
The   Mansurah    Bridge   over   the   Nile.*      (23)      Aug.    22. 
A  150-Foot  Archbridge  with  Suspended  Roadway  in  Reinforced  Concrete.*    V.   J.  El- 

mont,  A.  M.  Can.  Soc.  C.   E.      (96)      Aug.  28. 
Construction  of  New  Quebec  Bridge  Piers*     H.   P.   Borden.      (15)      Aug.  29. 
Highway    Bridge    Specifications,    Requirements    for    Fabrication    of    Steel    Superstruc- 
tures Outlined  by  U.   S.   Office  of  Public   Roads.      (14)      Aug.   30. 
Field    Girder    Bridges.*      G.    E.    Smith.       (From   Royal   Engineers'   Journal.)       (100) 

Sept. 
Some    Experiments    In   the   Use  of    Bamboo   for   Hasty   Bridge   Construction.*     P.    S. 

Bond,  M.  Am.   Soc.  C.  E.      (100)      Sept. 
Determinations  Graphlque  des  Deformations  glastiques  des  Arcs  F16chis.    F.  Keelhof. 

(31)      Pt.   2. 
Les  Nouveaux  Ponts  sur  I'Escaut  k  Tournai.*      T.  Seyrig.      (30)      June. 
Les   Nouveaux    Ponts   de   Selzaete    sur   le   Canal    de   Gand   a.   Terneuzen.*     T.    Seyrlg. 

(30)      Aug. 
Le  Pont  de  Sewickley,  sur  I'Ohio  ( Etats-Unis).*    Alfred  Jacobson.      (ii)      Aug.  2. 
Neubau   der   Viktoria-Briicke   in    Bromberg.     A.   Kohler   und   V.   Lewe.      (51)      Serial 

beginning  Sup.  No.  15. 
Visintinibriicke  uber  den   Chemnitzfluss.*      (80)      July  12. 
Die  Aare-Briicke  bel  Aarburg.*    Zehnder.      (107)      July  26. 
Die  Statlsche  Berechnung  der  Briicken   in  Gleiskriimmungen.*     Siegmund  Schwatzer. 

(69)      Aug. 
Wettbewerb   Bismarckbriicke   Saarbrticken.*     A.   Kleinlogel.      (78)      Serial   beginning 

Aug.  6. 
Vom    Zweiten    Wettbewerb    fiir    elnen    Entwurf    zu    einer    Strassenbrilcke    ijber    den 

Rheln   in  Coin.*     A.  Rohn.      (107)    Aug.  9;    (48)   July  12. 

Electrical. 

On   Phase-Advancing    (Electric  Power).*     Gisbert  Kapp.      (77)      July. 

The  Use  of  the  Electrostatic  Method  for  the  Measurement  of  Power.*  C.  C.  Pater- 
son,  E.  H.  Rayner,  and  A.  Kinnes.      (77)      July. 

Practical  Application  of  Telephone  Transmission  Calculations.*  A.  J.  Aldridge. 
(77)      .July. 

Some  Oscillograms  of  Condenser  Discharges,  and  a  Simple  Theory  of  Coupled  Oscil- 
latory Circuits.*  J.  A.  Fleming.  (Abstract  of  paper  read  before  the  Physical 
Soc.)       (73)      July  25. 

The  Influence  of  Cable  Inductance  Upon  Duplex  Balances.*  Geo.  Wald.  (73) 
July  25. 

The  Svstem  A  Onde  Unique  of  the  Soci6t6  Francaise  Radio-Electrique.*  G.  W.  O. 
Howe.      (73)      July  25. 

Electricity  Extensions  at  Burton-upon-Trent.*      (26)      July  25. 

The  Development  of  the  Talking  Machine.     Emile   Berliner.      (3)      Aug. 

Electricity  Developments  in  West  Hartlepool,  the  Corporation  Waste  Heat  Generat- 
ing Station.*      (26)      Aug.    1. 

The  Use  of  the  Alternate-Current  Potentiometer  for  Measurements  on  Telegraph 
and   Telephone   Circuits.*     C.   V.    Drysdale.      (73)      Aug.    1. 

Trinidad  Government  Wireless   Station.*      (73)      Aug.   1. 

Centrally-Hung  Gas  Lamps  for  Lighting  Fleet  Street,  London.*      (73)      Aug.  1. 


*  Illustrated. 
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Electrical     (Continued). 

The  Electric  Lighting  of  Westminster  Abbey.*     (73)      Aug.   1. 

Klectric  Arc  Welding.*      (18)      Aug.  2. 

Graphical    Statics   Applied    to   Transmission-Line    Calculations.*     Alfred    Still.      (27) 

Aug.    2. 
150  000   Volt  Air-Break  Switches  for  Southern  Sierras  Transmission   System.*      (27) 

Aug.    2. 
Power  from  the  Mississippi   River.*      (64)      Aug.  5. 

The  Electric  Arc  as  a  Standard  of  Light.*    J.  F.  Forrest.      (73)      Aug.  8. 
Hydroelectric   Plant  on  White  Salmon   River.*      (27)      Aug.   9. 
Distribution  Line  Records.*    H.  A.  Holmes.      (27)      Serial  beginning  Aug.  9. 
60  000-Volt    Steel-Tower    Line     Construction    in     Southern    California.*      Harry    W. 

Dennis.      (27)      Aug.   9. 
Design  of  an  1  ISO-Ft.  Transmission-Line  Span.*      K.   Nogami.      (27)      Aug.  9. 
Blasting   Method  of   Excavating   Holes    for   Setting   Poles    (Telephone).*       (From   Du 

Pont   Ma(ia::ine.)       (86)      Aug.    13. 
A    New   Loading    Rheostat.*     H.    H.    Broughton.      (73)      Aug.    15. 
On  a  Dynamo   for   Maintaining  Electrical   Vibrations  of  High  Frequency,   with  Some 

Notes    on    the    Transmission    of    Waves    in    Wireless    Telegraphy      Oliver    Lodge. 

(Abstract    from    the    Philosophical    Magazine.)       (73)      Aug.    15. 
Reinforced  Concrete  Telegraph  Poles.     (From  Portland  Cemeiit.)      (15)      Aug.   15. 
Formulas    for    Capacity    of    Single-Phase    Transmission    Lines    and    Cables.*     C.    A. 

Pierce  and  P.   J.  Adams.      (27)      Aug.   16. 
Profitable  Station   in   a  Town  of  3  500   Inhabitants.*      (27)      Aug.   16. 
Methods  Employed  in  Making  the  Ford  Magneto.*    Fred  H.  Colvin.      (72)      Aug.  21. 
A  Case  of  Gaseous   E.xplosion   Caused  by   the   Electric   Heating  of   Bitumen   in   Cable 

Troughs.*     W.   M.   Thornton  and   J.   A.   Smythe.      (73)      Aug.    22. 
Automatic  Pressure  Regulators.*     R.  L.   Morrison.      (73)      Serial  beginning  Aug.   22. 
On   the   Temperature    Rise  and    Deterioration   of    the    Covering    Material   of   Wire   by 

the    Carrying   Current.*      G.    T.    Hirobe.       (Abstract   of    Report   of    the    Electro- 
technical   Laboratory,    Tokio,    Japan.)       (73)      Aug.   22. 
A  Study  in   Depreciation.     Louis   Bell.      (27)      Aug.   23. 
Combination    Railway,    Electric   and   Ice-Making   Plant  :    Newport   News   &   Old   Point 

Railway  &  Electric  Company   at  Hampton,   Va.*    A.   R.   Smith.      (27)      Aug.   23. 
Combination   Railway  and  Lighting  System,   Description  of  the  Gorge  Steam   Station 

of  the  Northern   Ohio  Traction  &   Light   Company  of  Akron,   Ohio,   at  Cuyahoga 

Falls.*     J.   C.   Lathrop.      (27)      Aug.   30. 
New  Power  Station  of  Northern  Ohio  Traction  &  Light  Company.*      (17)      Aug.   30. 
The  Gulf  of  Georgia  Submarine  Telephone  Cable.*     E.   P.   La  Belle  and  L.   P.   Crim. 

(42)      Sept. 
Effect  of  Ice  Loading  on  Transmission  Lines.*    V.  H.  Greisser.      (42)      Sept. 
Ix)gging  by   Electricity.     E.   J.   Barry.      (42)      Sept. 
Einphasenmotor     mit     zur     Hauptachse     Neutraler     Kurzschluss-und     Anlaufachse.* 

A.   Heyland.      (41)      .luly  24. 
Funkentelegraphische    Zeitsignalempfanger.*      H.    Thurn.      (41)      July    24. 
Dielektrische   Messungen   an   Kabeln.    M.   Klein.      (41)      Serial  beginning  July   24. 
Die    magnelisehen    Eigenschaften    der    Legierungen.     G.    Goldberg.      (41)      July    31. 
Amperestuudenzahler  fiir  Wechselstrom.*     J.   Busch.      (41)      July   31. 
Relativ-synchrone  Regulierbetriebe.*     F.  W.  Meyer.      (41)      Serial  beginning  Aug.  7. 
Ueber   Verbesserung   des    Leistungsfaktor.*     Gisbert    Kapp.      (41)      Aug.    14. 
Beitrag  zur  Analyse   periodischer   Kurven.*     S.    Silbermann.      (41)      Aug.    14. 
Ein    neues    Spezialiiiessinstrument    fiir    Fehlerort.sbestimmungen    an    Kabeln.*     Rich. 

Randhagen.      (41)      Aug.   21. 
Ueber    den    Formfaktor   der    Spannungskurve   am    Epsteinschen    Apparat.*     Friedrich 

Goltze.      (41)      Aug.   21. 

Marine. 

Oil   Fuel   in  the  Royal   Navy.      (12)      July  25. 

The  Wallsend-Howden   System  of  Oil-Burning  in   Marine  Boilers.      (11)      July  25. 

The   Design   of   Ship- Ventilator  Cowls.*     G.    A.    Bisset.      (72)      July   31. 

The  Electrical  Equipment  of  a  Modern   Battleship.*     H.   A.   Horner.      (3)      Aug. 

Propelling  Machinery    for   Collier  Jupiter*     William   L.    R.    Emmet.      (95)      Aug. 

Rebuilding   a   Double    Bottom   Under   Engines.*     Enrico    Benvenuti.      (95)      Aug. 

.N'ew   Steamers   for   Central    Vermont   Railway.*      (95)      Aug. 

Brighton  Railway  Company's  New  Turbine  Steamer  for  the  Newhaven-Dieppe 
Service.*      (23)      Aug.    1. 

The   New  Spanish   Battleships.     (11)      Aug.   8. 

How  the  Gyroscope  Controls  Ships'  Rolling.*  R.  D.  Gatewood.  (From  Naval  Con- 
structor.)      (72)      Aug.   14. 

The   French   Destroyer,    Commandant  Riviere.*     (12)      Aug.    15. 

The  Fottinger   Transmitter.*      (11)      Aug.    15. 

The    Babcock   and   Wilcox   Boat-Lowering   Gear.*     (11)      Aug.    15. 

Watkins's    Rotary-Spud   Dredger.*      (11)      Aug.    15. 

Canadian   Pacific   Railway   Barge   for  Nelson,   B.   C*      (96)      Aug.   28. 

*Illustrated. 
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Marine— (Continued). 

Old   Dominion   Line's  Freight  Steamer  Tyler.*      (95)      Sept. 

Single  Screw   Molasses  Tanlt   Steamer  Amolco.*      (95)      Sept. 

Ship    Construction    Treated   from   a    Structural    Engineering   Standpoint.*      James    E. 

Steele.       (95)      Sept. 
Redressement  de  I'Escaut  en  aval  d'Anvers,  la  Question  du  Canal-Bassin.    C.-J.  Van 

Mierio.      (M)      Pt.    2. 
Escarbiiieurs  Hydrauliques  pour  Navlres,   Syst&me  Stone.*     (33)      July  5. 
Le  Culrasse-Croiseur  Japonals  Kongo*    M.   Gouriet.      (33)      July   19. 
La  Resistance  des  Sous-Marins  en  Plongf'e.     (33)      Aug.  2. 
Le   Periscope   Panoramique  (Joerz,   pour   Sous-Marins.*      (33)      Aug.   9. 
La   Nouvelle   Forme   de    Radoub   Gladstone   du    Port   de   Liverpool.*      (33)      Aug.    16. 
Neues  Schiffahrtsmaterlal  ftir  die  Rhone.*     Rud.  Schiitti.     (107)     Aug.  16. 

Mechanical. 

On   the   Production   of  Sound   Steel   by   Lateral   Compression   of   the   Ingot  Whilst   its 

Centre   is  Liquid.*     Benjamin   Talbot.      (7t)      Vol.   87. 
On    a    New    Form    of    Electrically-Driven    Two-High    Continuous-Running    Reversing 

Mill.     Andrew  Lamberton.     (71)      Vol.   87. 
Rolling-Mill  Practice  in  the  United  States.    J.  Puppe.      (71)      Vol.  87. 
An    Investigation    of    Liquid    Contraction    in    Cast    Iron.*     George    Hailstone.      (71a) 

Vol.  5. 
The    Development    of    the    Drill    Test    as    a    Means    of    Ascertaining    the    Machining 

Properties  of  Iron  and  Other  Metals  and  for  the  Investigation  of  Tool   Steels.* 

A.    Kessner.      (71a)      Vol.    5. 
The   Generation   and   Distribution  of  Producer-Gas   in  South   Stafford.shire.*     Herbert 

Alfred    Humphrey.      (63)      Vol.    192. 
A    Method    of    Designing    Cams.*     Frederick    Grover,    Assoc.    M.    Inst.    C.    E.      (63) 

Vol.    192. 
The  Turbo-Blower   and   Turbo-Compressor.*     George  Ingram.      (63)      Vol.    192. 
Refractories    for   the    Modern    Boiler  Plant.*     Kenneth    Seaver.      (58)      July. 
The    Relation    of    Flue    Ventilation    to    Heating    Efficiency    in    Gas-Fires.     W.    J.    A. 

Butterfield,    As.soc.    Inst.    C.    E.      (66)      Serial   beginning   July   22. 
Oxide  of  Iron   Purification   in   Sulphate  of  Ammonia  Works.*      (66)      July   22. 
Direct   Recovery   of   Tar   and   Ammonia   from   Coke-Oven   Gas   by   the   Still    Process.* 

F.   Korten.     (From   Gluckanf.)       (57)      July   25. 
Numerical    and   Graphical    Methods    in    Designing   Involute   Spur   Gears.*     A.   Schien. 

(From  General  Electric  Review.)      (47)      July  25. 
A   Model    Gas-Engine   Plant    in    Japan.*      (26)      July   25. 

The  Works  of  Messrs.  W.  H.  Allen,  Son  and  Co.,  Limited.      (11)      July  25. 
Commercial  Motor  Vehicle  Exhibition,   Olympia.*      (12)      Serial  beginning  July  25; 

(II)   July  25. 
Air  Filtration,  Cooling  and  Ventilation  of  Electrical  Machinery.    J.  Christie.     (Paper 

read    before   the   Municipal    Elec.    Assoc.)       (22)      July   25. 
Coal-Dust   Collecting   Plant   at   Burslem.*      (22)      July   25. 

New   Electrically-Driven   Rolling  Mill   Plant  of  the  Steel  Company  of  Canada,   Lim- 
ited.*     (22)      July    25. 
Purification  of  Blast-Fumace  Gases.    M.  Camille  Herwegh.     (Paper   read  before  the 

Soci«e  Industrielle  de  I'Est.)       (22)      July  25. 
Typical   Specifications  for  Steel  Castings.*    Edwin  F.   Cone.      (20)      July  31. 
Ma.sslve   Norton   Roll  Grinding  Machine.*      (20)      July  31. 
The  Rod   and   Merchant  Mills  of  the   Dominion  Iron   and   Steel   Company,   Limited.* 

(96)      July  31. 
The   Westinghouse  Hardening  Room.*    W.   J.   Kaup.      (72)      July   31. 
Methods   in   a   California   Gas-Engine   Shop.*      F.    A.    Stanley.      (72)      July    31. 
The   Production   of   Malleable  Castings.     Richard   Moldenke.      (108)      Aug. 
Testing   Oil    Stones   for   Cutting   and   Wearing   Qualities.     (From    Grits   and   Grinds.) 

(108)      Aug. 
Motorized    Hauling   Service.     Wellington    Walker.      (60)      Aug. 
Fighting  the   Smoke  Nuisance.    Harry  McNutt.      (60)      Aug. 
Motor  Trucks  in  Municipal   Contracting.*    H.   W.   Perry.      (60)      Aug. 
Oil   as   a   Supplementary   Fuel   In   Steam   Power-Plants.     Reginald   Trautschold.      (9) 

Aug. 
Recovery  of  By-Products  in  the  Modern  By-Product  Coke  Oven  Plant.*    C.  A.  Meiss- 

ner.     (Paper  read  before  the  Am.    Iron   and  Steel   Inst.)       (105)      Aug. 
Efficiency  Valuation  of  Fuels.*    W.   F.   Elwood.      (45)      Aug. 
Control    of    Dust    in    Portland    Cement    Manufacture    by    the    Cottrell    Precipitation 

Processes.*     Walter   A.    Schmidt.      (67)      Aug. 
The   New    Cement   Plant   at    Spokane.    Washington,    New    Methods   of   Handling    Raw 

Materials,   Reducing  Dust  Troubles  and  Gravity  Loading.*    E.   W.  Miller.      (67) 

Aug. 
Methods    for    Testing   Coal    Tar.*     S.    R.    Church.     (From   Journal   of   Industrial   and 

Engineering   Chemistry.)       (83)      Aug.    1. 
Comparative  Costs  of  Horse  and  Motor  Trucking.    Roy  F.  Moore.      (83)      Aug.  1. 

•Illustrated. 
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Mechanical— (Continued). 

Developments  in   Design  of  Commercial   Motor  Vehicles.*      (11)      Aug.   1. 

TeipheruKe   Plant   at   a   German    Electricity   Works.*      (57)      Aug.   1. 

Stores    Fire    Clay    Automatically.*      (76)      Aug.    1. 

New  Cement  Plant   in   Vancouver,  Concrete  Sheet  Piling  and  Heavy  Construction  at 

Precipitous   Site*       (14)      Aug.    2. 
The  Astoria-Bronx   Tunnel,    New   York  Consolidated   Gas  Company.*      (24)     Aug.    4; 

(66)      Aug.    5  :       (83)      Aug.    15. 
Heine  2-Pas.i.   2-Drum   Boiler   and   Superheater  Design.*      (62)      Aug.   4. 
Refractory   Materials  and   Temperature  Tests.      .1.   W.   Mellor.      (66)      Aug.   5. 
High-Pressure   Gas   Lighting   in    British   Shops.*     I.    W.    Chubb.      (72)      Aug.    7. 
Milling  Operations  on  Gasoline  Engines.*      (72)      Aug.   7. 
Fuel   for  Heavv-Oil    Engines.     Irving  C.   Allen.     (Abstract  of  Bulletin,   U.   S.    Bureau 

of    Mines.)       (96)      Aug.    7. 
The  Development  of  the   Revolving-Grate  Gas   Producer.      (22)      Aug.   8. 
The  A.   E.   G.   Oil  Engine.*      (47)      Aug.   8. 
Semi-Steel.    M.   Riddell.     (Paper  read  before  the  Brit.   Foundrymen's  Assoc.)      (47) 

Aug.  8. 
American   Silica  for   Retorts   and   Settings.*      (66)      Aug.    12. 
Meriden   Electric   Co.'s   New   Power   Station.*      (64)      Aug.   12. 
Low-Pressure  Steam   Turbines.     Jerome   Strauss.      (64)      Aug.    12. 
The   Analysis   of   Boiler   Losses.*       (64)       Aug.    12. 
New  Heavy-Oil   Engine.*    A.   E.    Ballin.      (64)      Aug.   12. 

A  Traction   Engine  Whose  Four  W^heels  Are  Driving  Wheels.*      (86)      Aug.   13. 
The    Youngstown    Sheet    &    Tube    Company,    the    Open-Hearth    Plant,    Blooming    Mill 

and    Other    Details   of    the    Important    Extensions    Now   About    Finished.*      (20) 

Aug.  14. 
The  Westinghouse  Oil-Storage  Plant.*      (72)      Aug.   14. 
Marine  Work  in   a  California  Railroad   Shop.*      (72)      Aug.   14. 
Gas-Electric  and   By-Products  Recovery  Plant  at  the  Accrington  Electricity  Works.* 

(26)      Aug.  15. 
Two-Cycle    "Semi-Diesel"    Engine.*      (12)      Aug.    15. 
The  Use  of  Motor  Vehicles  by  Gas  Companies.    H.  R.   Cook,   Jr.     (Paper  read  before 

the  Wis.    Gas  Assoc.)       (24)    Aug.    11;     (83)      Aug.    15. 
Burners  for  Oil   Fuel.*     R.   T.   Strohm.      (27)      Serial   beginning  Aug.    16. 
Unusual   Design  of  Overhead   Tramway.*      (16)      Aug.    16. 
Purchasers'    Tests   of    Crude    Fuel    Oil.*     W.    B.    Perkins.      (64)      Aug.    19. 
Mechanical  Handling  of  Materials.*     Reginald   Trautschold.      (96)      Aug.   21. 
Machining   Pulleys    and    Bearings.*      (72)      Aug.    21. 
Features   of    American    Core    Room    Practice,    a   Comparison    of   Methods    In    French 

and    ."American    Foundries.      Henry    Marquette    Lane.      (Paper    read    before    the 

Am.    Foundrymen's  Assoc.)       (20)      Aug.   21. 
The    Laboratories    of    the    Modern    Factory,    Chemical,    Physical    and    Metallographic 

Apparatus    and    Investigations   of    the    Studebaker    Corporation,    Detroit,    Mich.* 

E.   F.   Lake.      (20)      Aug.   21. 
Axial    Thrust   in    Turbine    Pumps,    and   the    Methods   of   Balancing   Same.*     A.   E.    L. 

Chorlton    and    L.    W.    Weil.      (11)      Aug.    22. 
The   .\daptibility  of  Semi-Steel   Mixtures.     R.   Hastings   Probert.     (Paper  read  before 

the  Ohio  Soc.  of  Mech.,  Elec  and  Steam  Engrs.)       (47)      Aug.   22. 
The    Steam    Friction    of    Turbine-Wheels.*     William    Kerr.      (Paper    read    before    the 

Scientific    Soc.)       (11)      Aug.    22;      (12)      Aug.    22. 
Modern  Gas  Producers  and  Coal  Economy  in  Melting  and  Heating  Furnaces.*    John 

A.   Smeeton.      (22)      Aug.   22. 
Liquid  Natural  Gas   for  Industrial   Purposes.*     Walter  O.   Snelling.      (62)      Aug.   25. 
New  York  City's   Power  Problem.*      (64)      Aug.   26. 
Elliott  Vertical  and  Horizontal  Heaters.*      (64)      Aug.  26. 

Tests  on   Small   Gasoline   Engines.    F.    M.    and   E.    A.   White.      (64)      Aug.    26. 
Development   of   Motor   Omnibus   Transportation    in    London.     E.    S.    Sharpnell-Smith. 

(Abstract  of  paper  read  before  the  Inter.   Road  Congress.)      (86)      Aug.   27. 
Structural   Steel   Fabrication   at   Rankin.   Pa.*      (20)      Aug.   28. 

The  Design  of  Chains  and  Chain  Wheels.*    Henry  E.  Hayward.      (72)      Serial  begin- 
ning Aug.  28. 
Special   Machines  for  Making  Pistons.*     Fred   H.   Colvin.      (72)      Aug.   28. 
Drilling   Gasoline-Engine    Beds    and    Cylinders.*      (72)      Aug.    28. 
Gun-Frame  and   Miscellaneous   Work.*     Ethan    Viall.      (72)      Aug.    28. 
Duff    Manufacturing   Company's    Plant,    Wide    Steel    and    Glass   One-Story   Shop   with 

Crane    and    Telpher    Systems,    for    .Manufacturing    Hydraulic    and    Screw   Lifting 

Jacks.*      (14)      Aug.   .30. 
Manufacture   of   Paving    Brick    from    Furnace    Slag.      (14)      Aug.    30. 
Logging  by  Electricity.    E.  J.  Barry.      (42)      Sept. 
Determination    de   la    Quantity    de    Charbon    Necessaire   k    la   Fabrication    du    Ciment 

Portland    par    les    Fours    Rotatifs.      (84)      July. 
La    Mise    en    Culture   du    Terrain    des    Tourbifires    et    I'Emplol    de    la    Tourbe   comme 

Combu.stible.*      (33)      July    19. 

*  Illustrated. 
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Mechanical— ( Continued) . 

Funiculalre  Afrien  t  Voyageurs  du  de  Sucre,  k  Rio  de  Janeiro.*    Ch.  Dantin.      (33) 

.July  2G. 
La    Recuperation    de    I'Ammoniaque   du    Gaz   de   Distillation    de   la   HoiuUe   dans    lee 

Cokeries.*     Desmarets.      (93)      Aug. 
Turbine  Pelton   de  6  000  Ctievaux.*      Maurice  Gariel.      (34)      Aug. 
Nouvelles  Machine.s   Frigoriflques.*      Norbert  Lallie.      (34)      Aug. 
Les    .^ppareils    de    Fusion    pour    I'Acier    Moule.     J.    Lambot.      (93)      Aug. 
Etude  des  Nouveaux   Syst&mes  de  Condensation   Goudronneu.'ie  du  Gaz   de   Houille  et 

de   Production    du   Sulfate   d'Ammoniaque.*     Charles    Berthelot.      (93)      Aug. 
Etude  Resum6e  sur  les  Sables  de  Fonderie  et  leur  Traitement.    A.  L.  Curtis.      (93) 

-Vug. 
Le    Travail    et    I'lnstallation    des    Fonderies    ainsl    que    des    Usines    en    G§n§ral    en 

.A.merique.    Brasseur.      (93)      Aug. 
Zeichnerische  Diagrammermittiung  fiir  Fordermaschinen  mit  Antrieb  durch  Reihen- 

schlus.smotoren    (Fordermaschinen  mit  Treibscheibe,  zylindrischen  und  kegellgen 

Trommeln     und     Bobinen).*      Gregor    Trefler    und    Fritz    Nettel.      (48)      Serial 

beginning  June  14. 
Die    Seilschwebebahn    fiir    Personenbeforderung    in    Rio    de    Janeiro,    erbaut    von    J. 

Pohlig  A.-G.    in    Koln.*     Albert  Pietrkowski.      (48)      June   14. 
Vorspannung    und    Aehsdruck    bei     Riemeu-und    Seiltrieben.      Georg    Duffing.      (48) 

June  21. 
Per  Turbinenpumpenbau  von  C.  H.  Jaeger  &  Co.»    H.  Mitter.      (48)      June  28. 
Fahrbare   Verlade-und   Fordervorrichtungen.     Hub.   Hermanns.      (48)      July   5. 
Der    Dampfverbrauch    der    Abdampf-und    Zweidruckturbinen    bei    den    verschiedenen 

Betriebsverhaltnissen.*     K.   Roder.      (48)      July  5. 
Elektrische  Heizung  im  Maschinenbau.    W.   Schulz.      (48)      July  12. 
Die    experiraentelle    Bestimmung    des   Ungleichformigkeitsgrades.*       Wilhelm    Riehm. 

(48)      July   12. 
Zur    Berechnung   von    Schutzbriicken   unter   Drahtseilschwebebahnen.      Bruno    Pfiitze. 

(40)      July   12. 
Die  Ausnutzung  der  Rauchgase  von  Drehrohrofen  zur  Dampferzeugung.    Otto  Schott. 

(80)      July    12. 
Trommelmiihlen    verglichen    mit    anderen    Mahlmaschinen.*     Gerhard    Zeyen.      (80) 

July    17. 
Kohlen-und  Aschesilo  in  Eisenbeton  fiir  Fa.   Rudolf  Sack,  Leipzig-Plagwitz.*      (78) 

July  19. 
Ueber    Nebenproduktengewinnung    aus    Generatorgas    (Ein    Beitrag    zur    Wirtschaft- 

lichkeitsfrage).     R.   Schulz.      (SO)      July  24. 
Die    speziflschen    Eigenschaften    und    Unterschiede   der    fe.sten    und    fliissigen    Brenn- 

stoffe  und  ihre  technische  Bedeutung.*  Aufhauser.  (50)  July  24. 
Das  Priifen  von  Werkzeugmaschinen.*  Rudolf  Langner.  (53)  July  25. 
Rauchgasanalyse     und     Koksverlust     beim     Drehrohrofen.        A.      B.      Helbig.      (80) 

July  26. 
Ein    neues   Wertberechnungsverfahren    fiir    Giessereierzeugnisse.*     Carl    Rein.      (50) 

July  31. 
Verlade-Anlage   der   Gewerkschaft    Brassert,    Marl    i.    W.     v.    Schlelnitz.      (69)      Aug. 
Berg-Seilschwebebahnen.*    M.    Buhle.      (102)      Serial   beginning  Aug.   1. 
Neue     Messgerate    fiir     Druck     und     Geschwindigkeit    von     Gasen     und    Dampfen.* 

H.    Lutke.      (50)      Aug.    7. 
Ueber  Ausspiilverfahren  bei   Gasmaschinen.*     A.   Nolte.      (50)      Aug.   7. 
Ueber  Antriebstragen   in  Hiittenwerken.      G.   Stauber.      (50)      Aug.   14. 

Metallurgical. 

The    Estimation   of   Oxygen    in    Iron    and   Steel.     J.    A.    Pickard.      (71a)      Vol.   5. 

Method   of   Producing   Sound    Ingots.     W.    C.    Gushing.      (85)      Vol.    14. 

The   Economy  of  Dry  Blast.    Jo.sef  von   Ehrenwerth.      (71)      Vol.  87. 

Influence  of   Sulphur  on   the   Stability  of   Iron   Carbide   in   the   Presence  of  Silicon.* 

W.   H.   Hatfield.      (71)      Vol.   87. 
Some   Fundamental  Faults  of  Present-Day  Furnaces  and  Their  Remedies.*    Alleyne 

Reynolds.      (71)      Vol.    87. 
A  New  Method  for  the  Accurate  Determination  of  Phosphorus.    C.   H.  Ridsdale  and 

N.    D.    Ridsdale.      (71)      Vol.   S7. 
The    Critical    Ranges    of    Pure    Iron    with    Special    Reference    to    the    A2    Inversion.* 

H.  C.  H.  Carpenter.      (71)      Vol.  87. 
The   Influence  of  the   Metalloids  on   the  Properties   of  Cast   Iron.     H.    I.   Coe.     (71) 

Vol.  87. 
Electric   Steel  Furnaces  in   Sheffield.*      (26)      July  25. 
Slow-Speed  Chilean  Mill  Data.    Erich  J.  Schrader.      (103)      July  26. 
The   Precipitation  of  Gold  by  Manganous  Salts.    A.   D.    Brokaw.     (Paper  read  before 

the  Am.   Chemical  Soc.)       (103)      July   26. 
The    Temperature   of   Certain    Operations    in    the    Metallurgy    of    Copper    and    Lead.* 

G.   Howell   Clevenger.      (105)      Aug. 
Two  Arizona   Cyanide   Mills.*     Herbert  A.    Megraw.      (16)      Aug.    2. 

*  Illustrated. 
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Metallurgical     iContinued>. 

Exp.TinK  Ills     with     an     Oil-Burning     Shaft     Furnace.*      Albert     L.     Waters.      (16) 

Operation  of  the  West  End  Mill,   Tonopah.    Jay  A.   Carpenter.      (103)      Aug.   2. 
Blast   Quantity  and   Pressure  in   Cupola  Working.*     F.   J.   Cook.     (Paper   read  before 

the    British    Fnundrvmen's    Assoc.)       (20)      Aug.    7. 
Bag-House  at  Omaha  Plant  of  A.  S.  &  R.  Co.*    A.  Eilers.     (82)      Aug.  9. 
Electrostatic    Separation    of    Barstow    Concentrate.*     C.    R.    Wilfley.      (16)      Aug.    9. 
Reinforced-Concrete  Tailings   Bin.*      (16)      Aug.   16. 
New   Smeltery  of   United   Verde  Copper  Company.*     Richard  H.   Vail.      (16)      Serial 

beginning   Aug.    l(i. 
Minerals   Separation    vs.   James  M.   Hyde.      (16)      Aug.    16. 
Rapid  Determination  of  Nickel   in   Steel.     Percy   S.   Brown.     (From   Metal  Industry.) 

(20)      Aug.  21. 
The  Coleraine   Iron   Ore  Washing  Plant.*      John   Uno   Sebenius.      (Abstract  of  paper 

read  before  the  Lake  Superior  Min.  Inst.)     (20)      Aug.  28. 
The  Argo  Cyanide  Mill.  Idaho  Springs,  Colo.*    Stephen  L.   Goodale.      (16)      Aug.   30. 
La   Soudure   Electrique   par  Electrodes   metalliques,    proc6d§   Strohmenger.*    L.    Clerc. 

(34)      Aug. 
Technologische  Schliisse  aus  der  Kristallographie  der   Metalle.  *      W.   v.   Moellendorff 

und  J.  Czochralski.      (48)      Serial  beginning  June  14. 
Anreichern,   Brikettieren   und  Agglomerieren   von   Eisenerzen  und  Gichtstaub.*      (50) 

Serial  beginning  July  24. 
Neueres    aus    der    Elektro-Roheisenerzeugung    Skandinaviens.     A.    Beielsteln.      (50) 

July  31. 
Ueber    den    kornigen    Perlit    und    seine    Bedeutung    fiir    die    Warmebehandlung    des 

Stahls.    H.   Hanemann  und  Fr.  Morawe.      (50)      Aug.   14. 

Military. 

Bridging-Operations    Conducted    under    Military    Conditions.       Crofton    Edward    Pym 

Sankey.      (63)      Vol.    192. 
Field    Girder    Bridges.*     G.    E.    Smith.      (From    Royal    Engineers'    Journal.)      (100) 

Sept. 
Some    Experiments    in    the   Use   of    Bamboo    for    Hasty    Bridge    Construction.*     P.    S. 

Bond,  M.   Am.  Soc.  C.   E.     (100)      Sept. 

Mining. 

Small  Coal  and  Dust  ;  Its  Production.  Prevention,  Treatment,  and  Utilization,  with 
Special  Reference  to  Dry  Mines.*  J.  Drummond  Paton.  (Paper  read  before 
the  Manchester  Geol.   and  Min.   Soc.)       (106)      Vol.   45,   Pt.  3. 

Notes  on  the  Geology  of  Shansi  and  the  Coal  Industry  in  Northern  China.*  Noah 
T.  Williams.  (Paper  read  before  the  Manchester  Geol.  and  Min.  Soc.)  (106) 
Vol.  45.  Pt.  3. 

Notes  on  the  Effect  of  Temperature  in  Mines  in  Great  Britain.  John  Cadman. 
(Paper  read  before  the  Midland  Counties  Institution  of  Engrs.,  and  the  Mid- 
land Inst,  of  Min.,  Civ.  and  Mech.  Engrs.)       (106)      Vol.  45,  Pt.   3. 

Reinforced  Concrete  in  Mines.*  S.  M.  Dixon.  (Paper  read  before  the  South  Stafford- 
shire  and   Warwickshire   Inst,   of    Min.    Engrs.)       (106)      Vol.    45,    Pt.    3. 

A  Record  of  the  Origin  of  the  Principle  of  Stone-Dusting  for  the  Prevention  of 
Colliery   Explosions.   W.    E.   Garforth.      (106)      Vol.   45,    Pt.    4. 

The  Reopening  of  Norton  Colliery  with  Self-Contained  Breathing-Apparatus  after 
an   Explosion.*      J.  R.   L.   Allott.      (106)      Vol.   45,   Pt.   4. 

The  Use  of  High-Tension  Continuous  Current  on  the  Thury  System  in  Mines. 
S.    F.    Walker.      (77)      July. 

New   Screening   Plant   at   Whitwood    Colliery.*      (22)      July   25. 

The  Coalfields  of  India.*  V.  Ball.  (Abstract  from  Memoirs  of  the  Geol.  Survey  of 
India,   revised  by   R.   R.   Simpson.)       (22)      July  25. 

Tiie   German    West    African    Diamond    Fields.      (68)      July   26. 

The  Amakie  Sapphire  Fields  of  Queensland.  Lionel  C.  Ball.  (From  Queensland 
Mini'io   .Journal.)      (103)      July    26. 

A  Cost  and  Time  Study  of  Big  Blast  Hole  Drilling.  R.  R.  Sanderson.  (67)  Serial 
beginning  Aug. 

Fire  Protection  of  Mines.  James  Taylor.  (Paper  read  before  the  Mining  Con- 
ference.   Univ.    of    Illinois.)       (45)      Aug. 

Four-Decked  Cage  at  St.   Michael.*     (45)      Aug. 

Working  an   Inclined  Coal   Bed.*      George  Watkin   Evans.      (45)      Aug. 

Electric   Well   Drills   in   a   Cement   Quarry.      (14)      Aug.    2. 

Preparatory  Work  of  the  Alaska  Gold  Mines  Company.*  Grant  H  Tod  (103) 
Aug.    2. 

Rock-Drill  Testing  at  the  North  Star.*  Robert  H.  Bedford  and  William  Hague 
(103)      Aug.  2. 

The  Conservation  of  Mineral  Resources.  James  Douglas.  (Paper  read  at  Columbia 
Univ.)       (82)      Aug.    2. 

Approved  Safety   Lamps.*      (57)      Aug.   8. 

*Illustrated. 
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Mining— (Continued!. 

Distributing   Power   to    Drltish    Columbia   Mines.*     Jared   Thompson.      (82)      Aug.    9. 

Mining  Cost   Accounts  of   Anaconda   Co.    H.   T.   Van   Ells.      (82)      Aug.   9. 

An   Iron   Concentrator  of  Unusual  Design.*     U.   O.   Kellogg.      (16)      Aug.   9. 

New  Circular  Shaft  on  the  Rand.      (16)      Aug.  9. 

The   Cost   of   Copper.     Heath    Steele.      (16)      .A.ug.    9. 

Conditions  Affecting  Explosions  of  Coal  Gas  and  Air.*  E.  L.  Sellars  and  C.  Camp- 
bell.     (From  Jounial,  Soc.  of  Chem.  Industry.)      (66)      Aug.  12. 

External  Stemming  with  Incombustible  Dust.*  V.'Watteyne  and  B.  Lemaire.  (From 
Ami.  des  Mines  de  Belgiquf.)      (22)    Aug.   15  ;    (57)   Aug.  15. 

Explosive  Testing  Station  at  Rotherham.*      (22)      Aug.   15. 

The   Testing  of   Explosives.*     (57)      Aug.    15. 

Mine   Cost   Keeping.     C.    M.    Eye.      (103)      Aug.    16. 

Nechi   River  Placer  Mining,  Colombia.*     William   F.  Ward.      (16)      Aug.   16. 

Electric  Power   for  Missouri-Kansas  Zinc   Mines.*     Warren   Aikens.      (82)      Aug.   16. 

Shaft  Signalling  Devices  Operated  from  the  Moving  Cage.*  J.  Kersten.  (From 
Atinales   dcs   Mines   de   Belgique.)       (57)      Aug.    22. 

Pumping  at  the  Comstock.*     A.   M.   Walsh.      (103)      Aug.   23. 

Internal   Combustion   Mine  Locomotives.*     John   Tyssowski.      (16)      Aug.   23. 

The  Coleraine  Iron  Ore  Washing  Plant.*  John  Uno  Sebenius.  (Abstract  of 
paper  read  before  the  Lake  Superior  MIn.    Inst.)       (20)      Aug.   28. 

Concrete   Shaft  Station.   Wolverine   Mine.*     Claude   T.    Rice.      (16)      Aug.    30. 

How  to  Handle  a  Dry  or  Dusty  Mine.  David  Victor.  (Abstract  of  paper  read 
before  the   Kentucky   Min.    lust.)       (45)      Sept. 

The   Brookside   Mine   Disaster.*     William   Z.    Price.      (45)      Sept. 

Coal   Mining  Machines.*     Wilbert  A.    Miller.      (45)      Sept. 

Relation   of  Subsidence   to    Packing.*     George   Knox.      (45)      Sept. 

Carrying    the    Meridian    Underground.*     W.    H.    Roberts,    Jr.      (45)      Sept. 

A  Modern  Substation  in  the  CcEUr  d'Alene  Mining  District.  John  B.  Fisken.  (42) 
Sept. 

Compression  de  I'Air  au  Moyen  d'une  Chute  d'Eau  et  Apparells  Speclaux  de  Com- 
pression.*    W.  Glucksman.      (31)      Pt.  2. 

Miscellaneous. 

Report  of  Special  Committee  (Am.  Ry.  Eng.  Assoc.)  on  Uniform  General  Contract 
Forms.      (85)      Vol.    14. 

Report  of  Committee  (Am.  Ry.  Eng.  Assoc.)  on  Conservation  of  Natural  Re- 
sources.     (85)      Vol.   14. 

The  Consulting  Engineer  and  the  Municipal  Engineer.  H.  C.  H.  Shenton.  (Paper 
read   before   the    Institution   of   Mun.    Engrs.)       (96)      July    31. 

The    Imaginative    Faculty    in    Engineering.     Isham    Randolph.      (3)      Aug. 

The  Distribution  of  Wind  Velocity  in  the  Space  Surrounding  a  Circular  Rod  in  a 
Uniform  Current  of  Air.*    J.  T.   Morris.      (11)      Aug.  8. 

Depreciation  or  Valuation  of   Properties.*      L.   R.   Pomeroy.      (15)      Aug.    15. 

Public  Works  in  the  Philippine  Islands  under  the  American  Regime.  H.  F.  Cam- 
eron,   M.    Am.    Soc.    C.    E.       (14)      Serial   beginning   Aug.    16. 

Municipal. 

Municipal    Improvements   and   the   Chambersburg   Plan.     Thomas   J.    Brereton.      (98) 

July. 
Road   Maintenance   and   Improvement,    Present  and   Future.     Harold   Collins.     (Paper 

read  before  the  Institution  of   Mun.   and  County  Engrs.)       (104)      July   25. 
Road     Construction     and     Maintenance,     Present     and     Future.      Hector     F.     Gullan. 

(Paper  read  before  the  Institution  of  Mun.  and  County  Engrs.)    (104)      July  25. 
Modern    Road    Maintenance.     R.    Drummond.      (Paper   read   before   the   Institution   of 

Mun.    and    County    Engrs.)       (104)      July    25. 
A    Machine    for    Testing    Pavement.*      (12)      July    25. 
Experimental    Work    in    Dust    Prevention    and    Road    Preservation    in    1912    by    the 

U.    S.    Office   of   Public   Roads.      (86)      July  30. 
Pavement  Sub-Grade.      S.   J.   Van  Ornum.      (96)      July  31. 
Creosoted   Wood    Block    Pavement    In   Cincinnati.     H.    M.    Waite.      (60)      Aug. 
Methods    Which    Have   Developed    Successful    Concrete    Pavements.*      (60)      Aug. 
Hammer    Drills    in    Highway    Construction.      (14)      Aug.    2. 
Comparative    Advantages    of    Different    Types    of    Roads.     John    R.    Robbln.      (Paper 

read  before   the    Inter.    Road   Congress.)       (86)      Aug.    6. 
Methods  and  Time  Cost  of  Reinforced  Concrete  Pavement  Construction  at  Plymouth 

Wis.*      (86)      Aug.   6. 
Notes   on   the   Tar   Treatment  of    Road    Surfaces.*      (86)      Aug.    6. 
Damage  to  Macadamized  Roads  by  Mechanically  Propelled  Vehicles.    H.  T.  Wakelam 

(Abstract   of    paper    read    before   the    Institution    of    Mun.    and    County    Eners  ) 

(104)      Aug.    8.  J  ^     -f 

Instructions  for  Foremen  and  Contractors  on  State  Road  Construction  In  Wisconsin. 

(Abstract  of  Bulletin,  Wis.  State  Highway  Comm.)      (13)      Aug.   14. 

*  Illustrated. 
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Municipal— (Continued). 

Sprinkling    and    Oiling    Streets,    St.    Paul,    Minn.  ;    Organization,    Methods,    Cost    and 

Mt'thod   of    .'V.'Jsossing   Cost.      (13)      Aug.    14. 
Small   Granite-Blocic   Pavement   in   Navy   Yard   at   Brooklyn.*      (14)      Aug.    16. 
Practice   and    Experience   with    Algarobo   Wood    Pavements    in    Buenos    Aires,    Argen- 
tina.*     Claro    C.    Dassen.      (Abstract    of    paper    read    before    the    Inter.    Road 

Congress.)       (86)      Aug.    20. 
A    Few    Comparative    Costs    in    Road    and    Pavement    Work.     Fred.    L.    Macpherson, 

A.    M.   Inst.  C.    E.      (96)      Aug.   21. 
Rock-Asphalt   Paving  in  San  Antonio.*      (14)      Aug.  23. 
Suggested    Plan    of    Procedure   for   City    Planning    Commission.     E.    P.    Goodrich    and 

George    B.    Ford.      (Abstract   of    report    to    City    Plan    Comm.    of    Jersey    City.) 

(86)      Aug.   27. 
Macadam    Construction    with    Slag    Concrete    Binder.      A.    Cornet.      (Abstract    from 

report    to    Inter.    Road    Congress.)       (86)      Aug.    27. 
English    Practice    in    Wood    Pa%*ing.      A.     Brown    and    others.      (Abstract    of    paper 

read    before    the    Inter.    Road    Congress.)       (86)      Aug.    27. 
Town    Planning.    Christopher  J.   Yorath,   A.    M.   Inst.   C.   E.     (Abstract  of  paper   read 

before  the  Union  of  Canadian  Municipalities.)  (96)  Aug.  28. 
Science  in  the  Design  of  Streets.  J.  Russell  Ellis.  (96)  Aug.  28. 
Portable   Asphalt   Mixing  Plant,   Springfield,   Mass.*      (13)    Aug.   28;    (14)    Aug.   23; 

(86)    Aug.    20. 
La   Grande  Voirie   aux   Etats-Unis.    M.    Muhlen.      (30)      Aug. 
Iiruckluft-Handpflasterrammen.*     M.    Kiecksee.      (48)      June    28. 
Die   topographisch-bauliche    EJntwicklung   Zurichs.*     F.    Becker.      (107)      Aug.    9. 

Railroads. 

Report  on  the  Effect  of  Design  of  Tie-Plates  and   Spikes  on  the   Durability  of  Ties. 

(Comm.,   Am.    Ry.    Eng.    As.soc.)       (85)      Vol.    14. 
Metal,   Composite  and   Concrete  Ties.*      (85)      Vol.   14. 
Continue   Study  of  the   Stresses   to  Which   Cross-Ties   Are  Subjected,   and   Determine 

Size    Required.      (Comm.,    Am.    Ry.    Eng.    Assoc.)       (85)      Vol.    14. 
Track     Construction    and     Flangeways    at     Paved     Street    Crossings     and    In     Paved 

Streets   (Report  of  Comm..  Am.   Ry.   Eng.   .A^ssoc.).*      (85)      Vol.  14. 
Electrolysis     (Report    of    Comm.     on    Electricity,     Am.     Ry.     Eng.     Assoc.).*        (85) 

Vol.   14. 
Locomotive    Fuel    Consumption    and    the    Speed    Diagram.      A.     K.    Shurtleff.      (85) 

Vol.   14. 
Track   Scales.     H.   T.  Porter.      (85)      Vol.   14. 

Freight  House  Floors  (Report  to  Am.  Ry.  Eng.  Assoc.).*      (85)      Vol.  14. 
Report   of   Committee    (Am.    Ry.    Eng.    Assoc.)    on    Ballast.      (85)      Vol.    14. 
Report  of  Test  on   Gravel   Ballast.*      H.    B.  MacFarland.      (85)      Vol.   14. 
Cleaning   Stone    Ballast   by    Use   of    Screens.*      W.    I.    Trench.      (85)      Vol.    14. 
English  Track  on  the  Pennsylvania  Railroad.*      Jos.  T.   Richards.      (85)      Vol.  14. 
Report   of   Committee    (Am.    Ry.    Eng.    Assoc.)    on   Signals   and   Interlocking.*      (85) 

Vol.   14. 
Report  of  Committee   (Am.   Ry.   Eng.   Assoc.)   on  Track.*      (85)      Vol.  14. 
Track   Tanks.*      George  W.   Vaughan.      (85)      Vol.   14. 
Report  of   Special   Committee    (Am.    Ry.    Eng.   Assoc.)    on   Uniform   General    Contract 

Forms.      (85)      Vol.    14. 
Typical    Situation    Plans   of    Passenger    Stations    (Report    of    Comm.,    Am.    Ry.    Eng. 

Assoc).      (85)      Vol.    14. 
Business     Handled     and    Situation     Plans     at    Various     Passenger     Stations.*      (85) 

Vol.  14. 
Design   and  Operation   of  Hump  Yards.      (85)      Vol.   14. 

Development  in   the   Handling  of  Freight   by  Mechanical   Means.*      (85)      Vol.    14. 
Influence   of   Silicon   on   Open-Hearth    Ingots   and    Rails.*      M.    H.    Wickhorst.      (85) 

Vol.   14. 
Stremmatograph    Tests   of   Track   under   Service   Conditions.*      P.    H.    Dudley.       (85) 

Vol.    14. 
Report   of   Committee    (Am.    Ry.    Eng.    Assoc.)    on    Economics   of    Railway   Location.* 

(85)      Vol.    14. 
Ratio  of  locomotive   Equivalent  Ton   Mileage  to  Total.      (85)      Vol.   14. 
Dynamometer    Tests,    Baltimore   &    Ohio    Railroad,    Application    to    Tonnage    Rating.* 

R.    N.    Begien.      (85)      Vol.    14. 
Report  of  Committee   (Am.   Ry.   Eng.   Assoc.)   on  Rail.      (85)      Vol.   14. 
Specifications  for  Carbon  Steel   Rails,   1913    (Am.   Ry.  Eng.  Assoc).      (85)      Vol.    14. 
Ductility  and  Elongation  Tests.*      P.  H.  Dudley.      (85)      Vol.  14. 
Abrasion  Tests  of  Rails  on  Revolving  Machine.     M.  H.   Wickhorst.      (85)      Vol.  14. 
Influence    of    Titanium    on    Bessemer    Ingots    and    Rails.*       M.    H.    Wickhorst.      (85) 

Vol.   14. 
Pipeless  Ingots.*     M.  H.  Wickhorst.      (85)      Vol.   14. 

Transverse  Ductility  of  Base  of  Rails.*      M.   H.  Wickhorst.      (85)      Vol.  14. 
Influence  of  Seams  or  Laminations  in  Base  of  Rail  on  Rail   Failures.*      H.    B.   Mac- 
Farland.     (85)      Vol.  14. 

•Illustrated. 
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Railroads— (Continued). 

Kail    Failure   Statistics   for   Year   Ending  October   31,   1911.*      R.   C.   Trimble.      (85) 

Vol.    14. 
Effect  of  Piping,   Cavities  and  Porous  Spots  in  Ingots  on  the  Finished   Rail.*      J.    R. 

Onderdonk.      (85)      Vol.   14. 
Investigation    of    Silvery    Oval    Spots,    Sometimes    Called    "Transverse    or     Internal 

Fissures"   in    Rail   Heads.      W.    C.   Gushing.      (85)      Vol.    14. 
The  London   and   South  Western   and   Metropolitan   District  Railways'   Widening   Be- 
tween Acton  Lane  and  Galena  Road.*      Eric  Alexader  Ogilvie.      (63)      Vol.   192. 
The  Canton-Kowloon    Railway:   Chinese  Section.*      Frank  Grove,   M.    Inst.   C.   E.   and 

Basil    Tanfield    Beridge    Boothby,    Assoc.    M.    Inst.    C.    E.      (63)      Vol.    192. 
Forms   of   Arms   and   Spectacles   for   Railway-Signals.*      Edgar   William   Timmis,    M. 

Inst.  C.  E.      (63)      Vol.   192. 
Utilization   of    Exhaust   Steam   ou   Locomotives.      L.    Schneider.      (From   Annalc7i   fiir 

Gcwc7-be   und  Hauwescn.)       (88)      July. 
Water   Purifier   for   Locomotive   Boilers.*      Cornelius   Pecz.      (88)      July. 
Shape,  Material  and  Resistance  of  Rails.      A.   Flamache.      (From  Bulletin  de  I'Union 

amicale    et    d'agrement    des    Ingenieurs    des    chemins    de    fer    de    I'Etat    beige.) 

(88)      July.  , 

Wooden  Sleepers  or  Iron  Sleepers.     Rectanus.    (From  Zeitung  des  Vereins  deutscher 

Eisenbahn    Verwaltungen.)       (88)      July. 
Huge  Decapod   Locomotives   for   Service   on   the   French   Coalfields.*      (22)      July   25. 
Impressions  of  German  Railway  Practice.*      Henry  W.  Jacobs.      (23)      July  25. 
The  Sleeper  Treating  Plant   at   Galesburg,   Chicago,   Burlington   &   Quincy   Railway.* 

(23)      July  25. 
New  Fast  Goods  Locomotive,   Great  Central   Railway.*      (23)      July   25. 
A  Maintenance-of-Way  Department  Railroad  Testing  Plant.*      B.  B.  Milner.   (3)   Aug. 
An   Engineer's  Reminiscences  of   Mexican   Railway   Building.      Max  E.   Schmidt.      (9) 

Aug. 
Single-Track  Block  Signaling  on  the  Chicago  &  Northwestern  Railway.*      (87)      Aug. 
Note    on    the    Installations    of    Saxby    Interlocking    Apparatus    on    the    Belgian    State 

Railways.*       Rene    Minet.        (From    Bui.     technique    du    Cercle    des    Chefs     de 

Sections  des  Chemins  de  For  de  I'Etat  Beige.)      (88)      Aug. 
Registering   Machines   in   the    Railway   Services.*      H.    Marchand.      (88)      .^ug. 
Misapplication   of   Interest,    Contingencies   and   Engineering   Items    for   Valuing    Rail- 
roads  by   Cost   of   Replacement   Method.      D.    F.    Jurgensen.      (1)      Aug. 
Four-Wheeled    Bogie;    South    Eastern    and   Chatham   Railway.*      (21)      Aug. 
The   Mestre    Superheater,    Eastern    Railway   of   France.*      (21)      Aug. 
The    Alterations   at   Watford   Junction    Station,    London    &    North-Western    Railway.* 

(21)      Aug. 
2-G-G-2    Mallet   Engines   Fitted   with   Street   Mechanical   Stoker,   South    African    Rail- 
ways.*     (21)      Aug. 
Powerful    Mikado    on    the    Reading.*      (25)      Aug. 
Long  Island  Improvements  at  Jamaica.*      (15)      Aug.   1. 
New   Engine  Terminals  on   the  Western   Maryland.*      Gustave   E.   Lemmerich.      (15) 

Aug.    1. 
Development  of  the  East  Indian  Railway.*      Lewis  R.  Freeman.      (IS)      Aug.  1. 
Automatic  Train   Pipe  Connector.*      (15)      Aug.   1. 
The  New  Classification  Yard,  Winnipeg,  C.  P.  R.*      (23)      Aug.  1. 
Superheated    Goods    Engines,    Bombay,     Baroda    &■    Central    India     Railway.*      (23) 

Aug.   1. 
Tests  of  an  Atlantic  Type  Passenger  Locomotive,  Pennsylvania  R.  R.*      (18)      Serial 

beginning  Aug.   2. 
Chilled    Iron    Car    Wheel.*      A.    A.    Hale.       (Abstract   of   paper   read    before   the   New- 
England   R.    R.    Club.)       (18)      Aug.   2. 
Mikado  Type  Locomotives  for  the  Grand   Trunk  Ry.*      (18)      Aug.   2. 
Features    of    Louisville    &    Nashville    Work    between    Nashville    and    Birmingham.* 

(14)      Aug.    2. 
New   1  200-Volt  Line  Between   Nashville  and   Gallatin,   Tenn.*      (17)      Aug.    2. 
The   Minnesota   Rate  Cases  Decision   as   Relating  to   Appraisal    and   to   Rate   Making. 

(86)      Aug.   6. 
Improved  Slip-Switch   Crossings:   Pennsylvania   R.   R.*      (13)      Aug.   7. 
The  Kansas  City  Terminal  Railway.*      (13)      Aug.  7. 
Requisites  for  Apparatus  for  Train  Control.      (Report  to  the  Am.   Ry.  Assoc.)       (13) 

.\ug.   7. 
"Cotton  Belt"  Freight  Terminal  at  St.  Louis.*     Winters  Haydock.     (IS)     Aug.  8. 
An  Unusual  Signal  Installation.*      (IS)      Aug.  8. 
Extensive   Improvements  on  the  L.   i:  N.,  Interesting  Features  of  the  Bridge,   Tunnel 

and   Grading  Work  now   Under   Way   between   Paris,   Ky.,   and   Jackson.*      (15) 

Aug.  S. 
New  End  Construction  for  Pullman  Cars.*      (15)      Aug.  8. 
Electric   Trucks   in    Freight   House    Service.*      (15)      Aug.    8. 
Petrol-Hydraulic  Railway  Motor  Coach.*      (11)      Aug.  8. 
Some  Recent  American  Locomotives.      (12)      Serial  beginning  Aug.  8. 

•Illustrated. 
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An   Klt-ctiic   Railway   in  the  French   Pyrenees.*      Alfred  Gradenwitz.      (26)      Aug.    8. 
Company-Force    Work    on    the    Loul.iville    &    Na-shville    Railroad,    Special    Equipment 

and  Hesults  on  Grade  Revision  and  nouble-Traclting.*      (14)      Aug.   9. 
Diagram  of  Co.st  of  Retaining  Walls.*      E.   F.   Kriegsman.      (14)      Aug.   9. 
Selt-Supporting   Concrete   Tunnel-Lining   Bloclts.*      (14)      Aug.   9. 
The  Kansas  City.   Clay  County  &  St.   Joseph   Railway.*      (17)      Aug.   9. 
Report    on    Traolt    Scales    by    the    Interstate    Commerce    Commission.      (18)      Serial 

beginning  Aug.  9. 
Report  on   a  Broken   Rail   for  the  Terminal   R.   R.   Association  of  St.   Louis.*      (18) 

Aug.   9. 
Right  of  Way  Multiples  in  California.     Walter  Melvin  Wells.      (86)      Aug.   13. 
Handling  West-Bound  Freight  on  the  North   River  Railroad   Piers.*      W.  J.   Barney. 

(\3,\      .'Vug.    14. 
Special    Features   of    New   Locomotives   for   the   Atchison,    Topeka    &    Santa   F§   Ry.* 

(13)      Aug.    14. 
The  Most  Powerful   Electric  Locomotives  in  the  World    (N.   Y.   C.   &  H.   R.   R.   R.).* 

(23)      Aug.  15. 
Machines   for  Producing  Copper  Fire-Box   Stays.*      (23)      Aug.    15. 
New  York  Central   Improvements  at  Rome.*      Emile  Low.      (15)      Aug.   15. 
The  Interlocking  of  Railway  Points  and  Signals.*      (12)      Aug.   15. 
Methods  of  Handling  Light  Earthwork.*      H.   C.  Landon.      (15)      Aug.   15. 
The  Oil   Engine  in    Railway  Water   Service.      C.    R.   Knowles.      (15)      Aug.    15. 
Specifications    for   Manganese   Steel    Rails.       (15)      Aug.    15. 
Reclaiming  Scrap  on  the  Santa  Fe.*      (15)      Aug.  15. 
Maps  and   Profiles  Required   for  Railroad  Valuation.      (18)      Aug.   16. 
Trafflc   Improvements  of   the  Connecticut   Company.*      (17)      Aug.    16. 
A  New  Automatic  Railway  Switch.*      (86)      Aug.  20. 
A  Large  City  Freight  Terminal.*      (13)      Aug.  21. 

New   Tank   Engines   for  the   Central    Uruguay   Railway.*      (23)      Aug.    22. 
New    "Soo"     Freight    Terminal    at    Chicago,    Details    of    Design    of    Large    Elevated 

Freight  Terminal  Carried  on  Reinforced  Concrete  Structure.*      Arthur  R.   Lord. 

(IS)    Aug.  22  ;    (14)    Aug.   16. 
The  Darjeeling  Himalayan  Railway,  Many  Difficulties  Overcome  to  Enable  This  Two- 
Foot  Gage  Line  to  Climb  the  Himalayas  on  a  Four  Per  Cent.  Grade.*     Lewis  R. 

Freeman.      (IS)      Aug.    22. 
Advantages  of  the  Brick  Arch.     Le  Grand  Parish.      (Paper  read  before  the  Traveling 

Engrs.'  Assoc.)      (15)      Aug.  22. 
Fifty-Ton   Electric   Locomotives,   British   Columbia   Electric   Ry.*      (18)      Aug.   23. 
Consolidation    and    Ten-Wheel    Locomotives    for    the    St.    Louis    Southwestern    Ry.* 

(18)      Aug.   23. 
Single-Phase-Polyphase    Motors    for    the    Norfolk    &    Western.      (17)      Aug.    23. 
A   Slide   Rule   Method  of   Computing  Earthwork.      Frank  Helm.      (86)      Aug.    27. 
The   Summit   Cutoff  of  the  Lackawanna   Railroad.*      (13)      Aug.   28. 
Heavy   Power   for  the  Northern   Pacific.*       (IS)      Aug.   29. 
Nomographic  Method  for  Finding  Center  of  Gravity  and  Moment  of  Inertia   (Rails).* 

(15)      Aug.    29. 
Way  Construction  of  the  Connecticut   Company.*      (17)      Aug.    30. 
Recent   Applications   of  Concrete  on   the   Long   Island   R.   R.*      Frederick   Auryansen. 

(Abstract   of   paper   read  before   the   National    Assoc,   of   Cement   Users.)      (18) 

Aug.   30. 
Blount  and   Hayden   Mountain  Tunnels.*      (14)      Aug.   30. 
Mountain  Railway  Electrification.*     Allen  H.   Babcock.      (42)      Sept. 
Note    sur    les    Chemins    de    Fer    Africains.*       Percy    F.    Martin.      (38)      Serial    be- 
ginning May. 
Note  sur  les  Locomotives  ArticulSes.     Lionel  Wiener.      (38)      Serial  beginning  May. 
Le  Chemin   de  Fer  des  Alpes   Bernoises    (Berne-Loetschberg-Simplon)  .*      Ch.  Dantin. 

{Hi      July  5. 
Le  Projet  d'Electrification  des  Chemins  de  Fer  f6dfraux  suisses.      {3i)      July  26. 
Note    sur    les    Locomotives    Puissantes    de    la   Compagnie    Bone-Guelma    et    Prolonge- 

ments.*      L.     F611x.      (38)      Aug. 
Note   sur   la   R^utilisation,    aprSs   Essorage,    des   Garnitures   des    Boites   d'Essieux    du 

Type   Americain   et   sur    la    Recuperation   des    Huiles   de   Graissage.*      Alexandre 

Gri.son.      (38)      Aug. 
Le    Freinage    des    Trains    de    Marchandises    par    le    Frein    Continu    a    Vide    Hardy.* 

Jacques    Neblinger.       [33)      Aug.    2. 
Les   Locomotives  a.  I'Exposition   de  Gand.*      L.    Pierre-Gu6don.      {H)      Aug.   16. 
Der  neuc   Kopenhagener   Hauptpersonenbahnhof.*      de   Bruyn.      (49)      Pt.    7. 
Der   Unibau   des   Hauptpersononbahnhofs   Cassel.*      Masur.      (49)      Pt.    7. 
Die  Murgtalbahn.*     Gaber.      (102)      July   1,'). 
Anheizofcn   fiir  Ix)comotiven.      Borghaus.      (102)      July  15. 
Wirtschaftliche  Grundsatze   fiir  das   Anschuhen   von   Heizrohren   mit  Kupferstutzen  * 

J.   Feder.      (102)      July   15. 
Ueber    den     Lauf    steifachsiger    Fahrzeuge    durch     Bahnkriimmungen.*       Heumann. 

(102)      July  15. 

*  Illustrated. 
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Die    SteuoruiiK    dor    ploktrischen    Giiterzugloiiomotiven    E    G    506    der    preussischen 

I<:isenbaliuverwaltung.*      Rudolf   Richter.      (41)      July   31. 
Verleihung  von    Wegerechten   und   Elektrisierung  von   Hauptbahnen   in   den   Vereinig- 

ten  Staaten  von  Nordamerilia  ;  Chicago,  Milwaukee  and  St.  Paul    (Puget  Sound) 

Eisenbahn.*      E.   E.  Wachsmann.      (41)      July  31. 
Das  Bahnsteigdach   in  Arad.*      B.   Enyedi.      (78)      Aug.   6. 
Die    elektrischen     Stellwerke    des    Hauptbahnhofes     Nurnberg.       Hellenthal.      (102) 

Serial  beginning  Aug.  15. 

Railroads,  Street. 

The    Ventilation    of    Subway    Tunnels    (Report    of    Comm.,    Am.    Ry.    Eng.    Assoc.).* 

(85)      Vol.   14. 
The  Location  of  Electric  Railway  Sub-Station.s.     G.  H.  McKelway.      (9)      Aug. 
Hamburg  Elevated   and   Subway   System.*      (17)      Aug.    2. 
Cleveland   Tests   on   the   Illumination  of   Cars.*      (17)      Aug.    2. 
Single-Deck    and    Double-Deck    Prepayment    Cars    for    Vienna.*      (17)      Aug.    2. 
Tunnel    Excavation   on   Section   1-A   of  the  Lexington   Avenue   Subway   in   New   York, 

Driving    Single-Track    Tubes    with    Sectional    Roof    Shields    and    Pilot    Girder.* 

(14)      Aug.    9. 
Car  Washing  versus  Paint  Preservation.*     Morgan  G.  Smith.      (17)      Aug.  9. 
New  Cars  of  the  Chicago  Railways.*      (17)      Aug.  9. 
Rapid   Transit    Report   on    Philadelphia.*      (Abstract  of   report   of   A.   Merritt   Taylor 

to  the  Dept.  of  Public  Works.)      (17)      Aug.   9. 
California   Type    Cars    for    San    Francisco.*      (17)      Aug.    9. 
Track  Rehabilitation  on  the  International   Street  Railway.*      (17)      Aug.   16. 
Sanitary   Features  of   New   Subway   Stations.*      H.   M.   Oman.      (101)      Aug.    22. 
Excavating    Lexington    Avenue    Subway,    Unstable    Soil    on    Section    2-A    Necessitated 

Heavy     Timbering,     Special     Drainage     Equipment,     Underpinning     and     Sewer 

Relocation.*       (14)      Aug.     23. 
New   Headquarters   Carhouse  of   the   Union   Street   Railway.*      (17)      Aug.    23. 
The   Interborough    Rapid   Transit   Company's   30  000-Kw.    Steam   Turbine   Generating 

Units.*       (13)      Aug.    28. 
Unit    Subway    Construction    in    Kansas    City,    Casting    the    Separate    Members    at    a 

Specially    Built    Slab    Plant.*      (14)      Aug.    30. 
Timbering    and    Draining    Covered    Subway    Trench    in    Quicksand.      (14)      Aug.    30. 
Die    .Mechanik    der   Zugbewegung    bei    Stadtbahnen.      Obergethmann.       (102)       Serial 

beginning    Aug.    1. 
Erweiterungslinie    der    Berliner    Hoch-     und    Untergrundbahn     Spittelmarkt-Alexan- 

derplatz-Schonhauser   AUee.*       (41)      Aug.    7. 

Sanitation. 

Experiments  on   Stoneware   Pipes   and   Pipe-Sewers.*      Eldward   Percy   Currall.      (63) 

Vol.   192. 
The    Skilled    Supervision    of    Sewage    Purification    Works.      F.    Herbert    Snow.      (98) 

July. 
Sewage    Disposal   of   the   Future.      W.    H.    Makepeace.    (From    paper   read   hefore   the 

Assoc,    of    Managers   of    Sewage    Disposal    Works.)       (104)      July    25. 
The    Theory    of    Loads    on    Pipes    in    Ditches.*       A.    Marston    and    A.    O.    Anderson. 

(From   Bulletin,   Univ.   of   Illinois.)       (86)      July   30. 
Sewage   Disposal    at   New    Bedford,    Ma.ss.*      Walter    N.    Charles.      (13)      July    31. 
Concreting     a     Tunnel     by     Compressed     Air     (Sewer).*        A.     C.     Everham.      (13) 

July  31. 
The    Intercepting    Sewer    System    of    Syracuse,     N.     Y.*       Glenn     D.     Holmes.      (1) 

Aug. 
The    Fitchburg,     Mass.,     Intercepting    Sewer.*       David    A.     Hartwell.       (Paper    read 

before    the    Boston    Soc.    of    Civ.    Engrs.)       (1)      Aug. 
Concrete    Pipe    Test    (Sewer).*      W.    R.    Harris.      (60)      Aug. 
Construction    Methods    Employed    on    the    Albany    Ave.    Sewer    System    in    Chicago. 

(86)      Aug.    6. 
Completion    of    the    Comprehensive    Sewerage    System     of    Louisville,     Ky.*      (86) 

Aug.    6. 
Notes   on    Tunnelling    for    Sewers.*      J.    M.    M.    Greig.      (96)      Aug.    7. 
Hydraulic    Comparison    of    Equivalent    Egg-Shaped    and    Circular    Sewers.*       Robert 

S.    Beard    and   O.    L.    Eltinge.      (13)      Aug.    7. 
New  York  City's  New  Garbage  Disposal  Contract.      (13)      Aug.   7. 
New   Sewage  Works   at  Surbiton.*      (11)      Aug.    8. 
Land  Drainage  in  Louisiana.*      A.   M.   Shaw.      (13)      Aug.    14. 
The   New   York   Law   Governing  Work  Under   Compressed   Air.      (13)      Aug.    14. 
Methods   of   Testing   House    Drainage   Systems.*      H.    F.    Shade.       (Paper    read   before 

the  Am.  Soc.  of  Inspectors  of  Plumbing  and  San.   Engrs.)       (101)      Aug.   15. 
Loss   of    Pressure    Due   to    Elbows    in    Air    Ducts,*      Frank    L.    Busey.       (Paper    read 

before  the  Am.   Soc.   of   Heating  and  Ventilating  Engrs.)       (101)      Aug.    15. 
Islais  Creek  Incinerator  at  San   Francisco.*      (14)      Aug.   16. 

•Illustrated. 
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Measuring  the  Sewage  of  Sacramento.*      (14)      Aug.   16. 

The  Design  ot  the  New  Sewage  Treatment  Plant  for  Madison,  Wis.*      (86)      Aug.  20. 

Tests  of  Actual   I^ads  on   Pipes  in   Ditches*      (Abstract  from  Bulletin,  Eng.   Exper. 

Station,   Iowa  State  College.)      (86)      Aug.   20. 
Operation  of  Columbus   Garbage   Reduction  Plant.*      (14)      Aug.    23. 
Selling  Garbage  for  Reduction   at  Los  Angeles.      E.   Allen  Phillips.      (13)      Aug.   28. 
Abkiihlung  von   Gebauden.      G.   de  Grahl.      (7)      Festnummer,   Kongress  f(ir  Heizung 

und    Liiftung.      .Tune    26. 
Ueber  Alexander  Wilinsky  vergleichende  Versuche  zwlschen  Einrohr-  und  Zweirohr- 

Wasserheizsystemen,*       O.    Krell.       (7)       Festnummer,    Kongress    fiir    Heizung 

und    Ltiftung.      June    26. 
Einiges   iiber   Wasserhrizung.*    O.   Krell.       (7)      Festnummer,    Kongress   fiir   Heizung 

und    Liiftung.      June    26. 
Die    neuen    Heizungswerkstatten    der    Firma    Gebriider     Sulzer.      (7)      Festnummer, 

Kongress  fiir  Heizung  und  Liiftung.     June  26. 
Das    Untersuchungsamt   der   Stadt    Berlin   fiir   hygienische   und   gewerbliche   Zwecke. 

(7)      July  12. 
Ursache    und    Verhiitung    der    Zerstorungen    von    Betonrohrkanalen.*       Endrls.      (7) 

July   12. 
Kritische    Betrachtungen   iiber    den    Stand    der    Heizungs-    und    Liiftungstechnik.      H. 

Rietschel.      (Paper   read   before  the  Kongress  fiir   Heizung   und   Liiftung.)       (7) 

July  19. 
Die  Montierungskosten  von   Heizungsanlagen.      C.   A.    Gullino.      (7)      July   19. 
Die  Widerstande  in  Warmwasserheizungen.*      Karl   Brabb§e.      (7)      July  26. 
Ueber    die    Verwendung    des    Ozons    bei    der    Ltiftung    in    hygienischer    Beziehung. 

Czaplewski.      (7)      Aug.    2. 
Die  Klarbrunnensysteme  unserer  stadtischen  Abwasser.*      P.   Rohland.     (39)     Aug.  5. 
Das    stadtische    Abwasser-Reinigungswesen.*      Ulrich    Eberhard.       (51)      Aug.    9. 

Structural. 

Further    Experiments    on    the    Gripping    Force   of    Concrete   on    Steel    in    Reinforced- 

Concrete  Columns.*      William   Charles   Popplewell,   Assoc.   M.    Inst.   C.   E.      (63) 

Vol.    192. 
The    Tenacity,    Deformation,    and    Fracture    of    Soft    Steel    at    High    Temperatures.* 

Walter  Rosenhaim  and  J.  C.  W.  Humfrey.      (71)      Vol.  87. 
Studies   in   the   Cold    Flow   of   Steel.*      Percy   Longmuir.      (71)      Vol.    87. 
The   Influence   of   Silicon   on   the   Corrosion   of   Cast-Iron.      J.    Newton   Friend   and   C. 

W.   Marshall.      (71)      Vol.   87. 
The    Corrodibility   of    Nickel,    Chromium,    and    Nickel-Chromium    Steels.      J.    Newton 

Friend,  Walter  West  and  J.   Lloyd  Bentley.      (71)      Vol.   87. 
A  Study  of  the  Constitution  of  Carbon-Molybdenum  Steels,  with  an  Appendix  on  the 

Mechanical     Properties     of     some     Low     Molybdenum     Alloy     Steels.*       Thomas 

Swinden.      (71a)      Vol.    5. 
Influence   of   Intercrystalline   Cohesion   upon    the   Mechanical   Properties   of   Metals.* 

J.  C.  W.  Humfrey.      (71a)      Vol.  5. 
The  Preservation  of  Iron.     J.  Newton  Friend.      (71o)      Vol.  5. 
Relative  Advantages  of  the  Different  Kinds  of  Fence  Posts    (Report  of  Comm.,   Am. 

Ry.   Ehig.  Assoc.).*      (85)      Vol.   14. 
Report  of  Committee   (Am.  Ry.  Eng.  Assoc.)   on   Wood  Preservation.      (85)      Vol.   14. 
Continue   the   Investigation    of   Ways    and    Means   for    Securing   a    Proper    Quality    of 

Fence  Wire  to  Resi.st  Corrosion  and  Secure  Durability.      (Report  of  Comm.,  Am. 

Ry.   Eng.  Assoc.)       (85)      Vol.   14. 
Disintegration  of  Concrete  and   Corrosion  of  Reinforcing  Metal.      (Report  of  Comm., 

Am.    Ry.   Eng.   Assoc.)      (85)      Vol.   14. 
Report  on   Roofing    (Am.   Ry.    Eng.   Assoc.).*      (85)      Vol.   14. 
Freight  House  Floors    (Report  to  Am.    Ry.   Eng.    Assoc.).*      (85)      Vol.    14. 
Columns.*     O.    H.    Basquin.      (4)      June. 
The    Unwritten   Law.     Man  ton    E.   Hibbs.      (2)      July. 
Composition   Flooring.*      H.   M.    Hooker.      (58)      July. 
The   Application    of   Reinforced    Concrete.     G.    B.    R.    Pimm.      (Paper    read   before   the 

Royal    Sanitary    Inst.    Congress.)       (104)      Serial    beginning   July    25. 
The    Minimum    Height  of    a    Profitable   Office    Building.*     C.    T.    Coley.     (Paper   read 

before  the  National  Assoc,  of  Building  Owners  and  Managers.)       (86)      July  30. 
Cost    of    Excavating    for    a    Building    Foundation     Using    a    Steam    Shovel.      (86) 

July   30. 
The    Influence   of    Copper   in    Retarding   the    Corrosion    of   Steel   Plate.     D.    M.    Buck. 

(Abstract  of   paper   read   before   the  Am.   Chem.    Soc.)       (13)      July   31. 
Stucco    Houses.*      (67)      Aug. 

Preliminary    Scrubbers    for    Washing   Sand    and    Gravel.*      (67)      .'Vug. 
Safe   P^actory  Construction.*      (76)      Aug.    1. 

Helical   Spring  Calculations.*     Lawford  H.   Fry.      (11)      Serial  beginning  Aug.   1. 
New  Cement  Plant  in   Vancouver.*      (14)      Aug.    2. 

•Illustrated. 
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Structural— (Continued). 

Tests  of    Reinforced-Concrete   Wall   and   Column    Footings,     A.    N.    Talbot.     (Abstract 

of  Hiillctin.  Eng.  Exper.  Station,  Univ    of  111.)       (14)      Aug.  2;      (86)      July  30. 
Have  Stirrups   in   a   Reinforced   Concrete   Beam   any   Definite  Value?*      Edward   God- 
frey.     (86)      Aug.  6. 
Design  of  the  Steelwork  and  Methods  and  Cost  of  its  Erection  for  an  Armory  having 

Long-Span    Three-Hinged   Arches.*      (86)      Aug.    6. 
Results  of  some  German   Tests  of  Concrete  Columns   Reinforced   with   Cast-iron  and 

Spiral    Reinforcement.*     F.    von    Emperger.     (Abstract   from   Concrete   and   Con- 
structional   Enriineerinc].)       (86)      Aug.    6. 
Underpinning   the   Old   Mills   Building,    Broad   and   Nassau   Streets,    New   York   City.* 

(13)      Aug.   7. 
Damage  to  Bulk  Cement  and  Sacked  Cement  by  Wetting  in  Transit.    .1.  H.  Libberton. 

(13)      Aug.  7. 
Hoisting  Heavy  Girders  250  Ft.   Above  the  Street*      (13)      Aug.   7. 
The  Guaranty  Trust  (Company's  New  Building,  New  York  City.*      Eugene  W.   Stern. 

(13)      Aug.   7. 
Bank  Vault  of  the  Guaranty  Trust  Company  of  New  York  City.*      (13)      Aug.   7. 
Colouring  Iron   and   Steel   Products.      E.   F.  Lake.        (47)      Aug.   8. 
Long-Span    Rolling-Mill    Roof   Truss.*      (14)      Aug.   9. 
A  Bonus  System  for  the  Purchase  of  Portland  Cement.      (13)      Aug.   14. 
Tests  of  a  Fire-Resi.sting  Paint.*      (15)      Aug.  15. 
Collapse  of   a   Reinforced-Concrete   Frame    in   a   Building,    Vancouver,    B.    C*     A.    P. 

Hueckel.      (13)      Aug.    14. 
Enamel   Brick.*     George  E.  Walsh.      (76)      Aug.   15. 
Hollow   Block   Stands   Test.*       (76)      Aug.    15. 
Tests   of  a  Fire   Resisting   Paint.*      (15)      Aug.    15. 
Load-Extension  Diagrams  Taken  with  the  Optical  Local-Extension  Indicator.*    W.  E. 

Daiby.     (Paper   read   before  the    Royal   Soc.)       (47)      Aug.    15. 
Underpinning   and    Retaining   Grillage   Foundations.*      (14)      Aug.    16. 
Creo.soted   Wood    Blocks   for   Factory   and   Warehouse   Floors.      F.    A.    Weaver.      (14) 

Aug.   16. 
Methods   and   Costs  of  Insulating  Concrete  Roofs  Against  Condensation.*     Albert  M. 

Wolf.      (86)      Aug.   20. 
A  Fire,  Load  and  Water  Test  upon  Cinder-Concrete,  Terra-Cotta  and  Gypsum  Floor 

Arches.*      Harold    Perrine.      (13)    Aug.    21;    (46)    Aug.    9. 
Protecting  Street  TraflBc  from  Falling  Objects  during  Building  Construction.*      (13) 

Aug.   21. 
A  Cut  Surface-Finish  for  Concrete.*      (13)      Aug.  21. 
The   New    Building   for   the    Bureau   of   Ehigravlng   and   Printing.*     Fred   W.    Lepper. 

(13)      Aug.   21. 
New   Tensile  Test   Piece  and   Holder.*    K.   W.   Zimmerschied.      (20)      Aug.    21. 
Reverse  Bending  Moments  in  Fixed  Beams.*    Ewart  S.  Andrews.      (12)      Aug.  22. 
Electrolytic    Method    of    Preventing    Corrosion.     .T.    K.    Clement    and    L.    V.    Walker. 

(Abstract  of  report  to  the   Bureau  of  Mines.)       (14)      Aug.   23. 
Methods   Used   for  Underpinning  Adjacent  Buildings   and   for   Constructing  the  Pneu- 
matic  Caisson    Foundation   of   the   50    Broad    Street   Building,    New   York   City.* 

F.    E.    Cudworth.      (86)      Aug.    27. 
Dome  of  the  Wisconsin  Capitol.*      (13)     Aug.  28. 
Machinery  Hall,   Panama-Pacific   Exposition.*      (14)      Aug.   30. 
Self-Supporting  Concrete  Towers  and  Novel  Chute  Supports.*      (14)      Aug.   30. 
Reinforcing    a    Vibrating    Floor.*      (14)      Aug.    30. 

Excavation   and   Substructure  Plant  for  the   Equitable  Building.*      (14)      Aug.   30. 
Elasticim^tre  Enregistreur  et  son  Application  a  I'Btude  de  la  Valeur  Industrielle  des 

Caoutchoucs.*     C.   Ch6neveau   et   F.    Heim.      (92)      July. 
Influence    du    Percage    sur    la     Resistance    des     Acters     Doux.*      C.     Birault.      (33) 

Julv   19. 
Fonte  et   Fonte  Malleable.*    W.   H.   Hatfield.      (93)      Aug. 

Note  sur  le  Damage  Pneumatique  du   B6ton.*    M.   R.  T.  Serrure.      (30)      Aug. 
Sur  la  Durete  des  Alliages  Aluminium-Argent.*     G.  Le  Grlx  et  W.  Bronlewski.      (93) 

Aug. 
Die   Jahrhunderthalle   in    Breslau.*     Trauer.      (51)      Sup.    No.    14. 
Unrichtigkeiten   iiber  den   Bisenbeton   in  physikalisch-chemischer  und  kollold-chemls- 

cher    Hinsicht.*     P.    Rohland.      (48)      June   28. 
Die    Kittlose    Verglasung   nach    dem    System    Heln,    Lehmann   &   Co.*     Franz    Czech. 

(69)      July. 
Der  Zweigelenkrahmen  mit  Zwei  Pendelstiltzen  und  Glelchen  Feldweiten.*    G.  Kauf- 

mann.      (69)      July. 
Das  stiidtische  Krankenhaus  von   Berlin-Neukolln.    Ph.  Nltze.      (40)      July   12. 
Gefilge  des   Flusseisens.*     F.    Martens.      (102)      July   15. 
Beitrag    zur    I'ntersuchung    der    Knickfestigkeit    gegliederter    Stabe.      Chr.    Vlachos. 

(40)      July  16. 
Ueber   einige    Einwirkungen   der   Atmosphare   auf    Bauten.*      Vincenz   Pollack.      (53) 

July   18. 

'Illustrated. 
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Structural— (Continued). 

Fabriknoubau    dor    Konz.    Elektrizitatsgesellschaft    ratt    einhliftlgen    Rahmenblndern.* 

Dewitz.      (78)      July    19. 
Frilhbeetkasten    aus    Beton.*      O.    Hollmann.      (80)      July   19. 
Die    neuen    Lehrerbildungsanstalten    in    Heilbronn    und    Rottweil.*      v.    Beger.      (40) 

Serial  beginning  July  19. 
Die    Berechnung    Doppelsymmetrischer    Pfostentrager.*     F.    Wansleben.      (69)      Aug. 
Die   neuesten   Versuche   des   o.^terreichischen    Eis(>nbetonausschusses   und    ihre   Ergeb- 

nisse.*     Fritz   v.    Emperger.      (53)      Serial    beginning   Aug.    1. 
Zahlentateln  fiir  Eisenbeton   ihre  Anwendung  fiir  1  200  kg/qcm  Eisenbeanspruchung. 

Weese.      (80)      Aug.    5. 
Ueber    die    !5tatische    Berechnung    von    Elsenbetontundamentplatten.     H.    Hovermann. 

(78)      Aug.  6. 
Die   Ran.some-Einheits-Bauwelse.*     Anton    Fitzinger.      (78)      Aug.    6. 
Die   Berechnung  der   Bogendecken.*      O.   Domke.      (78)      Aug.   6. 
Das    neue   Heizwerk   der   vorm.    Gandenbergerschen    Maschlnenfabrik    in    Darmstadt.* 

Steinberger.      (78)      Aug.    6. 
Ueber  fugenlose  Boden.*    H.  Werner.      (51)      Aug.   6. 
Die    Internationale    Baufachausstellung    Leipzig    1913.*      (53)      Aug.    15. 

Topographical. 

Method   of  Making  and   Recording  Soundings   in  Topographical   Survey  of   Spirit  and 

Okaboji    Lakes   in    Iowa.*      (From   Bulletin   No.   32,   Iowa  Eng.    Exper.   Station.) 

(86)      July  30. 
Hydrographic     Surveying;     Oakland     Harbor     Development,     California.*      Fred     W. 

Johnson.       (13)      Aug.     21. 
Ueber   den   Gang   der   Okularrohre   bel   Nivellierinstrumenten.*     A.    Buchholtz.      (52) 

June  30. 

Water  Supply. 

Deep   Well    Pumps    (Report  of   Comm.,   Am.    Ry.    Eng.    Assoc.).*      (85)      Vol.    14. 

.\n    E.xperience    with    Water    Ram.     Charles    W.    Sherman.      (28)      June. 

Water    Ram    in   Distribution   System,   Hartford,    Conn.*      Caleb   Mills   Saville.      (28) 

June. 
Decarbonation    as   a    Means   of   Removing   the    Corrosive  Properties   of   Public   Water 

Supplies.*    George  C.  Whipple.      (28)      June. 
Insulation    of   Joints    in    Pipe   Lines.*     William    R.    Conard.      (28)      June. 
Quantitative   Estimation   of   Ground   Waters   for   Public   Supplies.     Myron   L.    Fuller. 

(28)      June. 
Leptomitus   in   Drinking  Water.      Robert  C.   Sweetser.      (28)      June. 
Wise    Utilization    of   Water    Resources   of   Pennsylvania.*     Morris    Knowles,    M.    Am. 

Soc.   C.   E.     (2)      July. 
Water  Consumption  and  Rates  in  all  Canadian  Cities  of  2  000  Population  and  Over. 

(86)      July  30. 
Notes   on    British    Practice   in    Cleaning   Water   Mains.      (86)      July    30. 
Arguments  for   and   Against   Charges   for   Private   Fire  Protection   by  Water   Depart- 
ments, with  Special  Reference  to  Conditions  at  Milwaukee,  Wis.      (86)      July  30. 
Experiments  on  Uplift  Pressure  in  Masonry  Dams.*    C.  R.  Weidner.      (13)      July  31. 
Venturi  Meter  Coefficients.     Allen  Hazen.      (13)      July  31. 
Advantages  of  Meterage   System.*     A.    J.   O'Keefe.      (60)      Aug. 

Centrifugal    Pumps,    Their    Proper    Selection    and    Use.*     H.    De   Huff.      (105)      Aug. 
Municipal    Light    and    Water    Plant    at    Fremont,    Neb.*      H.    J.    Bremers,    Jr.      (60) 

Aug. 
Water   Purification    by   Ozone.      Russell    Spalding.      (9)      Aug. 
Tacoma's  Nisqually   River  Development.*     R.   H.    Richards.      (27)      Aug.   2. 
Rolling  Dam  of  the   Boise  Project.*     Charles   H.   Paul.      (14)      Aug.   2. 
Sterilizing   Water    with    Ultra-Violet    Rays,    Description   of    New    "Pistol"    Light   and 

its    Applications    in    Large   and   Small    Scale   Plants.*      M.    von    Recklinghausen. 

(14)    Aug.    2  :    (13)    Aug.   21. 
Construction   Camp   at  Arrowrock  Dam.*     Alfred  B.   Mayhew.      (14)      Aug.   2. 
Tests  of   Pipe   Joints,*     A.   J.  Cleary.      (14)      Aug.    2. 
Thermophones   for  Temperature  Measurement  in   Dam.      (14)      Aug.   2. 
Concrete   Wafer  Tanks   for   Industrial   Plant.*      (14)      Aug.    2. 
White  River  Hydroelectric  Plant.*      (14)      Aug.   2. 
Power   from   the    Mississippi    River.*      (64)      Aug.    5. 
Method   and   Cost  of  Lining  with  Lead  a   Bridge   Crossing  of  the  Sudbury   Aqueduct 

near    Boston.*       (86)      Aug.    6. 
The  Effect  of  Mic-ro-Organisms  on  the  Operation  of  the  Mechanical   Filters  at  Louis- 
ville. Ky.     Frederick  H.  Stover.      (Abstract  of  paper  read  before  the  Am.  Water 

Works  Assoc.)       (86)      Aug.   6. 
Snow   Survey  of   Watershed,   Meterage   and   Use  of   Auto   Vehicles   at  Salt  Lake   City 

Water  Works.      (86)      Aug.  6. 
Notes  on   Water  Works   Construction   and   Operation   in   Chicago  during   1912.    (86) 

Aug.  6. 

•Illustrated. 
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\\'ater  Supply     i  Continued  i. 

The   EITect    of    Proposed    Storage    Reservoirs   on    Stream   Flow    and   Water   Power   on 

the  Lower  Chippewa  River,  Wisconsin.*     Clinton  B.   Stewart.      (13)      Aug.   7. 
Standard   Specifications   for  Water- Works   Hydrants   and   Valves.      (13)      Aug.    7. 
The  Ottawa  River  Storage  Systems.*      .T.   A.    Macdonald.      (96)      Aug.    7. 
The   Use   of   Alum    in    Connection   with    Slow   Sand    Filtration   at  Washington,   D.   C* 

William    Firth   Wells.      (Abstract  of   paper   read   before   the   Am.   Water   Works 

Assoc.)       (13)      Aug.   7. 
A   Neglected   Source   of   Power   in   Nature.      Ben.   J.    Campbell.      (13)      Aug.    7. 
The   Murrumhidgce   Irrigation    Scheme   in   New   South   Wales.      (29)      Aug.    8. 
Method    for   Ilcsigning   Concrete   Draft   Tubes.*      (14)      Aug.   9. 
Light-Iron    Irrigation    Flume.*      (14)      Aug.    9. 
Con.«truction    of    the   Spaulding    Dam.*      (14)      Aug.    9. 
Permit    for   Development    of    Power   on    Pend   d'Oreille    River.      (14)      Aug.    9;    (27) 

Aug.  16. 
Reinforced     Concrete     Flume     Construction     Using     Separately     Molded     Slabs     and 

Separately    Molded    Slabs    Combined    with    Slabs    Molded    in    Place.*      Smith    L. 

Stovall.      (Abstract    from    Western    Engineering.)      (86)      Aug.    13. 
Contractor's   Plant  and   Construction   Methods   Employed  in   Building  the  New  Water 

Supply   and   Storage  Works  at  La  Crosse,   Wis.*      (86)      Aug.    13. 
River    Crossings    for    Water    Mains    at    Fort    William.*       (96)      Aug.    14. 
Municipal    Water    Softening.      Geo.    A.    Johnson.      (96)      Aug.    14. 
Operation  of  the  Mohawk  River  Bridge  Dams.*      D.  A.  Watt.      (13)      Aug.  14. 
The   Occurrence   of   the   Fresh    Water   Alga    (Pra^ola   Crispa)    on    Contact   Beds   and 

its   Resemblance  of   the   Green   Seaweed    {Ulva   Latissinia).      E.    A.    Letts.      (Ab- 
stract  of    paper    read   before   the    Royal    Sanitary    Inst.)       (104)      Aug.    15. 
Rapid   Pump  and  Pipe-Line  Installation   at  San  Diego.      (14)      Aug.    16. 
Flow  over  Model  of  Sunol  Dam.*     Joseph  N.  Le  Conte.      (14)      Aug.  16. 
A  Triple-Plunger  Artesian  Well   Pump.*     W.   M.   Fleming.      (62)      Aug.   18. 
Auxiliary    Deep-Well    Water-Supply   with    Electric   Pumps.*      (13)      Aug.    21. 
The  Cost  of  Reclamation  Service  and  other  Irrigation  Projects  in  Colorado.     John  B. 

Field.      (13)      Aug.   21. 
The  Turbines  of  the  Mississippi   River  Power  Co.   at  Keokuk,   la.*      (13)      Aug.   21. 
The  Turbine  Runners  of  the  Mississippi   River  Power  Co.   at  Keokuk,   Iowa.*     H.   B. 

McDermid.      (13)      Aug.    21. 
The    Application    of    Ultra- Violet    Rays    for    Purifying   Large    Quantities    of    Water.* 

Max   von    Recklinghausen.      (13)      Aug.   21. 
Irrigation    of   Santa    Cruz    Valley.*       M.    C.    Hinderlider,    M.    Am.    See.    C.    E.      (14) 

Serial  beginning  Aug.   23. 
The  San   Francisquito  Power  Station  No.  1.*      (14)      Aug.   23. 
Tidal  Waters  as  a  Source  of  Power.*      C.   A.   Battiscombe.      (From  Journal,  Soc.  of 

Engrs.)       (19)      Aug.    23. 
The   Economics  of   Pipe  Line  Diameters.*      C.   W.   Harris.      (Abstract  of   paper  read 

before  the   Pacific   Northwest   Soc.   of   Engrs.)       (86)      Aug.    27. 
Data  on  the  Cost  of  Pumping  in  Water  Works  Steam  Pumping  Stations.*      Kenneth 

F.    Lees.      (Paper    read    before    the    Conn.    Soc.    Civ.    Engrs.)       (86)      Aug.    27. 
The    Tor    Hill    Reservoir,    Regina.*      R.    0.    Wynne-Roberts,    M.    Inst.    C.    E.      (96) 

Aug.   28. 
Bringing    an    Old    Water-Works    Valuation    up    to    Date.    William    E.    Butt.      (13) 

Aug.   28. 
Efficiency    of    Coagulating    Basins    at    St.    Louis,    Mo.*       W.    F.    Monfort.       (Abstract 

of  paper  read   before  the  111.   Water  Supply  Assoc.)       (13)      Aug.   28. 
Formulre  for  Weights  of  Cast  Tees  and  Crosses   (for  San  Francisco  Auxiliary  Water 

Supply).*      (14)      Aug.    30. 
Barrages   &   Chute   Fractionn§e,   Systfeme  Rutenberg.      (Tr.   from  II   Cetnento.)       (84) 

Serial  beginning  July. 
Usine    Hydro-Electrique,   de   300  000   Chevaux,   de   Keokuk   sur   le   Mississippi    (Iowa, 

Etats-Unis).*      P.   Calfas.      (33)      July   26. 
Alimentation    en    Eau    Potable    des    Hants    Quartiers    de    la    Ville    de    Bourg    (Ain).* 

Marcel  Eisner.      (33)      Aug.  9. 
La  Commande   Electrique   des  Grandes  Vannes.*      H.   Gil.      (.33)      Aug.    16. 
Die  neue  Pumpmaschinenanlage  der  Stadt  Pforzheim.*      Hans  Falk.      (48)      June  21. 
Vornahme  von  Versickerungsversuchen   zur  kiinstlichen   Erzeugung  von  Grundwasser 

auf    dem    Wasserwerk    Miiggelsee.      (7)      July    12. 
Die  Mohnetalsperre. *      Link.      (40)      Serial   beginning  July  19. 
Verschluss    bei    den    Grundablassen    der    Waldeiker    Talsperre.*        Sympher.        (40) 

Aug.   6. 
Die    Mohnetalsperre    und    die    Entwicklung    des    Talsperrenwesens    im    Ruhrgebiet.* 

(51)      Serial    beginning    Aug.    20. 

Waterways. 

Failure    of    Coffer    at    Lock    and    Dam    No.    48,    Ohio    River.*       J.    C.    Oakes.      (13) 
July   31;    (14)    Aug.   2;    (100)    Sept. 

*Illustrated. 
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Waterways— (Continued). 

A  Dipper  Dredge  with  Hydraulic  Jets  for  Leveling  the  Spoil  Banks.*  Chester  B. 
Loomis.      (13)      July   31. 

The   Port  of  Hamburg.*      I.   F.   Bubendey.      (13)      July   31. 

The  Barge  Canal  Crossing  of  Oak  Orchard  Creek,  Medina,  N.  Y.*  Noble  E.  Whit- 
ford.      (13)      July   31. 

Laying  Sand  Bags  and  Anchoring  Track  (Bank  Protection).*  E.  G.  Lang. 
(87)      Aug. 

How  to   Increase  Marine  Terminal  Capacity.     H.  McL.   Harding.      (95)      Aug. 

The  Chain   Fenders   for  the  Panama   Canal.*      (20)      Aug.   7. 

Surveys   and   Estimates   for   Proposed   Black   River   Canal.*      (14)      Aug.    9. 

Reconstruction  of  a  Timber  Crib  Dock  at  Erie,   Pennsylvania.      (14)      Aug.   9. 

The  Use  of  a  Plank  or  Lumber  Apron  Mat  for  Shore  Protections  on  the  Upper 
Mississippi    River.*      Charles    W.    Durham.      (86)      Aug.    13. 

Records  and  Cost  of  Work  of  Dipper  Dredges  Operated  by  the  United  States  Engi- 
neers  in   River   and   Harbor   Improvements,    1911-12.      (86)      Aug.    13. 

Timber  Buffers  for  Protecting  Vessels  Entering  the  Panama  Canal  Locks.*  (Ab- 
stract from  Canal  Record.)       (13)      Aug.    14. 

The  Control  of  River  Floods.  C.  McD.  Townsend,  M.  Am.  Soc.  C.  E.  (Paper 
read   before  the   Drainage   Comm.    at  St.   Louis.)       (96)      Aug.    14. 

Prize    Design    for    Coney    Island    Beach    Reclamation.*       (13)      Aug.    14. 

The  New  Welland   Ship  Canal.*      (96)      Aug.   21. 

A    Large   Reinforced-Concrete    Culvert,    Newcastle,    Eng.*      (13)      Aug.    21. 

Taking  the  Temperature  of  the  Sea.*      (12)      Aug.  22. 

Report  on  Weir  in  the  Niagara  River.*      (14)      Aug.   23. 

Electric   Service   in   Connection   with   the  (iape   Cod   Canal.*      (27)      Aug.    23. 

Harbor  Development  in  Seattle,  General  Outline  of  Six  Projects  being  Undertaken 
by   the   Port   Commission.*      William   L.    Kidston.      (14)      Aug.    23. 

Equipment  and  Performance  of  the  British  Columbia  Dredging  Fleet,  Operating 
Costs  for  Five  Different  Types  of  Dredges  and  Auxiliary  Plant,  with  a  Dis- 
cussion of  Causes  of   Delay.*      (14)      Aug.   23. 

Making  Panama   Lock   Gates   Watertight.*      (From   Canal  Record.)      (62)      Aug.    25. 

Seepage   Losses   from  Earth   Canals.*      E.   A.   Moritz.      (13)      Aug.    28. 

The  Truth  about  the  Culebra  Cut  Slides,  Panama  Canal.*  A.  S.  Zinn.  (13) 
Aug.   28. 

Sliding  Ground   in  Culebra   Cut.      Donald  F.   MacDonald.      (13)      Aug.   28. 

Chicago   Harbor   and   Subway    Plans.      (13)      Aug.   28. 

An    Electric   Hydraulic   Dredge.*      (13)      Aug.    28. 

Pneumatic   Caissons  for   Scotia  Dam.*      (14)      Aug.   30. 

Rebuilding  Jetties  at  Humboldt  Bay,  California.*  Morton  L.  Tower,  M.  Am.  Soc. 
C.    E.      (100)      Sept. 

Rock   Drilling  Tuscumbia  Bar,   Tennessee  River.*      J.   E.   Hall.      (100)      Sept. 
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It  is  probable  that  in  the  near  future  practically  every  farmer  in 
the  West  will  be  required  to  place  a  weir  at  the  head  of  his  farm  for 
the  purpose  of  measuring?  the  irrigating  water  he  uses. 

Wherever  water  is  used  for  ajiy  purpose,  its  measurement,  in  a 
more  or  less  accurate  way,  is  important;  but  in  the  middle  and  western 
parts  of  the  United  States,  and  wherever  else  practically  all  agricul- 
tural interests  depend  on  water  for  purposes  of  irrigation,  this  problem 
is  of  the  utmost  importance.  Water  has  already  become  so  valuable 
in  these  sections  that  laws  have  been  enacted  requiring  that  weirs  be 
placed  in  every  important  stream. 

If  only  the  matters  herein  discussed  are  considered,  the  title  given 
to   tliis  paper  is   a  broader  one   than   it  deserves;   but  the  method   of 
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handling  the  weir  data  is  such  that,  in  the  writer's  opinion,  it  may 
wisely  be  applied  to  every  phase  of  the  weir  problem. 

In  the  West  the  measurement  of  water  should  be  made  in  the  most 
accurate  manner  practicable.  From  the  point  of  view  of  the  engineer 
and  the  investigator,  the  method  of  calculating  the  discharge  over  a 
weir  should  be  the  simplest  that  can  be  found;  in  other  words,  it  should 
give  the  most  accurate  results  with  the  smallest  amount  of  work. 

It  is  the  purpose  of  this  paper  to  present  a  more  accurate  method 
of  measuring  water  than  those  generally  used,  and  to  give  formulas 
and  diagrams  for  determining  the  discharge  over  the  weirs  recom- 
mended. These,  the  writer  believes,  ai*e  simpler  and  easier  of  applica- 
tion than  any  weir  fonnulas  heretofore  devised. 

Soon  after  the  publication  of  the  handy  and  thoroughly  practical 
"Diagrams  of  Mean  Velocity  of  Uniform  Motion  of  Water  in  Open 
Channels,"*  by  Professor  I.  P.  Church,  Assoc.  Am.  Soc.  C.  E.,  of 
Cornell  University,  the  writer  conceived  the  idea  of  preparing  a  similar 
set  of  diagrams  for  determining  the  quantity  of  water  flowing  over 
weirs  under  various  conditions.  The  results  of  his  efforts  are  pre- 
sented as  a  part  of  this  paper. 

The  use  of  the  various  diagrams  will  be  explained  first;  afterward, 
the  data  on  which  they  are  based  will  be  set  forth,  and  then  the  meth- 
ods used  in  getting  the  results. 

I. — Flow  of  Water  Over  Weirs. 
A. — Advantages  in  Practice  of  Using  Wei7-s  Withoid  End  Contractions. 

First. — The  water  above  the  weir  without  end  contractions  has  a 
greater  velocity  for  the  same  quantity  of  flow  than  above  weirs  with 
end  contractions,  therefore  less  sediment  will  be  deposited  above  the 
former  than  above  the  latter.  This  fact  is  important,  as  the  accuracy 
of  the  measurements  obtained  depends  largely  on  having  the  cross- 
section  of  the  stream  above  the  weir  constant,  especially  if  the  height 
of  the  crest  of  the  weir  above  the  bottom  of  the  channel  of  approach 
is  comparatively  small. 

Secondly. — The  weir  without  end  contractions  will  necessarily  have 
to  be  placed  near  the  down-stream  end  of  a  channel  made  of  lumber 
or  some  material  which  will  retain  a  rectangular  form.  Although  this 
requires    a    comparatively    expensive    construction,    the    weir    and    the 
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bulkhcinl  holding  it  can  be  removed,  thus  making  it  easy  to  flush  and 
clean  the  channel.  In  fact,  if  a  very  high  degree  of  accuracy  is  not 
required,  the  bulkhead  and  metal  crest  need  be  put  in  place  only  when 
measurements  are  actually  being  taken. 

Thirdly. — As  the  quantity-  of  water  flowing  over  the  weir  is  almost 
exactly  proportional  to  its  length,  water  may  be  divided  accurately  at 
the  same  time  that  it  is  being  measured,  by  placing  one  or  more  verti- 
cal dividing  blades  below  the  weir  and  cutting  the  stream  into  the 
desired  number  of  parts  having  the  required  proportions.  Where  end 
contractions  are  used,  they  affect  the  quantity  of  discharge  per  unit 
of  length  of  weir  in  such  a  variable  and  uncertain  way  as  to  make  an 
accurate  division  of  the  water  as  it  falls  very  difficult,  if  not  actually 
impossible. 

Fourthly. — The  extensive  and  accurate  information  herein  given, 
and  used  as  a  basis  for  the  results  reached,  has  been  obtained  by  our 
greatest  hydraulicians.  We  may  have  to  wait  a  long  time  before  obtain- 
ing a  series  of  experiments  on  any  form  of  weir  which  will  equal  these 
in  thoroughness,  extent,  or  accuracy. 

Fifthly. — The  simplicity  of  the  correct  construction  of  this  weir  is 
a  great  advantage.  The  crest  is  its  only  sharp  edge.  It  is  easier  to 
make  the  sides  plane  and  vertical  than  to  construct  them  on  a  definite 
slope  with  sharp  edges,  as  is  necessary,  for  example,  in  the  Cippoletti 
weir,  xilmost  any  farmer,  with  simple  instructions,  can  construct  a 
weir  of  this  type  which  will  answer  well  for  measuring  the  water  he 
uses  on  his  land. 

Sixthly. — The  simplicity  of  the  method  of  finding  accurately  the 
<lischarge  over  the  weir,  by  using  the  diagram  herein  given,  is  perhaps 
not  the  least  of  the  advantages  the  weir  without  end  contractions  has 
over  others.  The  method  of  ascertaining  the  discharge  is  so  simple 
that  any  one  who  can  read  the  depth  of  the  water  on  the  crest  can  read 
the  discharge  from  the  diagram;  and  as  the  only  mathematical  opera- 
tion required  is  the  multiplication  of  the  figure  thus  obtained  by  the 
length  of  the  weir,  in  feet,  the  chance  of  making  an  error  is  reduced 
to  a  minimum. 

It  is  the  writer's  opinion  that  the  sharp-crested  weir  without  end 
contractions  can  certainly  be  used  to  best  advantage  in  all  irrigation 
projects,  great  and  small,  of  the  West,  where  mountain  streams  must 
soon  be  measured,  divided,  and  re-divided  many  times  before  the  water 
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is  finally  used  for  producing  crops.  It  will  be  well,  indeed,  if  some 
legislation  can  be  enacted  soon,  or  some  other  action  can  be  taken, 
which  will  make  this  weir  a  standard  for  measuring  water,  just  as 
the  House  of  Representatives  of  the  United  States  fixed  a  standard 
gauge  for  measuring  the  thickness  of  sheet  iron  and  steel. 

B. — Application  of  Results  to: 
1. — Sharp-Crested  Weirs  Without  End  Contractions. 

a. — For  Heads  WitJiin  the  Limits  of  the  Experi,ments  Performed. — 
Plate  LXXX. — The  curves  on  Plate  LXXX,  which  show  the  dis- 
charges over  sharp-crested  weirs  without  end  contractions,  are  based 
on  experiments  by  Bazin,  Fteley  and  Stearns,  Francis,  and  in  the 
Hydraulic  Laboratories  of  Cornell  University  and  the  University  of 
Utah.  As  this  diagram  is  constructed  from  the  results  of  all  these 
"classic"  experiments,  and  as  it  fits  the  experiments  with  a  high  degree 
of  accuracy,  the  writer  feels  that  its  results  can  be  relied  on  with 
greater  confidence  than  can  those  obtained  by  using  any  one  of  the 
more  or  less  complicated  weir  formulas  which  the  experimenters  them- 
selves have  devised,  using  only  their  o\vn  experiments  as  a  basis. 

Although,  by  use  of  the  analytic  expressions  or  formulas  given 
later,  quantities  of  discharge  can  be  computed  containing  a  greater 
number  of  significant  figures  than  can  be  read  from  this  diagram,  and 
fi'om  others  herein  presented,  these  easily  give  results  as  accurate  as 
warranted  by  the  experimental  data  on  which  they  are  based.  See 
Plate  LXXXI. 

On  Plate  LXXX  there  are  three  sets  of  lines,  each  marked  so  as 
to  be  easily  distinguished  from  the  others.  One  represents  the  head 
on  the  weir,  in  feet,  another  the  discharge  over  the  weir,  in  cubic  feet 
per  second  per  foot  of  length  of  weir,  and  the  third  the  height  of  the 
crest  of  the  weir  above  the  bottom  of  the  channel  of  approach. 

Example  1. — ^What  volume  of  water  per  second  will  flow  over  a 
sharp-crested  weir,  5  ft.  long,  without  end  contractions,  the  height  of 
the  crest  above  the  bottom  of  the  channel  of  approach  being  2  ft.,  and 
the  depth  of  water  on  the  crest  (the  height  of  the  surface  of  the  water 
above  the  crest)  being  1.20  ft.  ? 

The  line  representing  a  head  of  1.20  ft.  on  Plate  LXXX  intersects 
that  for  a  weir  of  height  2  ft.  above  the  floor  of  the  channel  of  approach 
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at  a  point  slightly  more  than  half  way  from  the  line  representing  a 
discharge  of  -l.CtO  cu.  ft.  per  sec.  to  that  representing  a  diseliarge  of 
4.80  cu.  ft.  per  sec.  The  discharge  per  foot  of  length  as  read  is  4.74 
cu.  ft.  per  sec.  per  ft.  of  length  of  weir,  or  23.70  cu.  ft.  per  sec.  over 
the  weir  5  ft.  long. 

Example  2. — What  depili  on  the  crest  of  a  weir  without  end  con- 
tractions will  a  flow  of  8  cu.  ft.  per  sec.  reach  if  the  weir  is  2  ft.  long 
and  the  height  of  the  crest  above  the  bottom  of  the  channel  of  approach 
is  1.5  ft.? 

The  discharge  per  foot  of  lengtli  of  weir  is  4  cu.  ft.  per  sec.  The 
line  on  Plate  LXXX  representing  this  discharge  intersects  that  repre- 
senting a  weir  of  height  1.5  ft.  between  the  lines  representing  the  heads, 
1.0.')  and  1.10  ft.,  at  a  point  w^hich  shows  that  the  head  on  the  weir 
is  l.Ot;  ft. 

From  a  blue  print  of  the  original  Plate  LXXX,  which  is  about 
50  in.  long  and  12  in.  w'idc,  all  the  discharges  were  taken  for  each  and 
every  run  made  by  the  original  experimenters,  and  the  difference,  as 
a  percentage,  was  computed  between  the  quantities  thus  obtained  and 
those  originally  measured.  Each  reading  from  the  diagram  was  the 
average  of  two  independent  readings. 

These  results  are  shown  on  Plate  LXXXI.  Every  run  in  every 
experiment  is  plotted.  The  abscissas  represent  the  heads,  in  feet;  the 
ordinates  represent  the  quantity  differences  as  percentages.  A  glance 
at  the  diagram  shows  that  nearly  all  these  results  are  below  the  +  1% 
line  and  above  the  — ■  1%  line.  This  means  that  the  diagram  gives 
results  in  nearly  all  cases  varying  less  than  1%  from  the  original 
accurate  data.  How  near  the  results  given  by  the  diagram  fit  the  data 
obtained  by  any  particular  investigator  in  any  series  of  runs  can  be 
seen  by  following  the  special  line  which  represents  that  particular  set 
of  runs. 

In  the  upper  portion  of  Plate  XCII  it  can  be  seen  that,  even  with 
great  care,  an  error  of  one-half  of  1%  in  the  discharge  may  be  due 
to  imperfections  in  measuring  the  head,  yet  the  dischiarge  diagram 
now  being  considered  gives  the  accurate  results  just  named,  and  there- 
fore the  assertion  was  made  near  the  beginning  of  this  paper  that 
these  results  "can  be  relied  on  with  greater  confidence  than  can  those 
obtained  by  using  any  one  of  the  more  or  less  complicated  weir  formu- 
las which  the  exi)erimenters  tluMn.sclves  have  devised." 


DIFFERENCE  IN  PERCENTAGE  BETWEEN  THE  ACTUAL  DISCHARGES  MEASURED  BY  EXPERIMENTERS  AND  THOSE  OBTAINED  BY  USE  OF  PUTE  LXXX 
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That  the  diagrams  here  given  are  time-savers  will  be  plain  to  the 
reader  if  he  makes  the  compntations  which  the  formulas  require  in 
order  to  determine  the  quantities  of  discharge  for  weirs  of  the  heights 
shown  on  Plate  LXXXII.  If  these  results  are  furnished  for  a  series 
of  heads  on  eacli  of  these  weirs,  the  writer  will  gladly  put  this  addi- 
tional information  on  the  diagram. 

(2).— Broad-Crested  Weirs.— Plate  LXXXIIL 

(a). — Broad-Crested  Weirs  of  One  Height,  Namely  11.25  Ft.,  the 
Height  of  the  Model  on  Which  the  Experiments  Were  Made.— The 
curves  on  Plate  LXXXIII,  which  give  the  discharge  over  a  series  of 
broad-crested  weirs  without  end  contractions,  all  having  the  same 
height,  11.25  ft.,  are  based  on  a  long  and  careful  series  of  experiments 
in  tilt-  hydraulic  laboratory  of  Cornell  University.  Although  the  stand- 
ard weir  with  which  the  water  was  measured,  after  it  had  flowed  over 
the  model,  was  not  rated  by  actually  catching  and  measuring  the  water 
volumetrically,  the  computations  concerning  the  discharges  measured 
over  it*  have  been  such  that  the  results  it  gives  can  be  accepted  as 
accurate  to  within  2  or  3  per  cent.f 

On  Plate  LXXXIII  also  there  are  three  series  of  lines.  One  gives 
the  head  or  depth  of  water  on  the  crest  of  the  weir,  measured  16  ft. 
up  stream  from  the  crest;  another,  the  discharge  per  foot  of  length  of 
weir;  and  the  third,  the  width  of  the  crest,  in  feet. 

For  every  point  on  the  diagram  there  is  a  definite  discharge,  and 
also  a  definite  head.  To  ascertain  the  discharge  for  a  given  head  on 
a  weir  of  known  width,  find  where  the  line  representing  the  head  in- 
tersects that  representing  the  width.  The  discharge  represented  by 
this  point  of  intersection  is  that  for  the  given  weir  for  1  ft.  of  length. 

It  should  be  noted  that,  for  comparatively  low  heads,  all  these  broad- 
crested  weirs  give  practically  the  same  result  for  the  same  head.$  At 
a  particular  head  or  point,  however,  for  each  width  of  crest,  the  quan- 
tity of  discharge  begins  suddenly  to  increase  much  faster,  in  propor- 
tion to  the  head,  than  it  has  done  before,  and  the  line  representing  its 
discharge  breaks  away  from  A  A  and  extends  across  the  diagram  in  a 

♦"Weir  Elxperiments,  CoefDcients.  and  Formulas,"  by  Robert  E.  Horton, 
Water  Supply  Paper  No.  150,  U.  S.  Geological  Survey,  p.  39  ;  also  G.  W.  Rafter, 
•  On  the  Flow  of  Water  Over  Dams."  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLIV, 
p.    397. 

t  Loc.  cit.,  p.  40. 

X  The  line,  AA,  represents  this  condition. 
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slanting  direction  to  the  line,  BB,  which  represents  the  discharge  over 
weirs  with  sharp  crests.  The  head  shown  by  the  point  at  which  such 
a  line  meets  BB  is  that  at  which  the  sheet  jumps  over  the  crest  with- 
out touching  it.    For  all  higher  heads  the  sharp-crest  condition  obtains. 

The  condition  that  exists  between  the  "broad-crest"  or  "open- 
channel"  line  and  the  "sharp-crest"  line  is  perhaps  produced  by  the 
tendency  of  the  flowing  stream  to  create  a  vacuum  on  top  of  the  broad 
crest.  This  will  be  called  the  intermediate  condition.  Three  exam- 
ples of  finding  the  discharge  over  a  weir  of  width  1.5  ft.  will  be  given : 
one  for  the  "open-channel"  condition,  another  for  the  "sharp-crest" 
condition,  and  a  third  for  the  intermediate  condition. 

Example  1. — (Open-Channel  Condition). — What  is  the  discharge 
over  a  weir  1.5  ft.  wide  and  4  ft.  long,  where  the  head  on  the  weir 
is  0.48  ft.  ? 

The  line  representing  a  head  of  0.48  ft.  intersects  that  representing 
a  weir  of  width  1.5  ft.  at  a  point  showing  a  dischaxge  of  0.90  cvi.  ft. 
per  sec.  per  ft.  of  length.  The  discharge  over  a  weir  4  ft.  long  is  four 
times  this  quantity,  or  3.60  cu.  ft.  per  sec. 

Example  2. — (Sharp-Crest  Condition). — What  is  the  discharge  over 
a  weir  1.5  ft.  wide  and  4  ft.  long,  where  the  head  on  the  weir  is  3.60  ft.  ? 

The  line  representing  a  head  of  3.60  ft.  intersects  that  representing 
a  weir  of  width  1.5  ft.  at  a  point  showdng  a  discharge  of  23.5  cu.  ft. 
per  sec,  per  ft.  of  length.  The  discharge  over  the  weir  4  ft.  long  is 
four  times  this  quantity,  or  94.0  cu,  ft.  per  sec. 

Example  3.— (Intermediate  Condition). — What  is  the  discharge  over 
a  weir  1.5  ft.  wide  and  4  ft.  long,  where  the  head  on  the  weir  is  1.40  ft? 

The  line  representing  a  head  of  1.40  ft.  intersects  that  representing 
a  weir  of  width  1.5  ft.  at  a  point  showing  a  discharge  of  4.93  cu.  ft. 
per  sec.  per  ft.  of  length.  The  discharge  over  the  weir  4  ft.  long  is 
four  times  this  quantity,  or  19.72  cu.  ft.  per  sec. 

The  dimensions  and  other  details  of  the  models  on  which  these 
experiments  were  conducted  are  shown  on  Plate  XC,  and  in  Figs.  16, 
17,  and  20  to  27,  inclusive. 

(fc). — Broad-Crested  Weirs  of  Any  Height. — It  was  at  the  sugges- 
tion of  Gardner  S.  Williams,  M,  Am.  Soc.  C.  E.,  that  the  writer 
prepared  Table  0,  showing  the  coefficients  to  be  applied  to  the 
quantities  of  discharge  given  by  Plate  LXXXIII  (and  applicable  only 
to  weirs  having  the  same  height  as  the  models  on  which  the  experi- 
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ments  were  made,  namely,  11.25  ft.),  in  order  to  obtain  the  discharge 
over  broad-crested  weirs  of  any  height. 

TABLE  0. — Coefficients  by  Which  the  Quantities  of  Discharge 
Over  Broad-Crested  Weirs  and  Irregular-Crested  Weirs  of 
11.25  Ft.  (the  Quantities  Given  on  Plates  LXXXIII  and 
LXXXV)  Are  to  be  Multii'lied  in  Order  to  Give  the  Discharge 
Over  Weirs  of  the  Heights  Shown  ix  the  Table  and  for  the 
Heads  There  Given.  Coefficients  for  Other  Heads  and  for 
Weirs  of  Other  Heights  May  be  Found  by  Interpolation. 


Head, 

in 
feel. 


Height  of  Weir,  in  Feet. 


0.5     0.75 


1.00 


1.50 


2.00 


3.00 

4.00 

1.010 

1.006 

1.018 

1.013 

1.024 

1.018 

1.025 

1.018 

1.024 

1.014 

1.021 

1.011 

1.027 

1.015 

1.026 

1.010 

1.028 

1.016 

1.034 

1.016 

1.035 

1.018 

1.056 

1.037 

1.0G3 

1.039 

1.074 

1.047 

1.091 

1.061 

1.103 

1.069 

1.122 

1.081 

1.132 

1.092 

1.147 

1.104 

1.156 

1.116 

1.168 

1.118 

1.171 

1.127 

1.166 

1.123 

1.171 

1.127 

1.177 

1.136 

1.177 

1.184 

1.180 

1.136 

1.1H7 

1.141 

1.188 

1.145 

1.182 

1.143 

6.00 


10.00 


20.00     Infinite. 


0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 


1.026 
1.076 
1.107 
1.137 
1.160 
1.175 
1.217 
1.237 
1.265 
1.311 


1.023 
1.056 
1.077 
1.095 
1.102 
1.116 
1.137 
1.149 
1.166 
1.191 
1.216 


1.020 
1.0421 
1.063 
1.076 
1 .086: 
1.090 
1.105 
1.118 
1.130 
1.150 
1.171 
1.200 
1.213 
1.227 
1.254 
1.274 
1.288 
1.301 
1.315 
1.818 
1.320 
1.821 
1.312 
1.317 
1.314 
1.313 
1.315 
1.311 
1.306 
1.299 


1.016 
1.031 
1.041 
1.052 
1.053 
1.0.59 
1.073 
1.079 
1.088 
1.104 
1.117 
1 . 1.^7 
1.150 
).164| 
1.189 
1.211 
1 .2-.i5 
1.243 
1.253 
1.266 
1.270 
1.269 
1.264 
1.270 
1.273 
1.270 
1.270 
1.270 
1.269 
1.264 


1.013 
1.023 
1.035 
1.039 
1.040 
1.039 
1.053 
1.0.54 
1.063 
1.070 

i.(m 

1 .  104 
1.111 
1.122 
1.148 
1.166 
1.180 
1.195 
1.212 
1.220 
1.227' 
1.2:10 
1.224 
1.232 
1.236 
1.^33 
1.236 
1.239 
1.238 
1.234 


i.oia 

1.009 
1.008 
1.006 
I.OIO 
1.009 
1.009 
1.007 
1.011 
1.015 
1.016 
1.020 
1.030 
1.029 
1.040 
1.044 
1.055 
1.060 
1.067 
1.068 
1.068 
1.072 
1.075 
1.078 
1.078 
1.084 
1.0&4 
1.082 


l.( 
l.( 
l.( 
l.( 
l.( 
1.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 
l.( 

m 

Wl 
)01 
)04 
X)6 

m 

)04 
)09 
)07 
)11 
)09 

xe 
)11 

)13 
)14 
)12 
)13 
114 
)18 

0.992 
0.992 
0.989 
0.989 
0.983 
0.977 
0.974 
0.978 
0.971 
0.972 
0.965 
0.960 
0.961 
0.958 
0.954 
0.951 
0.951 
0.948 
0.944 


0.991 
0.987 
0.984 
0.985 
0.971 
0.968 
0.963 
0.957 
0.950 
0.948 
0.937 
0.926 
0.922 
0.917 
0.911 
0.908 
0.899 
0.901 
0.892 


These  coeflBcients  were  obtained  by  assuming  that  the  eflEect  of  the 
height  of  the  weir  in  the  case  of  broad  crests  is  the  same  as  in  that 
of  sharp  crests.  The  discharges  over  sharp-crested  weirs  having 
the  heights  given  in  Table  0  and  the  heads  there  indicated,  were  found 
from  Plates  LXXX  and  LXXXII  for  eharp-crested  weirs.  The  ratios 
were  then  found  between  the  quantities  thus  obtained  and  the  discharge 
over  a  sharp-crested  weir  of  height  11.25  ft.  for  the  corresponding 
heads.     These  ratios  are  the  coefficients  given  in   Table  0.     Although 
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the  degree  of  accuracy  they  give  is  necessarily  uncertain,  it  is  believed 
that  the  results  found  by  their  use  will  be  the  best  obtainable  until 
additional  reliable  data  are  secured. 

(3). — Weirs  with  Irregular  Cross-Sections. — Plates  LXXXIV 
and  LXXXV. 

(a). — Specific  Weirs  of  Heights  Shown.— Plates  LXXXIV  and 
LXXXV  show  the  actual  results  obtained  by  experiments  on  a  series 
of  models  of  irregular  cross-sections  in  the  hydraulic  laboratory  of 
Cornell  University.  There  is  not  sufEcient  similarity  in  the  models 
used  to  make  a  general  diagrara  from  the  results  obtained,  which  will 
apply  to  weirs  with  any  cross-section,  or  even  to  those  with  some- 
what similar  cross-sections,  as  was  done  in  the  case  of  the  sharp- 
crested  weirs  on  Plate  LXXX  or  the  broad-crested  weirs  on  Plate 
LXXXIII. 

It  is  believed,  however,  that  from  these  two  diagrams  a  close  esti- 
mate can  be  made  of  the  quantity  of  water  flowing  over  almost  any 
weir  or  dam  of  irregular  cross-section.  As  readings  are  taken  on  these 
plates  exactly  as  they  are  on  Plates  LXXX  and  LXXXIII,  no  further 
examples  or  explanations  need  be  given  on  this  point. 

Cross-sections  of  these  models,  showing  their  dimensions  and  me.thod 
ot  construction  are  given  on  these  two  plates,  and  in  Figs.  17  to  19, 
and  28  to  45,  inclusive.  The  curves  are  also  marked  with  the  model 
number,  so  that  the  line  for  any  particular  form  may  be  easily  followed. 

(^). Weirs  of  Any  Height,  if  Similar  to  Those  Models  Shown  on 

Plate  LXXXV  That  Have  a  Height  of  11.25  Ft.— For  the  same  reason 
that  the  coefficients  in  Table  0  may  be  applied  to  the  discharge  over 
broad-crested  weirs,  having  a  height  of  11.25  ft.,  in  order  to  obtain 
the  discharge  over  similar  weirs  of  different  heights,  these  same  co- 
efficients may  be  applied  to  the  discharges  obtained  from  Plate  LXXXV 
for  the  models  having  a  height  of  11.25  ft.,  in  order  to  obtain  the 
discharge  over  similar  models  of  different  heights.  The  models  having 
a  height  of  11.25  ft.  from  which  experiments  were  actually  made  are 
the  following:  XXX,  XXXIII,  XXXIV,  XXXV,  XXXVI,  XXXVIII, 
and  XXXIX.  For  further  explanation,  see  "(fc)  Broad-Crested  Weirs 
of  Any  Height." 
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-Model  of  Chambly  Dam,  in  Upper  End  of  Canal, 
Cornell  Hydraulic  Laboratory. 


^™^^5^3PS5fe>           . 

'^                        '••''V#- 

Fig.  6. — Model  of  Plattsburg  Dam,  in  Upper  End  of  Canal, 
Cornell  Hydraulic  Laboratory. 
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C. — Formulas  for  Calculating  the  Discharge  Over  Weirs. 
(1). — The  Francis  Formula. 

The  Francis  formula  for  weirs  without  end  contractions  is  used 
most  generally.    It  is  as  follows: 

Q  =   3.3:3  H^* 
in  which 

Q  =  discharge,  in  cubic  feet  per  second  per  foot  of  length  of  weir; 
and  H  =  effective  head  of  water  on  the  weir,  in  feet ;  its  value  to  be 
obtained  by  using  the  formula: 

H=^(h-\-  h')^  —  h'^i 
in  which 

h  =  the  measured  head,  or  the  vertical  distance,  in  feet,  between 
the  horizontal  plane  containing  the  crest  of  the  weir  and 
the  plane  surface  of  the  water  in  the  channel  of  approach ; 

and  h'  =  — ,  V  beinff   the    velocity  of    the  water    in    the    channel   of 
approach,  and  g  the  acceleration  of  gravity. 

Mr.  Francis  has  pointed  out  that  making  this  correction  for  the 
velocity  of  approach  "will  be  requisite  only  when  great  precision  is 
required."  For,  he  says,  in  one  of  his  experiments,  the  water  in  the 
channel  of  approach  had  a  mean  velocity  of  about  1  ft.  per  sec,  and 
this  had  the  effect  of  increasing  the  discharge  about  2%,  and,  in  an- 
other experiment,  the  velocity  was  about  0.5  ft.  per  sec,  and  this  had 
the  effect  of  increasing  the  discharge  about  1  per  cent.  "These  exam- 
ples," writes  Mr.  Francis,  "will  enable  the  operator  to  judge,  in  each 
case,  of  the  necessity  of  going  through  the  troublesome  calculation 
for  correcting  the  depth  on  the  weir.":}: 

(2). — Formula  of  Fteley  and  Stearns. 

For  weirs  without  end  contractions,  Messrs.  Fteley  and  Stearns, 
from  their  experiments,  deduced  the  following  formula : 

Q  ^  3.31  (h  +  1.;-)  h')^  +  0.007  § 
in  which 

Q  =  discharge,  in  cubic  feet  per  second  per  foot  of  length  of  weir; 


•  "Lowell  Hydraulic   Experiments,"  by   .J.    R.   Franci.s,  pp.   131   and  133. 

t  Loc.  cit.,  p.  117. 

t  Loc.  cit.,  p.  135. 

§  Transactions,  Am.  Soc.  C.  E.,  Vol.  XII.  pp.  11  and  82. 
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h  =  measured  head,  or  the  vertical  distance,  in  feet,  between  the 
horizontal  plane  containing  the  crest  of  the  weir  and  the 
plane  surface  of  the  water  in  the  channel  of   approach; 

^□a  /,'  _  -Zl,  Fbein-  the  mean  velocity  of  the  water  in  the  channel 
of  approach,  and  g  the  acceleration  of  gravity. 
(3)_ — The  Bazin  Formula. 
Basin's  is  the  only  weir  formula  that  has  been  proposed,  up  to  this 
time,    which,   for    accurate   results,    does   not   necessitate    taking    into 
account  the  velocity   of  the  water  in  the  channel  of  approach.     His 
formula,  in  English  units,  is  as  follows: 

,  =  1(0.0075  + '-^«)    [1  +  0.5,   (^-f  J] /.  V.-i* 

in  which 

Q  =  discharge,  in  cubic  feet  per  second  per  foot  of  length  of  weir; 

h  =  the  measured  head,  or  the  vertical  distance,  in  feet,  between 

the  horizontal  plane  containing  the  crest  of  the  weir  and 

the  plane  surface  of  the  water  in  the  channel  of  approach; 

p  =  the  vertical  distance  between  the  bottom  of  the  channel  of 

approach  and  the  horizontal  plane  containing  the  weir's 

crest ; 
g  ^  the  acceleration  of  gravity,   in  feet  per  second  per  second. 

(4)  .—Formulas  Proposed  by  the  Writer. 

Equations  of  the  form,  Q  =  m  h\  are  derived  in  this  paper  for 
all  the  weirs  of  all  the  forms  herein  considered.  The  great  variation 
in  the  values  of  m  and  n  shown  on  Plates  LXXXVI,  LXXXIX,  and 
XCI,  and  in  Tables  C,  D,  E,  and  F,  are  strong  arguments  against  the 
u'.e  of  only  one  formula  for  computing  the  discharge  over  weirs  of 
various  sizes,  especially  when  the  quantity  of  water  to  be  measured 
varies  through  wide  limits. 

Again,  by  the  methods  explained  in  this  paper,  diagrams  can  be 
prepared  that  give  the  same  results  as  the  formulas  of  the  form, 
Q  =  m  /i».  By  the  diagrams  herein  presented,  the  discharges  over 
nearly  all  well-known  experimental  weirs  can  be  found.  Based  on  the 
results  given  by  these  experiments,  other  diagrams  are  presented  which 
indicate  with  accuracy  the  discharge  over  weirs  of  almost  all  forms 
and  sizes. 
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Fig.  7. — General  View  of  Hydraulic  Laboratory  of  University  of  Utah  and 
Thirteenth  East  Street  Reservoir. 


Fig.  8. 


-Measuring  Basin,  Hydraulic  Laboratory  of  University  of  Utah, 
Thibteenth  East  Street  Reservoir. 
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This  formula,  Q  =i^  m,  h",  may  be  written 

log.    Q   =  71  log.   h  +   log-   "i- 

If  the  logarithms  of  heads  of  less  than  1  ft.  be  expressed  as  nega- 
tive quantities,  the  Thacher  rule  may  be  used  for  computing  the  values 
of  n  log.  h.  If,  to  the  results  thus  obtained,  the  constant  quantity, 
log.  m,  be  added,  the  quantities  obtained  are  the  logarithms  of  the  dis- 
charges desired. 

By  this  method,  computations  of  quantities  of  discharge  by  any 
formula  of  the  form,  Q  =^  m  /i",  are  made  as  easily  and  quickly  as  by 
the  Francis  formula.   Q  =  3.33  H\ 

For  finding  the  discharge  over  a  weir,  the  diagram  has  two  advan- 
tages over  the  formula:  First,  it  gives  results  without  computation; 
secondly,  results  obtained  by  the  diagram  do  not  appear  to  contain  an 
accuracy  which  is  not  warranted. 

D. — Comparative  Accuracy  of  the  Formulas. 

The  Francis  formula  has  been  used  more  than  any  other,  for  the 
reason,  perhaps,  that  engineers,  generally,  have  constructed  weirs  so 
as  to  feel  satisfied,  justly  or  otherwise,  with  this  formula,  without 
making  a  correction  for  the  velocity  of  approach.  By  doing  so  they 
have  avoided  what  Francis  himself  has  very  properly  called  "the 
troublesome  calculation  for  correcting  the  depth  on  the  weir."* 

In  the  right-hand  portion  of  Fig.  8,  Plate  LXXXVIa,  the  points 
located  symmetrically  with  respect  to  the  line  having  the  equation, 
Q  =z  m  /ii-5032  (in  which  log.  m  =  0.5257,  or  m  =  3.355),  show  how 
accurately  this  equation  fits  the  Francis  experiments  when  they  have 
not  been  corrected  for  velocity  of  approach.  Two  broken  lines  are 
shown  passing  through  the  points  in  the  left-hand  portion  of  this 
drawing.  That  marked  "Francis  Formula"  shows  where  these  points 
should  be  if  the  equation  fitted  them  perfectly.  Those  points  to  which 
the  velocity  of  approach  has  not  been  applied  are  to  the  right  of  this 
line  at  a  distance  which  indicates  that,  for  a  head  of  1.0  ft.,  the  for- 
mula gives  a  computed  discharge  0.9%  too  small  (see  scale  on  Plate 
LXXXVIa).  The  error  is  slightly  less  for  lower  heads.  When  to 
these  experiments  "the  troublesome  calculation  for  velocity  of  ap- 
proach" has  been  applied,  the  Francis  formula,  for  a  head  of  1.0  ft., 
still  gives  a  result  in  error  0.2%,  as  the  diagram  shows,  and  the  equa- 

•  "Lowell  Hydraulic  Experiments,"  p.  135. 
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tioa,   Q  =  m  /;i-««*  (in  which    \o^.  m  —  0.r)214,  or   m   =    3.322),  fits 
these  experiments  almost  perfectly, 

A  comparison  of  the  values  given  in  Table  8A,  and  in  Table  XIII 
of  the  "Lowell  Hydraulic  Experiments,"  shows  that  the  computed  or 
corrected  heads  in  these  Francis  experiments  do  not  agree.  This  lack 
of  agreement  is  due -to  the  fact  that  Francis  based  his  corrections  on 
the  velocity  of  approach  6  ft.  up  stream  from  the  crest,  and  the  writer's 
are  based  on  a  velocity  of  approach  computed  from  the  cross-section  of 
the  channel  just  up  stream  from  the  crest  of  the  weir.  These  results 
would  agree  if  the  bottom  of  the  channel  of  approach  were  level,  or, 
in  other  words,  if  the  cross-section  of  the  channel  of  approach  were 
constant. 

Note  what  effect  this  small  difference  in  cross-section  makes,  and 
then  imagine  the  uncertainty  that  necessarily  comes  into  the  results 
by  measuring  water  with  a  weir  above  which  sediment  and  gravel  accu- 
mulate until  at  times  the  depth  of  the  channel  of  approach  decreases 
to  zero.      In  practice,  such  a  condition  often  prevails. 

It  may  be  well  to  draw  attention  at  this  point  to  the  accuracy  with 
which  equations  of  the  form,  Q  =  m  h^,  can  be  made  to  fit  experi- 
ments by  the  methods  herein  presented,  and  also  to  the  clearness  with 
which  the  degree  of  accuracy  attained  can  be  seen. 

It  will  be  noted  that,  of  these  two  broken  lines,  that  on  the  left 
fits  the  results  better  than  that  on  the  right.  The  latter  represents 
the  Francis  formula,  and  the  former  is  the  line  that  best  fits  the 
Francis  experiments.  For  a  head  of  1  ft.  there  is  a  difference  in 
quantity  of  only  0.17%  (by  the  scale  on  Plate  LXXXVIo)  between 
the  results  of  the  Francis  formula  and  those  of  the  "best  fitting  line", 
yet  this  small  difference  is  shown  clearly  and  accurately  on  the  diagram. 
The  broken  line  in  the  extreme  right-hand  side  of  the  figure  shows 
the  results  obtained  by  using  the  final  diagram  for  a  weir  of  this  height. 
For  a  head  of  1  ft.  it  gives  quantities  about  O.Y%  less  than  the  Fran- 
cis results  not  corrected  for  velocity  of  approach,  and  quantities  about 
1.8%  less  than  the  Francis  results  when  these  are  thus  corrected.  It 
is  the  influence  of  otlicr  experiments  that  draws  this  line  so  far  to  the 
right. 

E. — Method  of  Determining  the  Projwsed  Formxdas. 

No  exhaustive  study  of  the  quantities  discharged  over  a  w^ir  for 
known   heads   is  required   to  discover  that   one  equation   of  the   form. 
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Fig.  9. — Laboratory  Botldings,  Canals,  Diverting  Device,  and  Waste-way  of 
Hydrattlic  Laboratory  of  University  of  Utah. 


Fig.  10. — Receiving  Basi.n,  Canal  No.  1,  Weir  No.   1,  Canal  No.  2,  a.vd  Weir 
No.  2  of  Hydraulic  Laboratory  of  University  of  Utah. 
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Q  =  m  h",  with  constant  values  for  7?i  and  n  will  not  give  the  dis- 
chnrg-e  with  a  high  degree  of  accuracy  if  the  values  of  h  cover  a  wide 
range.  Nevertheless,  when  the  values  of  h  cover  but  a  limited  range, 
the  highest  degree  of  accuracy  tha,t  the  experimental  data  warrant  can 
be  obtained  with  an  equation  of  this  form. 

Here,  as  elsewhere  in  this  paper,  wherever  Q  is  used,  it  designates 
the  quantity  of  water  discharged  over  a  weir,  in  cubic  feet  per  second 
per  foot  of  length  of  weir;  h  is  used  to  designate  the  observed  head  of 
water  on  a  weir,  in  feet,  unless  otherwise  plainly  stated.  (This  h 
is  not  measured  in  still  water.) 

With  given  values  of  h  and  the  corresponding  values  of  Q,  efforts 
have  been  made  to  determine  equations  of  the  form  named  that  sat- 
isfy these  values. 

First,  plotting  on  logarithmic  paper  was  tried,  but  even  when  using 
paper  with  a  20-in.  base,  the  curvature  of  the  lines  determined  by  the 
plotted  points  was  so  slight  that  the  best  fitting  lines  that  could  be 
obtained  were  more  likely,  when  their  equations  were  applied  to  the 
given  data,  to  be  ill-  than  to  be  well-fitting. 

Secondly,  the  logarithms  of  the  ^'s  and  the  /I's,  on  a  scale  as  large 
as  could  be  used  with  any  degree  of  convenience,  were  plotted;  but 
the  results  were  little  if  any  more  satisfactory  than  those  obtained 
from  the  plotting  on  logarithmic  paper. 

Thirdly,  the  method  of  finding  the  centers  of  gravity  of  the  upper 
and  lower  halves  of  the  curves  that  result  from  plotting  the  logarithms 
and  passing  a  line  analytically  through  the  points  thus  found,  was 
used.  This  method  gives  results  somewhat  more  satisfactory  than  the 
others,  when  applied  to  the  determination  of  a  single  line  or  equation 
for  the  whole  set  of  experiments ;  but  if  one  equation  does  not  give  sat- 
isfactory results,  this  method  gives  little  or  no  indication  of  the  num- 
ber of  equations  necessary,  or  the  point  at  which  divisions  should  be 
made,  before  attempting  to  find  the  two  or  more  equations  required. 
This  method  of  investigation  had  been  applied  faithfully  to  nearly  all 
the  experiments  herein  presented,  and  gave  results  which  were  con- 
sidered very  satisfactory-,  before  the  final  method  was  discovered. 

Fourthly,  by  the  final  method  of  treating  these  experiments,  lines 
having  equations  which  give  results  with  a  degree  of  accuracy  as  high 
as  the  experiments  warrant  can  be  pa&«p(l  through  the  points  plotted. 
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By  this  method  the  trial  equation,  Q  =  m  h'^-^ooo  (log.  m  =  0.5000), 
is  first  applied.  The  differences  between  the  logarithms  of  the  quan- 
tities measured  and  the  logarithms  of  the  quantities  computed  by  this 
trial  formula,  are  plotted;  the  logarithms  of  the  heads  are  used  as  ordi- 
nates,  and  the  differences  just  mentioned  as  abscissas.  The  scale  on 
which  the  differences  are  plotted  is  ten  times  that  on  which  the  heads 
are  plotted,  so  that  the  angles  and  cuiwes  of  the  various  lines  are 
greatly  exaggerated ;  with  little  difficulty,  therefore,  the  number  of 
equations  needed  to  fit  the  experiments  is  selected,  and  the  lines  rep- 
resenting these  equations  are  easily  and  readily  drawn. 

Taking  the  logarithms  of  both  sides  of  the  general  equation, 

Q  =  m  h", 
gives  log.  Q  =  n  log.  h  +  log.  m. 

This  is  the  equation  of  a  straight  line  the  intercept  of  which  on  the 
Y  or  log.  Q  axis  (the  line  having  the  equation,  log.  h  =  0)  is  log.  m; 
n  is  the  slope  of  the  line,  or  the  tangent  of  the  angle  the  line  makes 
with  the  X  or  log.  h  axis  (the  line  having  the  equation,  log.  Q  =  0). 

Let  YY  be  the  log.  Q  axis,  and  let  XX  be  the  log.  h  axis  (as  shown 
by  Fig.  A,  at  the  right  of  Plate  LXXXVI6).  The  log.  /;  axis  is  put 
in  the  vertical  position  because  it  is  usual  to  measure  and  represent 
heads  in  that  direction. 

The  locus  of  the  trial  formula,  or  equation,  log.  Q  =  1.5000  log.  h 
-\-  0.5000,  is  the  line,  ah.  The  point,  a,  on  the  log.  Q  axis  is  found 
by  substituting  in  the  foregoing  equation  log.  h  =  0,  and  the  point, 
h,  on  the  line,  log.  /i  =  —  1,  is  found  by  substituting  in  that  equa- 
tion log.  /i  =  —  1.  The  distance,  Oa,  or  the  "intercept  on  the  Y  axis", 
is  0.5000  in  this  particular  equation,  or  it  is  log  m  in  the  general 
equation.  The  value  of  n  is  (from  the  equation  of  a  straight  line) 
the  tangent  of  the  angle  the  line  makes  with  the  log.  h  axis,  that  is,  the 
tangent  of  the  angle.  Oca.  In  this  case  it  is 
Oa  ad  1.5 
Oc  ^  ^  To  ^  "^"'^" 

Lines  actually  representing  the  equations  which  fit  the  data  con- 
sidered vary  but  slightly  from  the  line,  ab.  Hence,  the  differences  in 
the  values  of  log.  Q  cannot  be  shown  with  sufficient  accuracy  on  a 
drawing  of  reasonable  size  when  rectangular  axes  are  used.  The  line, 
ab,  therefore,  is  made  vertical  on  the  same  horizontal  lines,  and  from 
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Fig.  11. — Diverting  Device  and  Baffles 

IN     South      End      of      Measuring 

Basin,   Hydraulic   Laboratory 

OF  University  of  Utah. 
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Diverting  Devtce,  and  Waste-way  of  Hydraulic  Lab- 
oratory OF  University  of  Utah. 
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it,  to  right  and  to  left,  the  computed  ditferences  of  the  logarithms  of 
the  quantities  are  plotted. 

Example. — On  Plate  LXXXVIa,  Fig.  1,  the  vertical  line  having 
the  equation, log.  Q  =  1.5000  log.  h  ■■  0.5000,  or  Q  =  m  h^-^'^  (log.  m  = 
0.5000),  is  marked  1.  The  points  plotted  with  reference  to  this  line 
are  shown  in  the  curve  marked  1.  The  quantities  plotted  are  those 
in  Column  6  of  Table  1,  and  the  logarithms  of  the  heads  as  in  Column 
3.  The  quantities  in  Column  6  are  the  differences  of  the  logarithms 
of  Qfn  (measured)  and  Qc  (computed  by  the  trial  formula). 

The  horizontal  scale  of  this  drawing  (as  originally  plotted)  is  0.01 
(logarithm)  to  the  inch;  these  differences,  therefore,  can  be  and  are 
plotted  to  the  fourth  decimal  place.  If  a  drawing  similar  to  that 
shown  by  Fig.  A,  Plate  LXXXVI  h,  were  made  to  this  same  scale, 
the  line,  ah,  between  the  lines,  log.  /^  =  —  1.0  and  log.  h  =  0.71,  that 
is,  between  the  lines  representing  heads  of  0.1  ft.  and  5.1  ft.  (values 
well  within  the  limits  of  Plates  LXXXVIa  and  LXXXVI6),  would 
be  22  ft.  long.  To  show,  on  such  a  scale,  all  the  matter  on  Plates 
LXXXVIa  and  LXXXVI&  would  require  a  drawing  33  ft.  long  if 
the  curves  were  placed  at  the  same  horizontal  distance  from  each 
other,  though  the  length  of  Plate  LXXXVI*,  as  originally  drawn,  is 
only  11  ft.  On  the  two  parts  of  this  plate  the  lines  and  curves  are  lo- 
cated so  that  they  may  be  used  and  studied  conveniently;  but,  if  one 
curve  occupied  a  horizontal  distance  of  22  ft.,  it  would  be  impossible 
to  get  results  of  value  from  its  points,  as,  in  mcst  cases,  they  would 
be  many  feet  apart.  Such  lines,  being  practically  horizontal,  would 
give  very  poor  points  of  intersection  with  the  horizontal  lines  which 
represent  the  heads;  whereas  those  used  on  Plate  LXXXVIa  and 
LXXXVIfc  give  good  points  of  intersection. 

After  plotting  these  points,  right  lines  were  drawn  to  fit  them, 
and  the  equations  of  the  lines  thus  drawn  have  been  determined  from 
their  points  of  intersection  with  the  lines,  log.  /(  ^  0  and  log.  h  =  —  1. 
As  explained  previously,  the  reference  line  intersects  the  line,  log. 
/(  =  — 1.0.  at  the  point,  — 1.0000,  and  the  line,  log.  /)  =  0.0,  at  the 
point,  +  0.5000. 

In  Fig.  1,  Plate  LXXXVIa,  it  will  be  observed  that  the  portion 
of  the  curve  above  log.  h  =  0.3010,  when  produced  downward,  as 
shown  by  the  dotted  line,  intersects  the  line,  log.  h  =  0.0000,  at  the 

•  For  convenience,  Plate  LXXXVI  has  been  divided  into  two  parts,  a  and  b. 
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point,  log.  Q  =  0.5000  +  0.0117  =  0.5117.  The  figures  marked  on 
tlie  plate  will  make  this  point  clear. 

This  same  line  (on  the  original  drawing)  intersects  the  line,  log. 
/(  =  — 1.0000,  2.12  in.  to  the  left  of  the  point  at  which  the  reference 
line  intersects  it,  giving,  therefore,  for  the  point  of  intersection,  the 
value,  —  1.0000  —  0.0212  =  —  1.0212  for  log.  Q. 

Next  find  the  value  of  n  in  the  equation,  log.  Q  =^  n  log.  h  +  log. 
m.     Kef  erring  to  Fig.  2,  Plate  LXXXVIa  (right  hand  end),  the  value 

ad 
of  ?!  is  — .     In  general,  ad   is  the    sum  of   aO  and  Od.     In  this  par- 
ticular case,  as  just  shown,  aO  is  0.5117  and  Od  is  1.0212;  therefore, 
ad,  being  the  sum  of  these  two  values,  is  1.5329.     In  this  case  dh  =  1, 

ad        1.532!) 
therefore   71    =  —  =  ''     =    1.5329,   and    the    equation    sought   is 

Q  =  m  h^-^^'^,  in  which  log.  m  =  0.5117. 

In  a  similar  manner,  equations  have  been  found  for  all  the  curves 
on  Plates  LXXXVIa,  LXXXVI&,  LXXXIX,  XCIa,  XCI&,  and  on 
Fig.  14,  and  the  resulting  values  of  n,  m,  and  log.  m,  together  with  the 
limiting  values  of  h  between  which  these  values  apply,  are  given  in 
Tables  C,  D,  E,  and  F,  as  well  as  on  the  curves  on  the  plates. 

List  of  Tables. 
The  following  is  a  list  of  all  the  Tables  accompanying  this  paper. 
Some  of  these  tables  are  reproduced,  but,  as  the  others  are  too  volu- 
minous to  be  published  here,  they  have  been  filed  in  the  Library  of  the 
Society,  where  they  may  be  examined  by  those  specially  interested. 
Table  0  is  printed  on  page  1525;  Table  1  (as  a  sample  of  Tables  1  to 
67)  is  printed  on  page  1549;  and  Tables  C,  D,  E,  and  F  are  printed 
on  pages  1550  to  1554. 

Table  Description    of    Tables. 

No. 

0.  Cofil^cients     by     which     the    Quantities    of     Discharge    over     Broad-crested 

Weirs  and  IrreRiilar-crestcd  Weirs  of  Height  11.25  ft.  (the  Quan- 
tities given  on  Plates  LXXXIII  and  LXXXV)  are  to  be  Multiplied 
in  Order  to  Give  the  Discharge  over  Weirs  of  the  Heights  Shown  In 
the  Table  and  for  the  Heads  there  given.  Coefficients  for  Other 
Heads  and  for  Weirs  of  Other  Heights  may  be  Found  by  Interpola- 
tion. 

Sharp-Crested    Weirs   Without   End    Contractions. 

1.  •  Computations    by    Dr.    Schoder    for    the    Cornell    Standard    Weir    of    Height 

11.25  Feet   and   Length   15.995   Feet.   Based   on  the  Bazin   Formula. 

2.  Computations    by    Professor    Williams    for    the    Cornell    Standard    Weir    of 

Height  11.25  Feet  and  Length  16.005  Feet,  Based  on  the  Bazin 
Formula. 

3.  Experiments    on    the    Cornell    Standard    Weir    of    Height    11.25    Feet    and 

Length  16.005  Feet. 

*  This  Table  is  printed  with  the  paper  as  a  sample  of  Tables  1  to  67,  inclusive. 
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Table 
No. 

4.  Experiments    on    the    Cornell    Standard    Weir    of    Height    6.65    Feet    and 

Length    16.00    Feet. 

5.  Computations    by    Professor    Williams    for    the    Cornell    Standard    Weir    of 

Height     6.65    Feet     and     Length    16.005    Feet,     Based    on     the    Bazin 
Formula. 

6.  Experiments    on    the    Utah    Weir    No.    2    of    Height    6.65    Feet    and    Length 

6.55   Feet. 

7.  Experiments    on    the    Fteley    and    Stearns    Weir    of    Height    6.55    Feet    and 

Length    19.00   Feet. 

8.  Experiments  on   the  Francis   Weir   of   Height   4.60  Feet   and    Length    9.992 

Feet. 
8A.     Experiments  on  the  Francis  Weir  of   Height  4.60   Feet   and   Length   9.992 
Feet,  Corrected  for  Velocity  of  Approach. 

9.  Experiments    on    the    Bazin    Weir     (Series    I)     of    Height    3.72    Feet    and 

Length    6.56   Feet. 

10.  Experiments    on    the    Bazin    Weir    (Series    II)    of    Height    3.72    Feet    and 

Length  3.28  Feet. 

11.  Experiments   on    the   Utah   Weir    No.    1    of    Height    3.72    Feet    and    Length 

1.77   Feet. 

12.  Experiments    on    the    Cornell    Weir    Model    XXI    of    Height    3.65    Feet    and 

Length    16.00    Feet. 

13.  Experiments    on    the    Fteley    and    Stearns    Weir    of    Height    3.56    Feet    and 

Length  5.00  Feet. 

14.  Experiments    on    the    Bazin    Weir    (Series    III)     of    Height    3.31    Feet    and 

Length    1.64   Feet. 

15.  Experiments    on    the    Fteley    and    Stearns    Weir    of    Height    3.17    Feet    and 

Length    5.00   Feet. 

16.  Experiments    on    the    Fteley    and    Stearns    Weir    of   Height    2.60    Feet    and 

Length  5.00  Feet. 

17.  ETxperiments    on    the    Bazin    Weir    (Series    IV)    of    Height    2.47    Feet    and 

Length   6.54    Feet. 

18.  Experiments    on    the    Bazin    Weir     (Series    V)     of    Height    2.47    Feet    and 

Length    6.56   Feet. 

19.  Experiments    on    the    Cornell    Weir    Model    XI    of    Height    2.23    Feet    and 

Length   16.00  Feet. 

20.  Experiments    on    the    Fteley    and    Stearns    Weir    of    Height    1.70    Feet    and 

Length   5.00  Feet. 

21.  Experiments    on    the    Bazin    Weir    (Series    VI)     of    Height    1.64    Feet    and 

Length   6.53   Feet. 

22.  Experiments    on    the    Bazin    Weir    (Series    VII)    of    Height    1.64    Feet    and 

Length  6.56  Feet. 

23.  Experiments    on    the    Utah    Weir    No.    3    of    Height    1.64    Feet    and    Length 

6.53  Feet. 

24.  Experiments   on    the    Bazin    Weir    (Series    VIII)    of   Height    1.16    Feet    and 

Length  6.53   Feet. 

25.  Experiments    on    the    Bazin    Weir    (Series    IX)    of    Height    1.14    Feet    and 

Length   6.55  Feet. 

26.  Experiments    on    the    Fteley    and    Stearns    Weir    of    Height    1.00    Foot    and 

Length   5.00  Feet. 

27.  Experiments    on    the    Bazin    Weir     (Series    X)     of    Height    0.79    Foot    and 

Length   6.56  Feet. 

28.  Experiments    on    the    Fteley    and    Stearns    Weir    of    Height    0.50    Foot    and 

Length   5.00  Feet. 

29.  Computations    for    a    Weir    Infinitely    High,    Based    on    the    Bazin    Formula. 

30.  Computations    for    a    Weir    of    Height    20.00    Feet,    Based    on    the    Bazin 

Formula. 

31.  Computations    for    a    Weir    of    Height    10.00    Feet,     Based    on    the    Bazin 

Formula. 

32.  Computations    for    a    Weir    of    Height       6.00    Feet,    Based    on    the    Bazin 

Formula. 

33.  Computations    for    a    Weir    of    Height      4.00    Feet,     Based    on    the    Bazin 

Formula. 

34.  Computations    for    a    Weir    of    Height       3.00    Feet,    Based    on    the    Bazin 

Formula. 

35.  Computations    for    a    Weir    of    Height     2.00    Feet,     Based    on    the    Bazin 

Formula. 

36.  Computations    for    a    Weir    of    Height       1.50    Feet,    Based    on    the    Bazin 

Formula. 

37.  Computations    for    a    Weir    of    Height      1.00    Foot,    Based    on    the    Bazin 

Formula. 

Broad-Crested    Weirs    Without    End    Contractions. 
(Experiments     in     the     Hydraulic     Laboratory     of     Cornell     University. 
Models   Built   Over   the   Upper   Standard   Weir,    Height    11.25    Feet,    Length 
16.00  Feet.) 

38.  Cornell  Model  XL.    Width  5%   In.,  or  0.48  Ft. 

39.  Cornell  Model  XLVII.    Width  111-4   In-  or  0.93  Ft. 
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Table 
No, 

40.  Cornell  Model  XLI.    Width   19%    In.,  or  1.65  Ft. 

41.  Cornell   Model   XLVI.    Width   3.17   Ft. 

42.  Cornell  Model  XLV.    Width  5.85  Ft. 

43.  Cornell  Model   XLIV.    Width  8.96  Ft. 

44.  Cornell  Model   XLII.    Width  12.25  Ft. 

45.  Cornell  Model   XLIII.    Width   16.29   Ft. 

46.  Cornell   Model   XLIIIa.   Width    16.29   Ft.     (Model   XLIII   planed.) 

Irregular-Shaped    Weirs    and    Dams. 
(Experiments  in  the   Hydraulic   Laboratory   of   Cornell  University.) 

47.  Cornell  Model  XI. 

48.  Cornell   Model   XXII.    Cambria  Weir. 

49.  Cornell  Model  XXVI.    Cambria  Weir. 

50.  Cornell   Model   XXIII.     Cambria  Weir. 

51.  Cornell   Model  XXIV.    Cambria  Weir. 

52.  Cornell   Model  XXV.    Cambria  Weir. 

53.  Cornell  Model  XXVII.    Lawrence  Dam, 

54.  Cornell   Model   XX. 

55.  Cornell   Model   XXVII.    Lawrence   Dam.  . 

56.  Mr.   Francis'   Model.    Lawrence   Dam. 

57.  Cornell   Model   XXX.    Plattsburg   Dam. 

58.  Cornell    Model   XXXIII.     Plattsburg   Dam. 

59.  Cornell    Model   XXXIV.     Plattsburg  Dam. 

60.  Cornell   Model  XXXV.    Chambly   Dam. 

61.  Cornell  Model  XXXVI.    Chambly  Dam. 

62.  Cornell    Model    XXXVIII.     Dolgeville    Dam, 

63.  Cornell   Model   XXXIX.     Dolgeville   Dam. 

64.  Cornell  Model   XLVIII. 

65.  Cornell   Model   L. 

66.  Cornell    Model    LI. 

67.  Cornell  Model  XLIX. 

A.  Heads   on   the    Standard    Weir    (Height    11.25   Feet)    as   Measured   by   Dif- 

ferent Methods  Simultaneously. 

Heads  on  the  Standard  Weir  (Height  11.25  Feet)  as  Measured  by  the 
Standard-Tube   Piezometer  and  the  10-Ft.   Tape   Simultaneously. 

Heads  on  the  Standard  Weir  (Height  6.65  Feet)  as  Measured  by  Dif- 
ferent Methods   Simultaneously. 

B.  Heads    Measured    Simultaneously    With    the    Hook-Gauge    in    the   Bazin    Pit 

and  With   the   15-Ft.   Tape. 

C.  Values    of   n,    ?».    and    log.    m.  With    the    Limits    of    Head    Between    Which 

These    Apply,    to    Be    Used    in    the    Equation,    Q    =    m    h",    for    Sharp- 
Crested  Weirs  of  Various  Heights. 

D.  Values   of   n,   m,    and    log.    m.  With    the   Limits    of    Head    Between    Which 

These    Apply,    to    Be    Used    in    the    EJquation,    Q    =    m    /i",    for    Broad- 
Crested  Weirs  of  Various  Widths. 

E.  Values    of    »i,    m,    and    log.    m.  With    the    Limits    of    Head    Between    Which 

These  Apply,   to   Be  Used   in  the  Equation,   Q   —   m  h",   for   Irregular- 
Crested  Weirs   With   Sections   of  Right   Lines. 

F.  Values    of    n,    m,    and    log.    ni.  With    the    Limits    of    Head    Between    Which 

These  Apply,   to   Be  Used   in   the   Equation,   Q   =  w   h",   for   Irregular- 
Crested  Weirs  With  Sections  of  Right  Lines  and  Curves. 

F. — Actiud  Determination  of  the  Formulas. 

Formulas  of  the  proposed  form,  namely,  Q  =  m  li^,  have  been  pre- 
pared for  four  different  classes  of  weirs  without  end  contractions: 

(1)  Sharp-crested   weirs; 

(2)  Broad-crested  weirs; 

(3)  Irregular  weirs  with  cross-sections  of  right  lines; 

(4)  Irregular  weirs  with  cross-sections  of  right  lines  and  curres. 

The  values  of  the  constants  for  the  formulas  derived  are  given  in 
Tables  C,  D,  E,  and  F. 

As  measuring  the  head  on  the  crest  of  a  weir  with  a  "tape"  is  per- 
haps the  simplest  and  best  method  in  actual  field  practice,  all  heads 
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measured  otherwise  than  with  a  tape,  except  where  specifically  noted, 
have  been  reduced  to  equivalent  tape  readings  by  using  the  curves 
on  Plates  XCII  and  XCIII.  The  distances  up  stream  from  the  crest 
at  which  these  tape  readings  have  been  taken  are  given,  with  the 
tabulation  of  the  data,  in  Tables  1  to  28  and  38  to  67,  inclusive,  and 
also  on  the  discharge  diagrams.  Plates  LXXX,  LXXXIII,  LXXXIV, 
and  LXXXV. 

(1). — For  Sharp-Crested  Weirs. 

(a). — General  Statement. — Equations  are  herein  derived  and  dia- 
grams devised  for  determining  the  discharge  over  all  the  weirs  of  this 
class  on  which  accurate  experiments,  on  a  large  scale,  have  been  made. 
The  adopted  equations  for  these  weirs,  and  the  limits  of  the  heads 
between  which  each  may  be  applied,  are  given  in  Table  C. 

The  experiments  in  which  the  water  was  measured  volumetrically, 
or  with  weirs  rated  by  volumetric  measurement,  include  those  of  Fran- 
cis, Fteley  and  Stearns,  Bazin,  and  those  made  in  the  hydraulic  labor- 
atory of  the  University  of  Utah.  These  experiments  have  been  made 
with  weirs  having  heights  ranging  from  the  Fteley  and  Stearns  weir, 
0.50  ft.  high  (5  ft.  long),  to  the  Utah  weir  No.  2,  6.65  ft.  high  (6.55 
ft.  long).  The  experiments  of  Francis  were  made  on  only  one  weir 
of  this  class,  and  it  was  4.60  ft.  high  and  9.992  ft.  long.* 

The  Cornell  6-ft.  Francis  piezometer  was  constructed  for  the  pur- 
pose of  duplicating  the  apparatus  used  by  Francis  for  measuring  heads. 
Observe  that  the  curve  on  Plate  XCIII,  as  determined  by  the  readings 
of  this  piezometer,  runs  across  nearly  all  the  other  curves  for  heads  of 
less  than  1  ft.  It  seems  hardly  reasonable  that  the  readings  for  these 
small  heads  should  increase  so  much  more  rapidly,  as  the  zero  point 
is  approached,  than  do  those  of  the  other  devices;  and  as  the 
pressure  orifice  for  this  piezometer  was  between  the  two  gates  in  the 
lower  end  of  the  canal,  it  is  probable  that  a  small  leak  induced  a 
slight  velocity  toward  the  opening.  The  impact  due  to  this  velocity 
would  account  for  the  small  increase  in  the  reading.  It  is  for  this 
reason  that  the  heads  measured  by  Mr.  Francis  and  those  measured 
by  Messrs.  Fteley  and  Stearns,  using  this  same  method,  have  not  been 
reduced  to  equivalent  tape  readings. 

(&). — Fr-ancis  Exveriments. — The  Francis  experiments  (Table  8) 
are  plotted  in  Fig.  8,  Plate  LXXXVIa.      The  height  of  this  weir  was 

*  "Lowell   Hydraulic  Experiments,"   pp.   124,   125. 
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TABLE  1.*— Sharp-Crested  Weirs. 
Computations  by  Dr.  Schoder,  Based  on  the  Bazin  Formula,  for  a  Weir 

of  lieiirht  11.25  ft. 


(I) 

(a) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

No.  of 
exp. 

Assumed 
head. 

15-ft.  tape 
head. 

Log.  Q^ 

Log.  Qj^ 

Log.  Qj^ 
-Log.  Qc 

^c 

e^ 

5.00 

1.5485 

1.5846 

0.0361 

35.361 

38.421 

4.90 

1.53.53 

1..5709 

0.0.3.56 

34.300 

37.234 

4.80 

1.5217 

1..5569 

0.03.53 

33.243 

36.049 

4.70 

1.508() 

1.5420 

0.0346 

32.111 

34.881 

4.60 

1.4940 

1.5282 

0.0*42 

31.189 

3:^.742 

4.50 

1.4T98 

1.5132 

0.0.3.^ 

30.186 

32.600 

4.40 

1.4651 

1.4980 

0.0329 

39.181 

31.479 

4.30 

1.45(11 

1.4825 

0.0324 

38.190 

30.377 

4.20 

1.43^8 

1.4667 

0.0321 

37.315 

29.386 

4.10 

1.4191 

1.4504 

0.0313 

36.348 

38.313 

4.00 

1.4030 

1.4a38 

0.0.3fJ8 

25.393 

27.155 

3.90 

l.:3865 

1.4168 

0.0303 

34.350 

36.111 

3.80 

1.3696 

1.3994 

0.0298 

33.431 

25.085 

3.70 

1.3523 

1.3815 

0.0292 

22.506 

34.073 

3.60 

1.3344 

1.3631 

0.0287 

21.597 

33.074 

3.50 

1.3160 

1..3443 

0.0283 

20.701 

22.097 

3.40 

1.2972 

1.3250 

0.0278 

19.834 

31.135 

3.30 

1.2778 

1.3051 

0.0273 

18.958 

30.187 

3.20 

1.2577 

1.2845 

0.0268 

18.101 

19.353 

3.10 

1.2.370 

1.2634 

0.0264 

17.258 

18.339 

3.00 

1.2157 

1.^416 

0.0259 

16.433 

17.441 

2.90 

1 . 193n 

1.2191 

0.0256 

15.613 

16.561 

2.80 

1.1707 

1.1958 

0.0251 

14.815 

15.697 

2.70 

1.1471 

1.1718 

0.0247 

14.031 

14.815 

2.60 

1.1224 

1.1468 

0.0244 

13.256 

14.031 

2.50 

1.0969 

1 . 1209 

0.0240 

12.250 

13.309 

2.40 

1.0703 

1.0940 

0.0237 

11.760 

13.417 

2.30 

1.0426 

1.0()59 

0.02:« 

11.031 

11.6.38 

2.20 

1.0136 

1.0367 

0.0231 

10.338 

10.883 

2.10 

0.9833 

1.0061 

0.0228 

9.633 

10.143 

2.00 

0.9515 

0.9741 

0.0226 

8.943 

9.433 

1.90 

0.9181 

0.94f)6 

0.0225 

8.381 

8.722 

1.80 

0.8828 

0.9052 

0.0224 

7.635 

8.039 

1.70 

0.8456 

0.8678 

0.0322 

7.008 

7.376 

1.60 

0.8(162 

0.8284 

0.0223 

6.400 

6.736 

1.50 

0.7040 

0.7864 

0.0234 

5.808 

6.115 

1.40 

0.7192 

0.7415 

0.0323 

5.338 

5.515 

1.30 

0.6709 

0.69.35 

0.0334 

4.687 

4.937 

1.20 

0.6186 

0.6416 

0.0330 

4.155 

4.381 

1.10 

0.5619 

0.5854 

0.03:i5 

3.646 

3.849 

1.00 

0..50f)0 

0..5239 

0.03:^9 

3.163 

3.342 

0.90 

0.4.313 

0.4.151 

0.03.38 

2.7(X) 

3.853 

0.80 

0.3545 

0.:«06 

0.0261 

2.262 

2.403 

0.70 

0.2675 

0.2951 

0.027(i 

l.a51 

1.973 

0.60 

0.1671 

0.1970 

0.0399 

1.469 

1.574 

0.50 

0.048:i 

0.0814 

0.03:^1 

1.118 

1.206 

0.45 

—0.0202 

O.Oliy) 

0.0353 

0.955 

1.0.35 

0.40 

-0.0970 

-0.0590 

0.0380 

0.800 

0.873 

0.35 

-0.1840 

—0.1425 

0.0415 

0.655 

0.730 

0.30 

—0.2844 

-0.2385 

0.0459 

0..519 

0.577 

0.25 

— <).4301 

—0.3508 

0.0.52:i 

0.395 

0.446 

0.20 

-0.5485 

—0.4865 

0.062(1 

0.38:1 

0.326 

0.15 

—0.7300 

-0.0588 

0.0772 

0.188 

0.219 

0.10 

-1.0000 

-0.8935 

0.1065 

0.100 

0.128 

♦Table  1  is  here  reproduced  as  a  sample  of  the  tables  numbered  1  to  8,  8A,  and  9  to  67. 
All  these  tables,  together  with  Tables  A,  B,  C,  D,  E,  and  F,  are  filed  in  the  Library  of  the 
Society,  where  they  may  be  examined  by  those  specially  interested. 

4.60  ft.  The  results,  obtained  by  applying  the  trial  formula  to  the 
Francis  experiments  without  correcting  for  velocity  of  approach,  are 
shown  by  the  points,  at  the  right  of  the  figure,  through  which  a  full 
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TABLE  C— Sharp-Crested  Weirs. 

Values  of  m  and  n  to  be  used  in  the  equation,  Q  =  m  /i",  for  computing 
the  discharge,  in  cubic  feet  per  second  per  foot  of  length  of  weir, 
and  the  limiting  value  of  the  heads  to  be  used  in  the  correspond- 
ing equation. 


(0 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Limits  of  Head, 

No.  of 
table. 

Height 

of 

weir. 

n. 

Log.  m. 

m. 

IN  Feet. 

Name  of  experimenter. 

Upper. 

Lower. 

1 

11.25 

1.5329 

0.5117 

3.249 

5.00 

2.00 

Application  of   Bazln's    For- 

1.4879 

0.5353 

3.351 

2.00 

0.70 

mula  by  Dr.  Schoder. 

1.4567 

0.5304 

3.314 

0.70 

0.40 

1.4161 

0.5041 

3.192 

0.40 

0.10 

2 

11.25 

1.5:346 

0.5116 

3.248 

4.90 

2.00 

Application  of    Bazin's  For- 

1.4902 

0.5249 

3.349 

2.00 

0.70 

mula     by     Professor    Wil- 

1.4695 

0.5217 

3.334 

0.70 

0.40 

liams. 

1 .4130 

0.4990 

3.155 

0.40 

0.16 

3 

11.25 

1.5373 

0.5099 

3.235 

3.70 

2.00 

Cornell     Hydraulic    Labora- 

1.4767 

0.5280 

3.373 

2.00 

0.70 

tory. 

1.4593 

0.5253 

3.352 

0.70 

0.20 

4 

6.65 

1.5702 

0.5087 

3.236 

4.00 

2.00 

Cornell    Hydraulic     Labora- 

1.5035 

0.5285 

3.377 

2.00 

0.70 

tory. 

1.4631 

0.5221 

3.337 

0.70 

0.40 

1.3978 

0.4960 

3.133 

0.40 

0.11 

5 

6.65 

1.5671 

0.5101 

3.337 

5.00 

2.00 

Application  of    Bazin's   For- 

1.5070 

0.5283 

3.374 

2.00 

0.70 

mula    by    Professor    Wil- 

1.4675 

0.5221 

3.337 

0.70 

0.40 

liams. 

1.3595 

0.4790 

3.013 

0.40 

0.16 

6 

6.55 

1.4886 

0.5294 

3.384 

0.70 

0.40 

Weir  No.  3,  University  of  Utah 

1.4632 

0,5192 

3.305 

0.40 

0.20 

Hydraulic  Laboratory. 

7 

6.55 

1.5175 

0.5383 

3.. 374 

2.00 

0.70 

Fteley  and  Stearns. 

1.5024 

0.5360 

3.357 

0.70 

0.40 

8 

4.60 

1.5033 

0.5357 

3.355 

1.00 

0.70 

J.  B.  Francis. 

8A 

1.4964 

0.5314 

3.322 

1.00 

0.70 

J.  B.  Francis. 

9 

3.72 

1.5133 

0.5358 

3.4.34 

1.15 

0.70 

Bazin. 

1.4896 

0.5334 

3.407 

0.70 

0.40 

1.4749 

0.5365 

3.361 

0.40 

0.18 

10 

3.72 

l.,5101 

0.5.356 

3.433 

1.40 

0.70 

Bazin. 

1.5024 

0.5.343 

3.422 

0.70 

0.40 

1.4537 

0.5150 

3.273 

0.40 

0.18 

11 

3.72 

1.50.58 

0.5340 

3.342 

1.40 

0.70 

Weir     No.   1,  Uuiver.sity    of 

1.5019 

0.5233 

3.336 

0.70. 

0.40 

Utah    Hydraulic      Labora- 

1.4549 

0.5043 

3.193 

0.40 

0.13 

tory. 

13 

3.65 

1.5133 

0.5363 

3.360 

1.75 

0.70 

Cornell  Hyd.  Lab. 

13 

3.56 

1.5118 

0 . 5277 

3.371 

0.90 

0.70 

Fteley  and  Stearns. 

1.5029 

0.5362 

3.351 

0.70 

0.40 

1.47.S4 

0..5165 

3.285 

0.40 

0.14 

14 

3.31 

1.5209 

0.5365 

3.440 

2.00 

0.70 

Bazin. 

1.4860 

0.5311 

3.397 

0.70 

0.40 

1.46:2 

0.5313 

3.320 

0.40 

0.18 

15 

3.17 

1.5348 

0.5421 

3.484 

0.90 

0.70 

Fteley  and  Steams. 

1.5235 

0..5403 

3.469 

0.70 

0.40 

1.4627 

0.5162 

3.382 

0.40 

0.10 

16 

2.60 

1.5075 

0.5286 

3.. 378 

1.00 

0.70 

Fteley  and  Steams. 

1.49S0 

0.5271 

3.366 

0.70 

0.40 

1.4998 

0.5279 

3.372 

0.40 

0.35 

17 

2.47 

1.5631 

0.5534 

3.495 

1.40 

0.70 

Bazin. 

1.50.56 

0..5447 

3.505 

0.70 

0.40 

18 

2.47 

1.5403 

0.5456 

3.512 

1.60 

0.70 

Bazin. 

1.5074 

0.5406 

3.472 

0.70 

0.40 

19 

3.23 

1.5472 

0.5374 

3.447 

1.60 

0.70 

Cornell  Hyd.  Lab. 

20 

1.70 

1.5409 

0,5417 

3.481 

1.00 

0.70 

Fteley  and  Stearns. 

1.5169 

0.5381 

3.452 

0.70 

0.40 

1.5026 

0.5323 

3.406 

0.40 

0.18 
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TABLE  C— (Continued.) 


(I) 

(a) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Limits  of  Head, 

No.  of 

Height 
of 

IN  F 

EKT. 

Name  of  experimenter. 

table. 

Ji. 

Log.m. 

m. 

weir. 

Upper. 

Lower. 

21 

1.64 

1.5938 

0.5636 

3.661 

1.40 

0.70 

Bazin. 

1.6179 

0.5519 

3.564 

0.70 

0.40 

1.47T5 

0.5857 

3.433 

0.40 

0.28 

22 

1.64 

1.5716 

0.5575 

3.610 

1.50 

0.70 

Bazin. 

1.5381 

0.5505 

3.552 

0.70 

0.40 

1.5000 

0.5397 

3.465 

0.40 

0.32 

23 

1.64 

1 .5:«S 

0.5608 

3.637 

0.70 

0.40 

Weir  No.  3.  University  of  Utah 

1.5000 

0.5473 

3.526 

0.40 

0.12 

HydrauHc  Laboratory. 

21 

1.16 

1.5985 

0.5780 

3.784 

1.00 

0.70 

Bazin. 

1.5595 

0.5719 

3.732 

0.70 

0.40 

1.5025 

0.5490 

3.459 

0.40 

0.28 

25 

1.14 

1.6155 

0.5720 

3.733 

1.40 

0.70 

Bazin. 

1.5:i50 

0.5595 

3.627 

0.70 

0.40 

1.5181 

0.5526 

3.569 

0.40 

0.28 

26 

1.00 

1.61-19 

0.5732 

3.743 

0.90 

0.70 

Fteley  and  Stearns. 

1.5525 

0.5635 

3.660 

0.70 

0.40 

1.5250 

0.5524 

3.568 

0.40 

0.18 

27 

0.79 

1.6389 

0.5894 

3.885 

1.40 

0.70 

Bazin. 

1.5691 

0.5789 

3.792 

0.70 

0.40 

1.53r3 

0.5661 

3.682 

0.40 

0.28 

28 

0.50 

1.7088 

0.6265 

4.232 

0.90 

0.70 

Fteley  and  Stearns. 

1.6112 

0.6111 

4.084 

0.70 

0.40 

1.5668 

0.593,-! 

3.920 

0.40 

0.18 

right  line  is  drawn.  The  points  in  the  left-hand  portion  of  the  figure, 
through  which  two  broken  lines  are  drawn,  show  the  results  obtained 
when  a  correction  is  made  for  velocity  of  approach. 

(c). — Fteley  and  Stearns  Experiments. — The  Fteley  and  Stearns 
experiments  and  the  results  of  computations  made  on  them  are  given 
in  Tables  7,  13,  15,  16,  20,  2G,  and  28,  and  the  plottings  showing  the 
trial  equation,  the  adopted  equations,  the  results  of  the  final  diagram, 
and  the  degree  of  accuracy  with  which  these  fit  the  original  experi- 
ments, are  on  Figs.  T,  13,  15,  and  16,  of  Plate  LXXXVIa,  and  Figs. 
20,  26,  and  28,  of  Plate  LXXXVIt.  The  curves  of  these  equations 
are  brought  together  on  Plates  LXXXVII  and  LXXXVIII,  where 
they,  with  others,  are  plotted  on  the  same  axes,  for  purposes  of  com- 
jiaripon. 

Tlie  lieads  on  the  Fteley  and  Stearns  weirs,  of  heights  3.56,  2.60, 
1.70,  1.00,  and  0.50  ft.,  were  measured  with  a  device  similar  to  that 
used  by  Mr.  Francis,  or  similar  to  the  Cornell  6-ft.  Francis  piezome- 
ter.* and  therefore  no  correction  has  been  applied  to  them. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XII,  p.  9. 
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Values  of  m  and  n  to  be  used  in  the  equation,  Q  =  m  /i",  for  computing 
the  discharge,  in  cubic  feet  per  second  per  foot  of  length,  and 
the  limiting  values  of  the  heads  to  be  used  in  the  corresi^onding 
equations. 


(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Limits  op  Head, 

IN  Feet. 

No.  of 

Width  of 
crest. 

n. 

Log.  m. 

m. 

Cornell 

table. 

model. 

Upper. 

Lower. 

38 

5%  in. 

1.5053 

0.5223 

3.329 

2.00 

0.81 

XL 

1.7428 

0..5445 

3.503 

0.81 

0.36 

1.4285 

0.4055 

2.544 

0.36 

0.12 

39 

11^  in. 

1.5097 

0.5207 

3.317 

2.95 

1.72 

XLVII 

1.6837 

0.4797 

3.018 

0.70 

0.70 

1.6210 

0.4698 

2.950 

0.40 

0.40 

40 

19%  In. 

1.5381 

0.5076 

3.218 

4.00 

3.00 

XLI 

1.6943 

0.4402 

2.756 

3.00 

0.74 

1.4224 

0.4072 

2.554 

0.74 

0.11 

41 

3.irft. 

1.6505 

0.3925 

2.469 

3.10 

1.50 

XLVI 

1.4746 

0.4246 

2.658 

1.50 

0.50 

42 

5.85  ft. 

1.4900 

0.4231 

2.651 

2.00 

0.70 

XLV 

1.43.38 

0.4155 

2.603 

0.70 

0.50 

43 

8.96  ft. 

1.4913 

0.4245 

2.658 

3.10 

0.70 

XLIV 

1.4306 

0.4150 

2.600 

0.70 

0.50 

44 

12.25  ft. 

1.6006 

0.3696 

2.342 

5.00 

3.00 

XLII 

1.4590 

0.4369 
0.4;io7 

2.7.35 

3.00 

1.05 

1.5237 

2.727 

1.05 

0.17 

45 

16.29  ft. 

1.5305 

0.4078 

2.557 

4.50 

2.50 

XLIII 

1.4797 

0.4276 

2.677 

2.50 

0.70 

46 

16.29  ft. 

1.5561 

0.4301 

2.692 

1.00 

0.76 

XLIIIa 

1.45.30 

0.4178 

2.617 

0.76 

0.16 

During  each  series  of  experiments  on  these  weirs*  the  quantity  of 
water  flowing  was  kept  constant;  and  as  one  of  these  (that  with  height 
3.56  ft.)  was  the  standard  weir,f  the  quantity  discharged  in  each  series 
has  been  computed  by  using  the  heads  on  this  weir,  in  the  formula, 
Q  =  m  /ii-*»27^  in  which  log.  m  =  0.5239. 

How  well  this  formula  fits  the  experiments  made  for  rating  this 
weir  is  shown  by  the  heavy  broken  line  in  Fig.  13,  Plate  LXXXVIa, 
For  a  head  of  0.151  ft,  the  computed  discharge  is  1.01%  too  small, 
according  to  the  one  experiment  with  this  low  head ;  and,  for  the  high- 
est head  used,  namely,  0.805  ft.,  the  computed  discharge  is  0.48%  too 
small.  For  heads  between  these  limits,  the  formula  gives  some  dis- 
charges a  little  more  than  0.4%  too  large. 


*  Transactions,  Am.   See.  C.  E.,  Vol.  XII,  p.  54. 
t  Transactions,  Am.  See.  C.  E.,  Vol.  XII,  p.  110. 
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TAl'.LK  K. — Ikkixulak-Cjiksted  Wkirs  of  IIioiit-Line  Sections. 

^'aliu's  of  ))i  and  ?!.  to  he  used  in  the  equation,  Q  =  m  /i",  for  computing 
the  discharge,  in  cubic  feet  per  second  per  foot  of  length,  and  the 
Hiniting  values  of  the  heads  to  be  used  in  the  corresponding 
equations. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Limits  of  Head, 

No.  of 

IN  Feet. 

Cornell 

Dam  on 

table. 

(1. 

Log.  rn. 

ni. 

model. 

weir. 

Upper. 

Lower. 

18 

1.4978 

0.5278 

3.371 

1.80 

0.80 

XXI 

47 

1.4848 

0.5393 

3.462 

4.00 

0.32 

XI 

48 

1.4479 

0.5704 

3.719 

2.00 

0.85 

XXII 

Cambria. 

1.5912 

0.5815 

3.815 

0.85 

0.40 

49 

1.5592 

0.5570 

3.606 

2.80 

2.00 

XXVI 

Cambria. 

1.4986 

0.5753 

3.761 

2.00 

1.10 

50 

1.5472 

0.5556 

3.594 

2.80 

1.60 

XXIII 

Cambria. 

1.5083 

0.5033 

3.6.58 

1.60 

0.40 

51 

1..T576 

0.5553 

3.592 

2.80 

1.35 

XXIV 

Cambria. 

62 

1.5200 

0.5640 

3.664 

1.40 

0.32 

XXV 

Cambria. 

53 

1.6705 

0.4685 

2.941 

4.00 

1.90 

XXVII 

Lawrence. 

1.5180 

0.4972 

3.142 

1.90 

0.32 

54 

1.5278 

0.5422 

3.485 

1.00 

0.40 

XX 

55 

1.6311 

0.4625 

2.901 

3.65 

1.60 

XXVII 

Lawrence. 

1.4920 

0.4901 

3.091 

1.60 

0.63 

1.4507 

0.4819 

3.033 

0.63 

0.28 

65 

1.5365 

0.55.O0 

3.589 

4.00 

1.00 

L 

1.4.558 

0.55.50 

3.5K9 

1.00 

o.a5 

66 

1.5343 

0.. 5.563 

3.600 

4.00 

1.00 

LI 

1.6363 

0.5563 

3.600 

1.00 

0.28 

However,  as  0.944  ft.  is  the  highest  and  0.188  ft.  the  lowest  head 
used  in  calculating  these  discharges,  and  as  neither  of  these  gives  a 
discharge  differing  more  than  0.5%  from  that  actually  measured  vol- 
umetrically;  and,  further,  as  the  results  obtained  by  Bazin,  when  ex- 
perimenting on  the  same  weirs  at  different  times,  differ  by  percentages 
much  greater  than  this,  it  is  not  deemed  necessary  to  repeat  this  work, 
using  the  formulas  adopted  for  this  weir  instead  of  that  above  given. 

As  a  matter  of  fact,  the  discharges  for  all  tlie  runs  over  the  Fteley 
and  Stearns  weirs  had  been  computed  by  the  formula,  g  =  m  /ii-4927^ 
in  which  log.  m  =  0.5239,  or  m  =  3.341,  and  these  results  were 
thought  to  be  very  satisfactory  until  the  present  method  of  determin- 
ing equations  had  been  discovered. 

The  heads  on  the  Fteley  and  Stearns  weir  of  height  3.17  ft.,  and 
having  a  length  of  5.00  ft.,*  were  measured  with  a  piezometer  which 
took  the  water  pressure  from  near  the  bottom  of  the  canal  6  ft.  up 
stream  from  the  weir.f 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  XII,  p.  56. 

t  Transactions,  Am.   Soc.   C.   E.,   Vol.   XII,   p.   53. 
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TABLE  F. — Irregular-Crested  Weirs  of  Right-line  and 
Curved  Sections. 

Values  of  m  and  n  to  be  used  in  the  equation,  Q  =^  m  h  ,  for  computing 
the  discharge,  in  cubic  feet  per  second  per  foot  of  length,  and  the 
limiting  values  of  the  heads  to  be  used  in  the  corresponding  equations. 


(1) 

(2) 

(3) 

(4) 

'5' 

(6) 

(7) 

(8) 

Limits  op  Head, 

IN  Feet. 

No.  of 
table. 

n. 

Log.  m. 

m. 

Cornell  model. 

Dam  on  weir. 

Upper. 

Lower. 

56 

1.5217 

0.4790 

3.013 

1.40 

0.56 

Francis  model. 

Lawrence. 

57 

1.5822 

0.5310 

3.396 

3.20 

0.40 

XXX 

Plattsburg. 

58 

1.5716 

0.5451 

3.508 

2.80 

0.56 

XXXIII 

Plattsburg. 

59 

1.6226 

0.5398 

3.466 

3.2U 

0.63 

XXXIV 

Plattsburg. 

60 

1.6063 

0.5163 

3.283 

4.00 

0.48 

XXXV 

Chambly. 

1.4576 

0.4846 

3.052 

0.48 

0.08 

61 

1.5941 

0.5217 

3.-324 

2.80 

1.25 

XXXVI 

Chambly. 

1.5555 

0.5255 

3.354 

1.25 

0.48 

62 

1.4074 

0.5736 

3.746 

3.55 

1.60 

XXXVIII 

Dolgevllle. 

1.5752 

0.54fJl 

3.468 

1.60 

0.40 

63 

1.4425 

0.5546 

3.586 

4.00 

1.25 

XXXIX 

Dolgeville. 

1.5081 

0.5481 

3.533 

1.25 

0.40 

64 

1.5220 

0.5570 

3.606 

3.20 

1.25 

XLVIII 

1.4818 

0.5609 

3.638 

1.25 

0.50 

65 

1.5365 

0.5550 

3.589 

4.00 

1.00 

L 

1.4558 

0.5550 

3.589 

1.00 

0.35 

67 

1.5180 

0.5582 

3.616 

3.30 

0.63 

XLIX 

The  Cornell  float  piezometer  was  designed  to  duplicate  this  device 
used  for  measuring  heads  by  Fteley  and  Stearns;  therefore,  the  cor- 
rections necessary  to  reduce  heads  thus  measured  to  equivalent  15-ft. 
tape  readings,  as  shown  on  Plate  XCIII,  have  been  applied,  except  that 
for  heads  of  less  than  1  ft.  the  correction  has  been  made  to  decrease 
uniformly  from  0.007  for  a  1-ft.  head  to  0  at  the  origin. 

(d). — Bazin  Experiments. — The  results  of  Bazin's  experiments,* 
Series  1  to  10,  inclusive,  and  of  computations  made  on  them,  are  given 
in  Tables  9,  10,  14,  17,  18,  21,  22,  24,  25,  and  27,  and  the  plottings 
showing  the  trial  equation,  the  adopted  equations,  the  results  of  the 
final  diagram,  and  the  degree  of  accuracy  with  which  these  fit  the 
original  experiments,  are  shown  in  Figs.  9,  10,  14,  of  Plate  LXXXVIa^ 
and  Figs.  17,  18,  21,  22,  24,  25,  and  27  of  Plate  LXXXVI&. 

The  curves  of  these  equations  are  brought  together  on  Plates 
LXXXVII  and  LXXXVIII,  where  they,  with  others  of  this  class,  are 
plotted  on  the  same  axes,  for  purposes  of  comparison. 

•  Experiments  by  M.  Bazin,  Inspector-General  of  Bridges  and  Highways,  pub- 
lished in  Annales  des  Fonts  et  Chaussees,  October,  1888,  and  January,  1890. 
Translated  by  Arthur  Marichal  and  John  C.  Trautwine,  Jr.,  and  published  in 
Volumes  VII,  IX,  and  X,  Proceedings,  Engineers'  Club  of  Philadelphia. 
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Tlie  method  used  by  Bazin  for  measuring  heads  is  described  on 
pages  1585  and  1586.  The  heads,  as  originally  measured,  have  been  re- 
duced to  equivalent  15-ft.  tape  readings  by  applying  to  them  the  nec- 
essary corrections,  as  shown  on  Plate  XCIII.  The  heads,  as  originally 
measured,  and  the  equivalent  tape  readings,  are  given  in  the  above- 
named  tables. 

The  quantities  of  discharge,  for  Bazin's  Series  1,  2,  and  3,  are  taken 
from  the  tabulation  of  his  experiments,  but  he  does  not  give  the  quan- 
tities of  discharge  for  the  other  seven  series;  therefore,  for  the  purpose 
of  determining  these  quantities,  the  curve  shown  on  Plate  XCIV  was 
constructed  by  using  the  heads,  in  meters,  as  ordinates  and  the  quan- 
tities of  discharge,  in  cubic  feet  per  second  per  foot  of  length  of  weir, 
as  abscissas. 

The  points  plotted  were  determined  by  using  the  heads  and  quan- 
tities given  in  Bazin's  Series  1  and  2.  These  two  series  contain  all 
the  experiments  made  on  Bazin's  standard  weir. 

The  quantities  of  discharge  for  Series  1  and  2  were  measured  vol- 
umetrically,  as  were  also  those  for  Series  3.  Por  the  remaining  seven 
series,  however,  only  the  head  on  the  standard  weir  is  given;  and  with 
this  quantity,  given  in  meters,  by  using  the  curve  on  Plate  XCIV,  the 
discharges,  in  cubic  feet  per  second  per  foot  of  length  of  weir,  were 
found. 

(e). — Cornell  Experiments  on  Sharp-Crested  Weirs. — The  Cornell 
experiments  of  this  class,  including  Series  XXIX,  XXIXa,  XI,  and 
XXI  (Figs.  16,  17,  18,  and  19),  and  the  results  of  computations  made 
on  them,  are  given  in  Tables  3,  4,  12,  and  19,  and  in  Figs.  3,  4,  and 
12,  of  Plate  LXXXVIa,  and  Fig.  19  of  Plate  LXXXVI6. 

The  curves  of  these  equations  are  brought  together  on  Plates 
LXXXVII  and  LXXXVIII,  where  they,  with  others  of  this  class,  are 
plotted  on  the  same  axes,  for  purposes  of  comparison. 

The  heads  in  these  experiments  were  measured  with  the  tapes  named 
in  the  tables.  The  experiments  in  Series  XXIX  and  XXIXa^  marked 
s,  were  made  in  April,  1903;  those  marked  /  were  made  in  Octo- 
ber, 1903.  The  experiments  in  Series  XI  were  made  in  October,  1902; 
those  in  Series  XXI,  in  November,  1902. 

(f). — Utah  Experiments. — The  Utah  experiments  of  this  class  were 
made  on  three  weirs:  No.  1,  3.72  ft.  high  and  1.77  ft.  long;  No.  2,  6.65 
ft.  high  and  6.55  ft.  long;  and  No.  3,  1.64  ft.  high  and  6.53  ft.  long 


1556  WEIR   MEASUREMENT   OF   STREAM   FLOW  [Papers. 

(see  Figs  Y,  8,  9,  and  13).  The  water  was  caught  and  measured  in 
the  concrete  measuring  basin  of  the  hydraulic  laboratory  of  the  Uni- 
versity of  Utah  (Figs.  7,  8,  11,  and  13).  The  heads  were  measured 
with  the  tapes  named  in  the  tables.  These  experiments  were  made  by 
the  students  doing  work  in  this  laboratory  from  October,  1907,  to  May, 
1911.  The  results  of  the  experiments  and  of  computations  made  on 
them  are  shown  in  Tables  6,  11,  and  23,  and  in  Figs.  6  and  11,  of 
Plate  LXXXVIa,  and  Fig.  23  of  Plate  LXXXVI&. 

The  curves  of  these  equations  are  brought  together  on  Plates 
LXXXVII  and  LXXXVIII,  where  they,  with  others  of  this  class,  are 
plotted  on  the  same  axes,  for  purposes  of  comparison. 

{g). — Bazin  Formula  and  Cornell  Standard  Weirs. — Besides  the 
curves  for  the  foregoing  experiments  on  sharp-crested  weirs  without 
end  contractions,  there  are  also  shown  on  Plate  LXXXVIa  three 
curves  which  give  the  results  obtained  by  substituting  assumed  heads 
in  Bazin's  formula  (see  page  1529)  for  weirs  of  this  class. 

Table  1  gives  the  results  Dr.  E.  W.  Schoder,  Assoc.  M.  Am.  Soc. 
C.  E.,  obtained  by  substituting  assumed  heads  in  Bazin's  formula  for 
a  weir  of  height  11.25  ft.,  also  some  computations  on  these  results. 
Fig.  1,  Plate  LXXXVIa^  gives  the  trial  equation  and  the  adopted 
equations  applied  to  these  results,  and  shows  the  degree  of  accuracy 
with  which  they  fit. 

Tables  2*  and  5  give  the  results  Professor  Williams  obtained  by 
substituting  assumed  heads  in  Bazin's  formula  for  weirs  of  heights 
11.25  ft.  and  6.65  ft.,  and  some  computations  on  these  results. 

Figs.  2  and  5,  Plate  LXXXVIa,  give  the  trial  equation  and  the 
adopted  equations  applied  to  these  results. 

These  last  two  curves  are  of  especial  interest.  The  data  which 
determined  them,  with  the  heads,  as  originally  assumed,  are  the  same 
as  those  used  for  constructing  the  diagrams  (page  1587)  in  the  Hy- 
draulic Laboratory  of  Cornell  University;  from  these  diagrams  the 
discharges  of  these  two  standard  weirs  were  read. 

(2). — For  Broad-Crested  Weirs. 
The  broad-crested  weirs  herein  considered  were  built  over  the  weir 
at  the  upper  end  of  the  canal  in  the  Hydraulic  Laboratory  of  Cornell 
University.     General  cross-sections  of  these  models  are  shown  on  Plate 

*  Tables  2  to  67,  Inclusive,  and  Tables  A  and  B  are  not  reproduced  herein, 
but  are  filed  in  the  Library  of  the  Society. 
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XC,  and  detailed  draAvings  are  reproduced  in  Figs.  16,  17,  and  20  to  27, 
inclusive.  The  water  after  passing  over  these  models  flowed  through 
the  canal  and  was  measured  by  the  lower  standard  weir,  of  height  6.65 
ft.  The  space  under  the  falling  sheet  in  these  experiments  was  only- 
pa  rtlj'  aerated.  The  experiments  were  made  during  June  and  July, 
1903. 

The  results  of  these  experiments  are  given  in  Tables  1  to  5  and 
3S  to  46,  inclusive,  and  the  plottings  showing  the  trial  equation,  the 
adopted  equations,  the  results  of  the  final  diagram,  and  the  degree  of 
accuracy  attained,  are  shown  on  Plate  LXXXIX.  The  curves  of  these 
equations  are  brought  together  on  Plate  XC,  where  they  are  plotted  on 
the  same  axes,  for  the  purpose  of  comparing  the  results. 

The  adopted  equations  for  these  weirs  and  the  limits  of  the  heads 
between  which  each  may  be  applied  are  given  in  Table  D. 

«'■-**' 


H" 
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CORNELL  STANDARD  WEIR. 
SERIES  XXIX. 
Fig.   16. 


SERIES  XXIXa. 

Fig.  17. 


(3). — For  Irregular  Weirs  with  Cross-Sections  of  Right  Lines, 

All  the  models  of  weirs  of  this  class  were  constructed  in  the  Cor- 
nell Hydraulic  Laboratory,  at  the  lower  end  of  the  canal,  over  the 
weir  of  height  6.65  ft.,  and  the  water  flowing  over  them  was  measured 
by  the  upper  weir,  of  height  11.25  ft.  General  cross-sections  of  these 
models  are  shown  on  Plate  LXXXIV,  and  detailed  drawings  are  re- 
produced in  Figs.  17  to  19,  28  to  34,  inclusive,  43  and  44.  The  results 
of  these  experiments  are  given  in  Tables  3,  4,  12,  37  to  55,  inclusive, 
and  also  65  and  66.  The  plottings  giving  both  the  trial  equation  and 
the  adopted  equations  and  showing  their  accuracy  are  shown  on  Plates 
XCIa  and  XCI?>.     The  curves  of  these  equations  are  brought  together 
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CORNELL  MODEL  XXI. 
Fig.   18. 


CORNELL  MODEL  XL 


Fig.  19. 
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with  others  of  a  simihir  character,  on  Plate  LXXXIV,  where,  for 
purposes  of  comparison,  they  are  plotted  on  the  same  axes.  The  ex- 
periments of  Series  XX  and  also  those  of  Series  XXII,  XXIII,  XXIV, 
and  XXVI  were  made  in  November,  1902.  Three  of  the  runs  or  ex- 
periments of  Series  XXVII  were  made  in  December,  1902,  the  others 
in  April,  1903. 

In  Series  XXIV,  XXV,  and  XXVI  there  was  no  aeration  behind 
the  falling  sheet,  but  in  the  other  series  a  free  access  of  air  was  pro- 
vided. 

The  adopted  equations  for  these  weirs  and  the  limits  of  the  heads 
between  which  they  may  be  applied  are  given  in  Table  E. 
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CORNELL  MODEL  XL. 
Fig.  20. 


CORNELL  MODEL  XLVII. 
Fig.  21. 


CORNELL  MODEL  XLl, 
Fio.   22. 


(4). — For   Irregular   Weirs   with   Cross-Sections   of  Right  Lines   and 

Curves. 

Most  of  the  models  of  the  weirs  and  dams  of  this  class  were  built 
in  the  Cornell  Laboratory  over  the  high  weir  at  the  upper  end  of  the 
canal.  General  cross-sections  of  these  models  are  shown  on  Plate 
LXXXV,  and  detailed  drawings  are  reproduced  in  Figs.  16,  35  to  43, 
inclusive,  and  45.  Provision  was  made  in  all  cases  for  a  free  access 
of  air  behind  the  falling  sheet.  These  experiments  were  made  during 
May  and  June,  1903. 

The  results  obtained  are  given  in  Tables  56  to  65,  inclusive,  and 
in  Table  67,  and  the  plottings,  with  both  the  trial  equation  and  the 
adopted  equations,  also  the  degree  of  accuracy  attained,  are  shown  on 
Plates  XCIa  and  XCI&. 
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The  curves  of  these  equations  are  brought  together  on  Plate 
LXXXV.  Table  F  gives  the  adopted  equations  for  these  weirs  and 
the  limits  of  the  heads  between  which  each  may  be  applied. 

G. — Similarity  of  the  Curves  That  Represent  the  Adopted  Formulas. 
Before  taking  up  a  comparison  of  the  discharges  over  weirs  of  sim- 
ilar or  nearly  similar  cross-sections,  attention  will  be  drawn  to  Plates 
LXXXVIa,  LXXXVI&,  LXXXIX,  XCIa,  and  XCI&,  on  which  the 
adopted  equations  and  their  loci  for  sharp  crests,  broad  crests,  and 
irregular  crests,  respectively,  are  shown. 
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CORNELL  MODEL  XLVl. 
Fig.   23. 


CORNELL  MODEL  XLV. 
Fig.   24. 


CORNELL  MODEL  XLIV. 
Fig.   25. 


(1).— For  Sharp  Crests— Plates  LXXXVIa  and  LXXXVI&. 

The  curves  for  experiments  on  sharp-crested  weirs  without  end  con- 
tractions are  shown  on  Plates  LXXXVIa  and  LXXXVI&.  Although 
these  "curves"  are  made  up  of  right  lines,  it  would  be  almost  impossible 
to  draw  any  line  of  any  curvature  which  would  fit  these  experiments 
better  than  do  these  adopted  right  lines. 

On  these  plates,  as  arranged  originally,  an  independent  series  of 
right  lines  was  drawn,  fitting  the  experiments  with  accuracy.  These 
results,  however,  were  not  of  great  value  in  a  general  way,  as  one  curve 
was  applicable  to  only  one  set  of  experiments,  and  the  scale  on  which 
the  plates  were  made  exaggerated  the  differences  and  led  to  confusion. 
For  this  reason,  it  was  decided  to  make  the  lines  or  curves  intersect 
in  the  same  horizontal  lines.  The  two  lines,  log.  h  =  —  0.01550  and 
log.  /i  =  —  0.3979,  were  selected  as  those  on  which  the  lines  repre- 
senting the  experiments  should  be  broken.      These  lines  indicate  heads 
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of  0.70  and  0.40  ft.,  respectively.  It  will  be  observed,  however,  that 
in  the  left-hand  portion  of  Plate  LXXXVIa  five  sets  of  plottings  ha,ve 
been  divided  into  four  parts,  each  of  which  is  represented  accurately  by 
a  straight  line.  The  additional  line  of  division  is  log.  h  =  0.3010,  or 
/(  =  2.00  ft.  These  results  were  easily  compared  and  compiled  in  a 
general  diagram. 

(2). — For  Irregular  Weirs  and  Broad-Crested  Weirs — Plates  LXXXIX, 

XCIa,  and  XCIfe. 

Although  there  is  not  sufficient  similarity  in  the  cross-sections  of 
the  irregular  weirs  here  shown,  or  in  the  results  of  the  experiments  on 
them,  to  warrant  an  attempt  to  devise  a  general  diagram  for  such 
structures,  there  is  a  similarity  in  the  results  obtained  from  the  ex- 
periments on  broad-crested  weirs  which  naturally  produces  the  general 
diagram,  Plate  LXXXIII. 


CORNELL  MODEL  XLII 
Fig.  26. 


CORNELL  MODEL  XLlll  AND   XLIIIa 
Fig.   27. 


n.—Use  of  the  Scales  on  Plates  LXXXVIa,  LXXXVIh,  LXXXIX, 
XCI  a,  and  XCI  h,  and  Method  of  Constructing  Them. 

By  use  of  the  scales  on  Plates  LXXXVI  a,  LXXXVI  h,  LXXXIX, 

XCI  a,  and  XCI  h,  the  method  of  constructing  which  is  described 
below,  the  accuracy  with  which  any  particular  experiment  fits  the 
adopted  line  or  formula  can  be  seen  at  once,  and  can  be  read  to  the 
nearest  tenth  of  1  per  cent. 

Let  log.   Q  be  the  logarithm  of  the  discharge  represented  by  any 
point  on  the  diagram,  and  let  p  be  any  percentage  of  this  discharge, 
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CAMBRIA  WEIR  CORNELL  MODEL  XXII. 

Fig.   28. 


CAMBRIA  WEIR.         CORNELL  MODEL  XXVI 
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CAMBRIA  WEIR.        CORNELL  MODEL  XXJll. 


Fio.  30. 


CAMBRIA  WEIR  CORNELL  MODEL  XXIV. 


Fig.    31. 
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CAMBRIA  WEIR,         CORNELL  MODEL   XXV, 


Fig.  32. 


LAWRENCE  DAM.         CORNELL  MODEL  XXVII. 


Fig.  33. 


COMPARISON  OF  THE   RESULTS  08TSINEO 
BY  TAKING  SIMULTANEOUS  MEASUREMENTS 

IN  NINE  DIFFERENT  WAYS 

OF  THE  DEPTH  OF   WATER  ON  THE  CREST 

OF  THE  CORNELL  STANDARD  WEIR 


Mur«)brU.e.Woda 


Q 


€ 


Papers.] 


WEIR   MEASUREMEXT   OF   STREAM    FLOW 


15G5 


Q.      To    find    the    distance,   D,   between   the    points,    log.    Q    and   log. 

D  =  log.  (Q  +  pQ)  -  log.  Q 

=  log.  [Q  (1  +  p)]  —  log.  Q  =  log.  Q  +  log.  (1  +  p)  —log.  Q 
=  log.  (1  +  p). 

Therefore,  if  p  is  1%, 

D  =  log.  1.01  =  0.004.3. 
If  p  is  2%, 

Z)  =  log.  1.02  =  0.0086. 
If  p  is  3%, 

Z>  =  log.  1.03  =  0.0128,  etc.,  etc. 


"*J 


56.8— ^,,yS;^f\  i       f 


CORNELL  MODEL  XX. 


Fig.  34. 
These  values  are  plotted  to  make  the  scales  drawn  on  each  of  these 
plates. 

If  p  is  negative,  the  quantity  within  the  parentheses  is  less  than 
log.  Q,  then 

D  =  log.  Q  —  log.  (<3  —  pQ), 
OT    D  =  log.  (1  —  p). 

n  p  =  1%,  X>  =  log.  0.99  =  9.99.56  =  —  0.0044. 
If  p  =  2%,  D  =  log.  0.98  =  9.9912  =  —  0.0088. 
If  p  =  3%,  D  =  log.  0.97  =  9.9868  =  —  0.0132. 
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Therefore  these  scales,  which  are  constructed  from  positive  values 
of  p,  will  only  give  correct  results,  technically,  if  the  smaller  quantity 
of  discharge  involved  is  used  as  the  base. 


plattsburg  dam. 
cornell  model  xxx. 
Fig.  35. 


PLATTSBURG   DAM. 

CORNELL  MODEL  XXXIII. 

Fig.  36. 
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PLATTSBURG   DAM. 
CORNELL    MODEL  XXXIV. 
Fig.  37. 


CHAMBLY   DAM. 
CORNELL  MODEL  XXXV. 

Fig.  38. 


/. — Method  of  Constructing  the  Final  Diagrams. 
(1). — General  Statement. 

Plates  LXXXIV,  LXXXV,  LXXXVII,  LXXXVIII,  and  XC  are 
designed  to  show  the  relation  that  exists  between  the  discharges  of 
similar  weirs. 

To  put  the  loci  of  the  adopted  equations  of  similar  weirs  on  the 
same  plate  and  to  refer  them  to  the  same  axes,  it  is  only  necessary 
to  find  two  points  on  the  locus  of  each  equation  and  then  draw  that 
locus  between  the  two  lines  that  represent  the  logarithms  of  the  limit- 
ing values  of  h  to  which  the  equation  is  to  be  applied. 


PLATE  XCIV. 

PAPERS,  AM.  SOC.  C.  E. 

SEPTEMBER,  1913. 

LYMAN  ON 

WEIH  MEASUREMENT  OF 

STREAM  FLOW. 


0.25 

O.lo  _ 

o 

0.24  ^"' 

5 

^ 

o 
0.24  ^' 

0.44 

5 

5 

i 

^ 

0.4»  '* 

0.2:) 

^ 

/- 

0.23 

0.43 

^ 

0.4!) 

^ 

^ 

0.42^ 

^' 

0.21 

/ 

X 

0.21 

0.41 

0.41 

0.20 

A 

^ 

0.20 

0.40 

^ 

0.40 

s 

s 

§ 

^ 

s 

°. 

H 

o 

0.19  ;; 

^ 

8 

g 

o 

3 

s 

S 

s. 

^. 

s 

0.39"^ 

^^ 

o 

3 

s 

S 

s 

s 

s 

0.18 

.5^ 

^0.18 

0.38 

0.38 

o.ir 

X 

/ 

0.1? 

o.sr 

^ 

^ 

0.37 

0.16 

y 

S^ 

0.36 

^ 

/<^ 

0.15 

/ 

0.35 

^ 

0.3.5 

0.14 

r^ 

/ 

0.34 

y^ 

0.34 

0.13 

/ 

/ 

0.13 

0.33^ 

.^^ 

g 

o 
d 

S 
d 
0.12 

g 

1 

/a 

3 

°. 

0.32 

i 

s 

s 

yi. 

0.32  " 

s 

s 

% 

s 

^ 

3 

£ 

s 

0.11  S>^ 

/ 

0.31 

.^ 

^ 

0.31 

0.10 

.^ 

0.10 

0.30j>' 

% 

DIAGRAM 

FOR  OBTAINING  THE  QUANTITY  OF  WATER 
FLOWING  OVER  THE  EXPERIMENTAL  WEIRS 

USED  BY  BAZIN  IN   HIS  EXPERIMENTS 

SERIES  4.5,6,  7,8,9,  AND  10 

Note:  The  poiots  were  obtained  by  plot- 
ting the  heads  and  quantities  obtained  by 
Bazin  when  ratinif  his  standai-d  weii-s .  See 
his  Series  1  and  2 . 

The  ordinates  represent  the  heads  on  the 
weir,  in  meters . 

The  abscissas  represent  the  discharge,  in 
cubic  feet  per  second  per  foot  length  of  weir. 
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The  two  lines  on  which  these  points  can  be  most  easily  located  are 
the  line,  log.  h  =  0,  and  the  line,  log.  h  =  —  1.  These  two  values 
of  log.  h,  substituted  in  the  equation  for  which  the  locus  is  desired, 
will  give  the  two  values  of  log.  Q  which  locate  the  two  points  sought; 
but  when  these  two  values  of  log.  Q  have  been  found,  one  may  be  a 
plus  0.50  and  the  other  a  minus  0.95.     If  the  horizontal  scale  desired 


CriAMBLY   DAM 

cornell  model  xxxvl, 
Fig.  39. 

k — 6' — t^f: 


DOLGEVILLE  DAM. 
CORNELL   MODEL  XXXVl 
Fig.  40. 


DOLGEVILLE  DAM. 

CORNELL  MODEL  XXXIX. 

Fig.  41. 


t^ 


- — 11. 


CORNELL  MODEL  XLVIII. 
FlO.   42. 


is  that  used  on  the  original  plotting  of  Plate  LXXXVIII,  namely,  2  in. 
for  each  unit  in  the  second  decimal  place  of  the  logarithm,  the  plus 
0.50  is  100  in.  to  the  right  of  the  origin  and  the  minus  0.90  is  190  in. 
to  the  left  of  it,  thus  requiring  the  drawing  to  be  290  in.  long,  in  order 
to  contain  the  part  of  the  locus  between  the  two  lines,  log.  ^  =  0  and 
log.  h  =  —  1.  If,  however,  the  zero  on  the  line.  log.  h  =  0,  be  brought 
to  the  left  until  the  point,  plus  0.50,  is  directly  over  the  minus  0.90, 
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then  the  line  drawn,  instead  of  making  a  very  small  angle  with  the 
horizontal,  will  be  vertical,  and  the  line,  log.  Q  =  0,  will  make  a  small 
angle  with  the  horizontal. 

In  this  new  position  the  zeros  of  the  two  reference  lines, 
log.  h  =  0.0000  and  log.  /t  =  —  1.0000,  are  290  in.  apart  horizontally 
and  10  in.  apart  vertically,  or  the  tangent  of  the  angle  that  the  line, 
log.  Q  ==  0.0000  makes  with  the  horizontal  is  10  -=-  290.     As  all  the 


CORNELL  MODEL  L 


Fig.  43. 


CORNELL  MODEL  LI 


6.65' H 

CORNELL  MODEL  XLIX. 
Fig.  45. 

log.  Q  lines  are  parallel,  this  is  the  tangent  of  the  angle  which  all  these 
lines  make  with  the  horizontal.  Knowing  this  angle,  if  one  point  on 
any  log.  Q  line  be  found,  the  line  can  be  drawn. 

Let  the  horizontal  line,  ab,  in  Fig.  B,  Plate  LXXXVI  h,  repre- 
sent the  line,  log.  h  =  0.00,  and  let  the  horizontal  line,  ed,  represent 
the  line,  log.  h  =  —  1.00.  The  zeros  of  these  two  lines  are  as  shown, 
and  the  line  joining  them  is  the  line,  log.  Q  =  0.0000.     Let  ch  be  any 
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other  log.  Q  line.  It  is  required  to  locate  this  line  on  the  drawing. 
Tlie  location  of  the  point,  t/is  known  from  the  value  of  the  logarithm 
•of  the  quantity  which  the  line,  ch,  is  to  represent;  but  this  point  may 
not  fall  within  the  limits  of  the  drawing.  However,  knowing  the 
tangent  of  the  angle  the  line  makes  with  the  horizontal,  and  the  loca- 
tion of  the  point,  h,  in  which  it  intersects  the  horizontal  line,  ah,  any 
two  points  on  the  line,  ch,  can  be  located  with  the  aid  of  a  simple  pro- 
portion, and  the  required  part  of  the  line  can  then  be  drawn.  In  the 
same  way  anj^  number  of  quantity  lines  may  be  constructed. 

Lines  representing  the  heads  are  readily  located,  as  they  are  drawn 
horizontally  through  points  on  the  axis  which  represent  the  logarithms 
of  the  heads  it  is  desired  thus  to  indicate. 

By  similar  methods,  Plates  LXXXIV,  LXXXV,  LXXXVII,  and 
XC  have  been  constructed.  The  co-ordinates  have  been  placed  at  a 
different  angle  from  that  used  in  the  construction  of  Plate  LXXXVIII. 
For  Plate  LXXXVII,  the  point,  +  0.40,  has  been  placed  over  —  0.78, 
so  that  the  zeros  are  118  in.  apart  horizontally.  For  Plates  LXXXIV, 
LXXXV,  and  XC,  the  point,  +  0.40,  has  been  placed  over  —  0.90,  so 
that  the  zeros  are  130  in.  apart  horizontally. 

(2). — For  Sharp-Crested  Weirs, 

(a). — Discharge  Over  Specific  Weirs  Used  in  Experiments. — The 
loci  of  the  adopted  equations  for  these  weirs  are  shown  on  Plates 
LXXXVI  a  and  LXXXVI  h.  The  constants  in  these  equations,  with 
the  limits  of  head  between  which  they  apply,  are  given  in  Table  C. 

For  comparison,  the  curves  are  brought  together  on  the  same  axes 
on  Plates  LXXXVII  and  LXXXVIII,  which  are  identical  except  for 
scale  and  angle  of  co-ordinates. 

It  will  be  seen  that  these  curves  are  all  more  or  less  similar,  and 
that  the  changes  in  form,  and  in  position  with  respect  to  the  locus 
of  the  trial  equation,  are,  in  general,  proportional  to  the  height  of 
the  weir. 

(h). — Effect  of  Friction  in  Channel  of  Approach. — How  well  justi- 
fied Bazin's  assertion  is  that  from  the  results  obtained  ho  could  find 
no  difference  in  the  discharge  per  foot  of  length  of  his  standard  weir 
of  height  3.72  ft.,  when  the  length  was  6.56  ft.  and  when  the  length 
was  3.28  ft.,  is  shown  by  the  two  curves  for  these  weirs.  The  shorter 
weir  gives  the  greater  discharges  for  heads  near  0.40  ft.,  and  for  higher 
heads  the  discharges  are  practically  the  same. 
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The  small  discharges  given  by  Bazin's  formula  for  heads  below 
0.5  ft.  when  applied  to  the  Cornell  weirs  justifies  the  assertion  repeat- 
edly made  by  Professor  Williams  that  the  experiments  on  these  weirs 
with  low  heads  are  not  reliable. 

(c). — Diagram  for  Discharge  Over  Any  Weir. — In  order  to  make 
a  general  diagram  for  weirs  of  this  class,  the  horizontal  distances  be- 
tween the  locus  of  the  trial  formula  (log.  Q  =  1.5000  log.  h  -j-  0.5000) 
and  the  loci  of  the  adopted  formulas  were  read  on  Plates  LXXXVI  a 
and  LXXXVI&  on  the  four  lines,  log.  h  =  —  0.1000,  log.  h  =  ~  0.1550, 
log.  h  =  —  0.3979,  and  log.  h  =  —  0.7000. 

The  two  inner  of  these  four  lines  were  selected  because,  a.s  previ- 
ously explained,  all  the  curves  have  been  made  to  intersect  in  them. 
The  other  two  were  selected  as  convenient  lines,  one  being  near  the 
.  upper,  and  the  other  near  the  lower,  limit  of  the  diagram. 

The  values  thus  read  were  plotted  as  abscissas  and  the  heights  of 
the  weirs  as  ordinates  on  Fig.  14.  From  the  curves  which  these  points 
determine,  mean  values  were  taken  for  weirs  of  assumed  heights. 

The  values  thus  obtained  were  laid  off  on  the  four  corresponding 
lines  on  Plate  LXXX  as  originally  constructed  on  cross-section  paper. 
The  locus  of  the  trial  equation,  of  course,  was  first  laid  off  on  the 
diagram.  Only  that  portion  of  the  original  diagram  necessary  to  show 
the  relation  existing  between  the  heads,  the  discharges,  and  the  heights 
of  the  weirs,  has  been  reproduced  on  Plate  LXXX;  it  is  a  general 
diagram  for  measuring  the  water  flowing  over  all  weirs  of  this  class. 

Plates  LXXXII,  LXXXIII,  LXXXIV,  LXXXV,  LXXXVII,  and 
XC  are  also  reproductions  of  only  those  portions  of  the  original  draw- 
ings which  are  really  necessary  to  show  the  relation  between  the  quan- 
tities named  thereon. 

(3). — For  Broad-Crested  Weirs. 

On  Plate  XC  are  brought  together  all  the  cvirves  for  broad-crested 
weirs,  the  widths  varying  from  |  in.  to  16.29  ft.  All  these  weirs  have 
a  height  of  11.25  ft.  The  curves  marked  Cornell  Ht.  6.65  and  Table  5 
are  for  weirs  of  width  |  in.  and  height  6.65  ft.  The  weirs  with  the 
narrower  crests  are,  for  all  practical  purposes,  weirs  with  sharp  crests. 

It  will  be  noted  that,  up  to  a  certain  point,  that  is,  up  to  a  certain 
head,  the  curves  for  all  these  weirs  practically  coincide;  the  point  at 
which  this  coincidence  ceases  varies  with  the  width  of  the  weir.     For 
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the  Cornell  Model  XL,  which  has  a  width  of  5f  in.,  the  curves  leave 
the  "broad-crest"  line  at  a  head  of  0.36  ft.  and  extend  across  the  dia- 
gram diagonally,  reaching  the  "sharp-crest"  line  at  a  head  of  0.80  ft. 
This  is  the  head  at  which  the  sheet  jumps  entirely  over  the  "broad 
crest";  for  all  greater  heads  this  weir  operates  as  if  it  had  a  sharp 
crest,  and  its  curve,  above  this  point,  coincides  with  that  for  sharp 
crests. 

As  with  the  weir  having  a  crest  5|  in.  wide,  so  is  it,  in  a  general 
way,  according  to  this  diagram,  with  those  of  other  widths.  The  "broad- 
crest"  line  is  practically  parallel  to  the  "sharp-crest"  line.  The  curves 
for  all  broad  crests  follow  the  "broad-crest"  line  up  to  a  certain  head; 
then  they  jump  in  a  straight  line  diagonally  across  the  diagram  to 
the  "sharp-crest"  line,  and  follow  it  up  to  the  limit  of  the  experiments. 

As  explained  previously,  this  may  be  accounted  for  as  follows: 
As  the  head  increases,  a  definite  point  is  reached  at  which  a  vacuum 
starts  to  form  under  the  sheet  on  top  of  the  crest,  with  tlie  effect  of 
increasing  the  flow.  This  effect  is  increased  until,  at  a  certain  head, 
the  sheet  jumps  entirely  free  from  the  crest,  and  then  for  all  higher 
heads  the  weir  acts  as  if  the  crest  were  "sharp." 

]\rean  values  or  lines  for  the  'Tsro ad-crest"  condition,  the  "sharp- 
crest"  condition,  and  the  "intermediate"  condition,  are  shown  as  broken 
lines  on  Plate  XC;  and  these  form  the  whole  diagram  on  Plate 
LXXXIII,  which  is  used  for  obtaining  the  discharge  over  ,all  weirs 
of  this  height  with  broad  crests. 

Fig.  15,  containing  the  information  from  which  Plate  LXXXIII 
was  drawn,  shows  the  relation  between  the  widths  of  the  crests  and  the 
heads  at  which  the  changes  from  the  broad-crest  condition  begin,  and 
those  at  which  the  sharp-crest  condition  is  reached.  From  the  two 
curves  on  this  plate,  the  head  can  be  read  at  which  the  broad-crest 
condition  ceases  for  a  crest  of  any  width,  within  the  limits  of  the 
experiments,  and  that  also  at  which  the  sharp-crest  condition  begins. 
From  these  curves,  information  was  secured  for  constructing  Plate 
LXXXIII,  which  is  the  diagram  intended  to  be  used  in  practice  for 
obtaining  the  discharge  over  any  weir  with  a  broad  crest  having  a 
height  of  11.25  ft.,  within  the  limits  shown  on  this  plate. 

It  might  naturally  be  expected  that  for  some  heads  the  flow  over 
a  broad-crested  weir  would  be  greater  than  that  over  a  similar  sharp- 
crested  weir,   just   as   the   flow   through   a  short  tube   is   greater   than 
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that  through  a  sharp-edged  orifice  of  the  same  diameter  under  similar 
conditions;  but  the  curves  on  Plate  LXXXIII  show  conclusively  that 
this  is  not  the  case  for  crests  vsdder  than  5|  in. 

This  assertion  might  be  made  concerning  all  broad  crests,  if  it  were 
not  for  the  fact  that  Model  XXII  gives  a  greater  discharge  than 
Model  XXI,  the  latter  having  the  narrower  crest.  Notwithstanding 
this  case,  it  appears  that,  for  weirs  with  broad  crests,  the  friction  on 
the  crest  is  a  more  important  factor  in  the  discharge  than  is  the 
tendency  of  the  broad  crest  to  decrease  the  effect  of  contraction. 

(4). — For  Irregular  Weirs  with  Cross-Sections  of  Right  Lines. 

The  curves  for  the  weirs  of  this  class  have  been  brought  together 
on  Plate  LXXXIV.  The  two  curves  marked  XXVII  a  and  XXVII  h 
are  the  results  of  experiments  on  a  model  of  the  Lawrence  Dam*  built 
over  the  upper  standard  weir  in  the  Hydraulic  Laboratory  of  Cornell 
University.  The  curve  marked  XXVII  a  is  the  result  of  plotting  the 
heads  as  they  were  measured  by  the  15-ft.  tape.  The  curve  marked 
XXVII  h  is  the  result  of  plotting  the  heads  measured  by  the  20-ft. 
tape.  It  may  be  that  the  shape  of  the  dam  produced  a  slight  swell 
in  the  surface  of  the  water  15  ft.  up  stream,  thus  indicating  a  smaller 
discharge  for  the  same  head  than  is  shown  by  the  20-ft.  tape. 

From  Plate  LXXXV  and  the  plate  now  under  consideration,  it 
appears  that  very  slight  differences  in  models  make  comparatively 
large  differences  in  the  discharges  over  them.  Observe,  for  example, 
the  great  difference  between  the  two  curves,  XXI  and  XXII,  on  this 
plate.  One  is  the  curve  for  a  weir  with  a  sharp  crest  and  a  vertical 
up-stream  face  3.65  ft.  high,  and  the  other  is  the  curve  for  the  same 
weir  with  the  base  of  the  bulkhead  thickened  4  in.  on  the  up-stream 
side  for  a  height  of  14|  in.  from  the  bottom.  The  height  of  this  weir 
was  increased  1  in.  by  timbers  attached  on  the  down-stream  side  of 
the  crest. 

For  a  head  of  0.42  ft..  Model  XXII  gives  a  discharge  about  3.6% 
greater  than  Model  XXI,  and  for  a  head  of  0.9  ft.,  it  gives  a  discharge 
about  7.7%  greater. 

The  constants  for  the  equations  for  these  weirs  are  given  in  Table  E. 

•  "Lowell  Hydraulic  Experiments,"  p.   136. 
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Co). — For  Irregular  Weirs  with  Cross-Sections  of  Eight  Lines 
and  Curves. 

The  curves  for  the  models  of  this  class  are  presented  on  Plate 
LXXXV.  It  IS  interesting  to  see  how  uniformly,  for  high  heads,  these 
models  give  greater  discharges  than  weirs  with  sharp  crests,  and  that 
the  opposite  is  true  for  low  heads.  Model  XXXIV  is  an  extreme 
example.  Its  discharge  is  greater  than  that  of  the  sharp-crested  weir 
by  more  than  17%  for  a  head  of  3  ft.  and,  for  a  head  of  0.65  ft.,  the 
discharge  is  about  3.3%  smaller.  The  two  curves,  XXXV  and  XXXVI, 
show  what  a  material  difference  a  small  change  in  the  form  of  a  model 
may  make  in  the  quantity  of  water  which  will  ilow  over  it  under  a 
given  head. 

The  constants  for  the  equation  for  these  weirs  a.re  given  in  Table  F. 

II. — Comparison  of  Various  Methods  of  Measuring  the  Depth  of 

Water  on  the  Crest  of  a  Weir. 

A. — General   Remarks. 

All  the  data  presented  under  this  heading  have  been  obtained  from 
experiments  conducted  under  the  direction  of  Professor  Williams,  in 
the  Hydraulic  Laboratory  of  Cornell  University.  These  experiments, 
as  far  as  the  writer  knows,  comprise  the  most  extensive  set  of  this 
nature  which  has  yet  been  made.  Every  detail  of  the  investigation 
was  watched  with  great  care. 

(1). — On  Measuring  Heads. 

Each  of  the  readings  used  for  obtaining  the  head  on  the  weir  is 
the  average  of  a  series  of  readings  taken  during  a  period  of  from  15 
to  30  min.,  during  which  time  the  head  was  kept  as  nearly  constant 
as  possible,  and  readings  were  taken  at  rates  varying  from  two  to  six 
per  minute. 

One  of  these  periods  is  called  a  run.  The  heads,  in  each  of  these 
runs,  as  measured  by  the  standard  tube-piezometer,  have  been  plotted 
as  abscissas,  with  the  heads,  as  measured  by  the  other  instruments, 
as  ordinates.  The  scale  used  is  one  gauge-scale  unit,  or  one  double 
centimeter,  to  the  inch.  The  centers  of  gravity  of  the  curves  thus 
drawn  were  found  first  as  a  whole,  then  for  each  of  the  two  halves  of 
the  curve,  sometimes  for  the  four  fourths,  and  in  a  few  cases  for 
the  eight  eighths.     Then,  by  passing  lines  analytically  through  some 
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or  all  of  the  points  thus  found,  equations  have  been  obtained  which 
express  the  relation  between  the  heads  as  accurately  as  that  relation 
could  be  seen  on  the  plottings. 

These  plottings,  these  equations,  and  their  derivations,  form  a  part 
of  a  thesis  on  "The  Flow  of  Water  Over  Weirs"  presented  to  Cornell 
University  by  the  writer  in  1903  for  the  M.  C.  E.  degree.  This  matter 
is  too  extensive,  however,  to  be  reproduced  in  detail  in  this  paper;  but 
the  heads  as  measured  are  given  in  Table  A,  and  the  results  obtained 
are  presented  on  Plates  XCII  and  XCIII.  These  plates  show  how 
widely  the  obtained  results  may  differ  if  the  depth  of  water  on  the 
crest  of  a  weir  is  measured  in  different  ways,  even  though  generally 
accepted  by  hydraulicians  as  methods  which  give  correct  results. 

It  is  generally  understood  that,  for  computing  the  discharge  of  a 
weir,  the  head  should  not  be  measured  less  than  6  ft.  up  stream  from 
the  crest;  therefore,  the  results  obtained  by  measurements  taken  6  ft. 
or  more  above  the  crest  are  shown  independently  in  the  upper  part 
of  Plate  XCII.  The  abscissas  represent  the  heads,  as  measured  by 
the  standard  tube-piezometer,  plotted  originally  on  a  scale  of  1  in, 
to  0.1  ft.,  and  the  ordinates  represent  the  differences  between  the 
standard-tube  heads  and  those  measured  by  some  other  method  plotted 
originally  on  a  scale  of  1  in.  to  0.01  ft. 

The  differences  between  the  heads  as  measured  by  the  standard- 
tube  and  those  measured  less  than  6  ft.  up  stream  from  the  crest  of 
the  weir  are  so  great  that,  in  order  to  show  them  within  the  limits  of 
the  plate,  the  vertical  scale  had  to  be  reduced  to  the  scale  shown  in 
the  lower  portion  of  the  drawing. 

(2). — On  the  Piezometer. 
Before  taking  up  in  detail  descriptions  of  the  different  measuring 
devices  used  in  securing  the  data  herewith  presented,  it  may  be  well 
to  state  that,  in  general,  the  apertures  of  a  piezometer  are  supposed 
to  be  made  in  a  surface  or  in  surfaces  the  elements  of  which  are 
parallel  to  the  direction  of  the  line  of  flow  of  the  water.  The  water 
flowing  through  these  openings  is  conducted  by  a  water-tight  pipe  to 
a  vertical  glass  tube  securely  fastened  to  a  framework.  Next  to  the 
tube,  and  back  of  it,  there  is  a  carefully  graduated  scale,  on  which, 
with  the  aid  of  a  rider,  the  elevation  of  the  water  can  be  read;  this 
elevation  is  assumed  to  be  the  same  as  that  of  the  surface  of  the  water 
which  covers  the  openings  of  the  piezometer. 
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The  capillary  action  of  the  water  makes  the  surface  of  the  water 
column  in  llie  glass  tube  assume  the  form  of  a  meniscus  with  its 
convex  side  downward.  As  the  lowest  point  of  this  surface  is  definite 
and  easily  seen,  piezometer  readings  were  taken  by  placing  the  index 
of  the  rider  in  the  horizontal  plane  containing  this  lowest  point.  When 
the  rider  is  thus  placed,   its  zero  is   at   the  reading  for  that  column 

of     water.  /ns  /^  ,  rr. 

(3).— On  the  Tape. 

A  "tape,"  as  used  in  the  hydraulic  laboratory  for  measuring  the 
depth  of  water  on  the  crest  of  a  weir,  consists  of  a  carefully  graduated 
steel  tape,  with  a  plummet  attached  to  it  in  such  a  way  that  the 
distance  from  the  end  of  the  tape  to  the  point  of  the  bob  is  constant. 
This  tape,  with  the  plummet  attached,  is  hung  over  the  end  of  a 
gradually,  but  not  very  sharply,  rounded  block,  on  top  of  which  is 
a  brass  plate  having  a  groove  of  proper  width  and  depth  to  receive 
the  tape.  An  index  line,  used  to  mark  the  reading  on  the  tape,  is 
made  on  the  upper  surface  of  this  plate  at  right  angles  to  the  sides 
of  the  groove.  When  the  point  of  the  plummet  is  just  touching  the 
water,  this  index  line  is  at  the  reading  of  the  tape  for  that  particular 
elevation  of  the  water  surface. 

(4). — On  the  Point-  or  Hook-Gauge. 

A  word  may  be  added  here  also  to  explain  the  method  used  when 

readings  are  taken  with  a  point-gauge  or  a  hook-gauge.     Two  blocks, 

some  5  ft.   apart,   and  containing  rectangular  notches,  are  placed  so 

that  one  is  vertically  above  and  symmetrically  situated  with  respect 

to  the  other.     These  are  used  to  keep  the  gauge  in  a  vertical  position, 

and   a   bolt-head   or   some   other  permanent   mark,   properly   situated, 

receives  the  small  bar  or  rest  on  the  back  of  the  rod,  thus  fixing  the 

position  of  the  index  on  the  rod.     The  point,  which  is  attached  to  the 

sliding  portion  of  the  rod,  is  moved  vertically  until  it  is  in  contact 

with  the  surface  of  the  water.     When  thus  placed,  the  index  of  the 

rod  marks  the  gauge  reading  for  the  depth  of  water  which  is  being 

observed. 

(5). — On  the  ^lethod  of  Getting  Zeros. 

The  readings  of  these  various  instruments  for  various  elevations 
of  the  water  surface,  are  of  value  only  when  the  height  of  the  water 
surface,  with  respect  to  some  particular  and  well-defined  datum,  can 
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be  found  from  them.  In  weir  work  this  datum  is  the  horizontal  plane 
containing  the  crest  of  the  weir.  The  readings  of  these  various  instru- 
ments, when  the  water  surface  in  the  channel  of  approach  coincides 
with  this  datum,  are  called  the  "zeros"  of  the  various  tapes,  piezometers, 
or  gauges. 

For  determining  the  zeros  of  the  various  measuring  devices  used, 
a  hook-gauge  was  clamped  to  the  crest  of  the  weir  on  which  heads  were 
to  be  measured,  care  being  taken  to  have  the  instrument  attached  in 
such  a  way  that  the  movable  upright  bar  was  in  a  vertical  position. 
The  accuracy  of  this  adjustment  was  tested  by  sighting  in  two  direc- 
tions at  right  angles  with  each  other  along  the  side  of  a  plummet 
string  held  at  arm's  length.  When  this  test  showed  the  rod  to  be 
vertical,  the  point  of  the  hook  was,  with  great  care,  brought  into  the 
horizontal  plane  containing  the  crest  of  the  weir  by  turning  the  screw 
on  the  instrument  to  which  the  vertical  rod  is  clamped.  When  a  small, 
carefully-tested  pocket-level,  placed  with  one  end  on  the  point  of  the 
hook  and  the  other  on  the  crest  of  the  weir,  showed  the  point  to  be 
on  a  level  with  the  crest,  the  reading  of  the  gauge  was  taken  and 
recorded.  The  difference  between  this  reading  and  any  subsequent 
reading,  taken  with  the  point  of  the  hook  at  the  surface  of  the  water, 
was  the  distance  of  the  surface  of  the  water  below  the  crest  of  the  weir. 
After  making  a  careful  comparison  of  the  times  indicated  by  the 
different  watches  used,  and  recording  the  results  of  this  comparison, 
the  observations  were  begun.  During  the  observations  the  surface 
of  the  water  in  the  channel  of  approach  was  kept  but  a  short  distance 
below  the  crest.  Readings  on  the  different  measuring  devices  were 
taken  as  rapidly  as  they  could  be  made  with  care,  and  these,  with  the 
time  of  each  observation  to  the  nearest  second,  were  recorded.  As  it 
was  practically  impossible  to  keep  the  elevation  of  the  water  surface 
constant,  several  series  of  readings  were  taken  in  the  manner  just 
described,  some  with  the  surface  of  the  water  slowly  rising,  and  others 
with  the  surface  of  the  water  slowly  falling.  At  the  close  of  each 
series  of  observations  the  times  were  again  compared,  and  the  reading 
of  the  hook-gauge,  with  the  point  of  the  hook  in  the  horizontal  plane 
containing  the  crest  of  the  weir,  was  carefully  checked. 

By  plotting  these  readings,  using  the  times  as  abscissas  and  the 
readings  as  ordinates,  curves  were  drawn  showing  the  readings  that 
any  measuring  device  in  use  would  give,  if  a  reading  had  been  taken 
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at  any  moniont.  Two  times  were  selected,  one  near  the  commence- 
ment, the  other  near  the  close,  of  each  run  or  series  of  observations, 
ami  the  readings  of  the  various  instruments  at  the  times  selected  were 
read  from  the  curves.  The  distance  of  the  water  surface  below  the 
crest  of  the  weir  was  the  difference,  as  thus  indicated,  between  the 
"zero"  reading  of  the  hook-gauge  and  the  hook-gauge  reading  at  the 
time  selected.  A  correction  equal  to  this  difference,  properly  applied 
to  the  simultaneous  readings  of  the  other  instruments,  gave  their 
respective  zeros.  The  differences  between  the  means  of  the  zeros  thus 
found  and  readings  taken  during  the  subsequent  experiments  were 
the  heads  required. 

(6). — On  Expressions  Used. 

Oftentimes,  in  this  paper,  by  the  reading  of  a  tape,  a  gauge,  or  a 
piezometer,  is  meant  the  head  of  water  on  the  weir  as  measured  with 
the  instrument  named,  and  by  the  head  of  water  on  the  weir  is  meant 
the  vertical  distance,  in  feet,  between  the  horizontal  plane  containing 
the  crest  of  the  weir  and  the  plane  surface  of  the  water  in  the  channel 
of  approach. 

The  different  jiiezometers,  tapes,  and  gauges  considered  have  been 
called  by  names  that  tell,  first,  approximately  how  far  up  stream  the 
head  was  measured,  and,  secondly,  what  the  measuring  instrument  was. 

B. — Measurements  of  Heads  at  the  Standard  Weir. 
(Height  11.25  Ft.) 
(1). — With  the  Standard  Tube-Piezometer. 
The  standard  tube-piezometer  consists  of  the  following:  Three 
;'-in.  jiipes,  each  4  ft.  long,  and  perforated  with  four  rows  of  y^-in 
lioles,  each  row  consisting  of  12  holes  1  in.  apart,  longitudinally,  and 
'.*(»'  apart  circumferentially,  the  perforated  portion  being  near  the 
down-stream  end.  These  three  pipes  are  as  nearly  horizontal  as  may 
be,  and  are  parallel  to  the  walls  of  the  channel.  Each  pipe  is  sup- 
ported by  two  legs  or  pipes  attached  to  its  ends,  one  by  a  90°  elbow, 
the  other  by  a  T,  the  legs  themselves  being  fastened  to  a  base  of  two 
transverse  and  three  longitudinal  pipes  resting  on  the  bottom  of  the 
canal.  The  down-stream  legs  extend  vertically  to  a  height  of  some 
4  or  5  ft.  above  the  walls  of  the  canal,  and  are  left  open  at  the  top 
to  provide  a  means  of  escape  for  any  air  which  may  be  entrapped  in 
the  tube.s  below.     (See  Fig.  G.) 
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The  pipes  just  mentioned  are  joined  in  such  a  way  that  water  can 
enter  them  only  through  the  perforations.  By  another  -|-in.  pipe, 
attached  to  the  base,  the  water  entering  the  perforations  is  carried 
through  the  bulkhead,  as  shown  in  Fig.  6,  and  down  stream  for  more 
than  100  ft.  Here  the  pipe  extends  northward  through  the  bottom 
of  the  canal  wall  into  the  gauge-house,  where  it  is  attached  by  a  short 
piece  of  rubber  hose  to  the  standard  tube  (glass)  1  in.  in  diameter. 
The  surfaces  of  the  column  of  water  in  the  tube  and  of  the  water  in 
the  chamber  above  the  weir,  are  supposed  to  be  in  the  same  horizontal 
plane. 

The  south  branch  and  the  middle  branch  of  this  piezometer  are 
shown  clearly  in  Fig.  6.  The  former  is  23  in.  from  the  canal  wall, 
the  latter  is  6  ft.  farther  north,  and  the  branch  on  the  north  side  is 
22  in.  from  the  north  wall.  The  distance  from  the  crest  of  the  weir 
to  the  nearest  perforation  in  the  south  branch  of  the  piezometer  is 
25.67  ft.;  to  that  in  the  north  branch,  25.63  ft.  The  lengths  of  the 
perforated  portions  of  the  three  horizontal  pipes,  beginning  with  the 
pipe  on  the  south  side,  are  1.01,  0.92.  and  0.92  ft.,  respectively;  thus 
the  average  distance  of  the  centers  of  the  perforated  portions  of  the 
pipes  above  the  crest  of  the  weir  is  26.12  ft.  The  north  branch  is 
6  ft.  2  in.  above  the  bottom  of  the  canal,  or  5  ft.  1  in.  below  the  hori- 
zontal plane  containing  the  crest  of  the  weir;  the  corresponding  meas- 
urements for  the  south  branch  are  6  ft.  3  in.  and  5  ft.  0  in.,  respectively. 

The  heads,  as  measured  by  this  standard  tube-piezometer,  are  used 
as  a  standard  with  which  the  heads  measured  by  the  other  devices  are 
compared.     (See  Plates  XCII  and  XCIII.) 


(2). — With   the   6-Ft.    Longitudinal-Piezometer. 

The  6-ft.  longitudinal-piezometer  consists  of  the  following:  A  f-in. 
horizontal  pipe  perforated  with  four  rows  of  holes  90°  apart,  there  being 
thirteen  gVin.  holes  in  each  row,  with  a  longitudinal  distance  of  1  in. 
between  their  centers.  Lines  joining  the  diametrically  opposite  rows 
of  holes  make  angles  of  about  45°  with  the  vertical.  The  center  line 
of  this  pipe  is  approximately  i  in.  from  the  south  wall  of  the  canal, 
and  3.8  in.  below  the  horizontal  plane  containing  the  crest  of  the  weir. 
The  centers  of  the  lines  of  holes  in  the  pipe  are  5  ft.  10^  in.  up  stream 
from  the  crest.  Eastward,  the  pipe  extends  25  in.  from  the  hole 
farthest  east,  and  at  this  point  the  end  of  the  pipe  is  closed  with  a 
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cap.  Westward,  the  pipe  extends  throujih  the  bulkhead  to  the  gauge 
on  the  bank  of  the  canal  below  the  weir,  where  the  readings  of  this 
device  are  taken. 

The  pipe  of  the  11-ft.  longitudinal-piezometer,  which  replaced  the 
one  just  described  and  is  similar  to  it,  is  the  horizontal  pipe  shown 
in  Fig.  0  attached  to  the  canal  wall.  This  pipe  extends  up  stream  from 
the  crest  of  the  weir,  but  is  slightly  below  the  level  of  the  crest. 

As  shown  on  Plate  XCII,  the  difference  between  the  heads  measured 
by  the  6-ft.  longitudinal-piezometer  and  those  measured  by  the  stand- 
ard is  almost  constant,  and  is  equal  to  0.0032  ft.,  the  standard  tube- 
piezometer  giving  the  smaller  heads. 

(3).— With   the   6-Ft.   Wall-Piezometer. 

The  G-ft.  wall-piezometer  consists  of  a  vertical  f-in.  pipe  fixed 
or  cemented  into  the  canal  wall  in  such  a  way  that  its  perforated  por- 
tion, containing  ^-in.  holes,  6  in.  apart,  is  flush  with  the  plane  side 
of  the  channel.  The  center  of  this  pipe  is  6.01  ft.  up  stream  from  the 
crest  of  the  weir,  and  its  uppermost  hole  is  28^  in.  vertically  above  the 
crest.  At  the  top  of  the  pipe,  37|  in.  above  the  crest  of  the  weir 
(Fig.  5),  a  f-in.  pipe-vent  leads  into  the  canal  and  thence  vertically 
upward  1  ft.  or  more.  At  the  bottom  of  the  perforated  pipe,  which 
is  about  12  in.  below  the  crest  of  the  weir,  a  connection  projects  into 
the  channel  and  is  attached  to  a  pipe  which  extends  westward  through 
the  bulkhead  to  the  gauge.  This  piezometer  gives  slightly  higher  read- 
ings at  all  points  than  does  the  standard  tube,  and  the  difference  be- 
tween these  readings  is  a  uniformly  increasing  quantity  from  the 
lowest  to  the  highest  head  measured,  as  shown  on  Plate  XCII. 

(4).— With  the  6-Ft.  Tape. 

This  tape  was  2  ft.  from  the  south  wall  of  the  canal  and  (5  ft.  up 
stream  from  the  crest  of  the  standard  weir. 

For  heads  of  less  than  0.66  ft.,  the  readings  of  the  tape  exceed  those 
of  the  standard  tube-piezometer,  and  for  heads  greater  than  tliis,  the 
reverse  is  the  case.     (See  Plate  XCII.) 

In  the  Cornell  Hydraulic  Laboratorj-  Kecords*  it  is  stated: 
"Notice  that  the  standard  tape  [meaning  what  is  here  called  the  6-ft. 
tape]  is  below  the  beginning  of  surface  slope."  This  is  the  only  indi- 
cation on  the  laboratory  records  that  the  readings   of  this  tape  may 

*  Book  50.  June  6th,   1901. 
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not  be  strictly  relied  on.  If  the  measurements  of  this  tape  are  affected 
by  surface  curvature,  certainly  all  other  measurements  taken  at  the 
same  distance  up  stream  from  the  crest  of  the  weir  will  be  affected 
in  a  similar  way.  It  is  interesting  to  note,  however,  that,  for  all  heads, 
both  the  6-ft.  longitudinal-piezometer  and  the  6-ft.  waU-piezometer 
give  readings ,  greater  than  those  measured  by  the  standard  tube- 
piezometer. 

(5).— With  the  lO-Ft.  Tape. 

The  10-ft.  tape  was  used  in  the  center  of  the  channel  of  approach 
10.23  ft.  up  stream  from  the  crest  of  the  weir. 

It  was  found  necessary  to  use  two  right  lines  to  show  the  relation 
existing  between  the  heads  as  measured  by  this  tape  and  the  same 
heads  as  measured  by  the  standard-tube  piezometer.  This  relation  is 
sho.wn  by  a  curve  on  Plate  XCII. 

(6).— With  the  11-Ft.  Wall-Piezometer. 

The  11-ft.  wall-piezometer  consists  of  a  |-in.  opening  in  the  canal 
wall,  which  leads  into  a  vertical  pipe  extending  upward  inside  a  timber 
of  the  canal  wall  to  the  atmosphere,  and  downward  a  short  distance 
below  the  opening;  then  it  projects  into  the  canal  and  is  connected 
to  a  pipe  which  runs  west  along  the  south  side  of  the  channel  and 
through  the  bulkhead  to  the  gauge.  The  center  of  the  opening  is 
10.70  ft.  up  stream  from  the  crest  of  the  weir  and  0.3  ft.  vertically 
below  it. 

One  line,  as  shown  on  Plate  XCII,  represents  the  curve  resulting 
from  plotting  the  readings  of  this  piezometer.  It  appears  that  for  low 
heads  the  readings  of  the  11-ft.  wall-piezometer  are  lower  than  those 
of  the  standard  tube.  This  curve,  however,  would  fit  the  points  a 
little  more  accurately,  as  they  are  plotted,  if,  from  its  point  of  inter- 
section with  the  standard  line,  it  were  drawn  toward  the  origin.  The 
difference,  then,  of  the  readings  of  this  piezometer  and  those  of  the 
standard  are  zero  for  low  heads,,  but  they  increase  gradually  until,  for 
a  head  of  3  ft.  by  the  standard-tube,  the  11-ft.  wall-piezometer  gives 
a  reading  of  3.0398  ft.  This  difference,  as  seen  on  Plate  XCII,  makes 
a,  change  of  about  2i%'in  the  computed  discharge  of  the  weir. 

■■''■    (7). ^With  the  2-Ft.  Wall-Piezometer. 

"The  perfoi-ations  of  the  2-ft.  wall-piezometer,  made  to  receive  the 
water,  are  in  a  vertical  |-iri.  pipe,  buried  or  cemented  in  the  wall  of 
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the  canal  in  such  a  way  that  the  portion  containing  the  perforations 
forms  a  part  of  the  plane  side  of  the  channel.  The  top  of  this  pipe, 
which  is  311  in.  vertically  above  the  horizontal  plane  containing  the 
crest  of  the  weir,  has  attached  to  it  a  g-in.  pii)e-vent  leading  into 
the  canal  and  then  vertically  upward  a  distance  of  about  1  ft.,  as  shown 
in  Fig.  5.  At  the  bottom  of  the  perforated  pipe,  some  12  in.  below 
the  horizontal  plane  containing  the  crest  of  the  weir,  a  connection 
leads  into  the  channel  and  thence  westward,  close  to  the  canal  wall, 
through  the  bulkhead  to  the  gauge  on  the  bank  of  the  canal. 

The  horizontal  distance  from  the  crest  of  the  weir  to  the  vertical 
line  containing  the  centers  of  these  perforations  is  24^  in.  The  center 
of  the  lowest  hole  is  5^  in.  below  the  horizontal  plane  containing  the 
crest.  From  this  point  vertically  upward,  there  are  twenty  xli"^'^-  holes 
2  in.  apart.  The  curve  which  results  from  plotting  the  heads  as  indi- 
cated by  this  piezometer  is  shown  on  Plate  XCII.  As  only  part  of  the 
curve  could  appear  on  the  plate  drawn  to  the  large  vertical  scale  used 
in  the  upper  part  of  the  diagram,  the  whole  curve  is  drawn  to  a  smaller 
scale  in  the  lower  portion.  ■    ■'■■■  ^ 

(8). — With  the  Crest-Piezometer. 

This  piezometer  consisted  of  a  i-in.  brass  pipe,  about  1  ft.  long, 
set  vertically  in  an  upright  plank  which  was  buried  in  the  concrete 
in  such  a  way  that  the  plank  and  the  perforated  portion  of  the  pipe 
formed  a  part  of  the  plane  side  of  the  canal.  The  centers  of  the  per- 
forations (J  in.  in  diameter  and  1  in.  apart)  were  vertically  above 
the  crest  of  the  weir  at  its  south  end  (Fig.  5).  The  lower  end  of  this 
tube  was  attached  to  a  pipe  which  led  to  the  top  of  the  bank  of  the 
lower  canal  where  the  gauge  was  placed. 

The  curve  determined  by  the  readings  of  this  piezometer  is  shown 
on  Plate  XCII  in  the  lower  diagram,  which  is  drawn  on  the  smaller 
vertical  scale.  The  great  difFcrence  between  the  readings  of  this 
piezometer  and  tbose  of  the  point-gauge  at  the  crest  is  one  of  the  most 
surprising  and  interesting  features  of  this  comparison. 

(9).— With  the  Point-Gauge  at  the  Crest  (Bent). 
The  operation  of  this  gauge  is  much  the  same  as  that  of  the  Boston 
level  rod  when  the  line  of  sight  is  below  the  horizontal  plane  contain- 
ing  the   bench-mark.      The   target,   however,    is   replaced   by   a   :J-in., 
straight,  round,  pointed,  bar,  extending  about  6  in.  below  the  end  of 
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the  sliding  portion  of  the  rod.  Instead,  too,  of  having  the  bottom  of 
the  stationary  part  of  the  rod  rest  on  the  reference  point  or  bench- 
mark, a  small  brass  bracket  is  fastened  to  the  back  of  this  portion  of 
the  rod  and  is  used  to  support  it.  The  two  ends  of  the  rod  are  placed 
in  the  rectangular  notches  already  mentioned,  aud  thus  the  point  is 
kept  in  the  same  vertical  line  when  it  is  moved  in  taking  a  measure- 
ment.     (See  page  1575.) 

The  readings  which  determine  this  particular  curve  (Plate  XCII, 
lower  portion)  were  taken,  supposedly,  in  the  vertical  plane  containing 
the  crest  of  the  weir,  but  the  statement  is  made*  that  when  the  point 
was  at  the  crest  level  it  was  y\  in.  down  stream  from  this  plane.  It 
is  for  this  reason  that  the  curve  is  marked  "bent." 

(10).— With  the  Point-Gauge  at  the  Crest. 

(After  the  point  was  straightened.) 

The  readings  taken  with  this  gauge,  after  the  point  was  straightened 
so  that  it  moved  in  the  vertical  plane  of  the  crest  of  the  weir,  have 
been  used  to  determine  another  curve,  shown  on  the  lower  portion  of 
Plate  XCn.  The  description  of  this  gauge  is  given  on  pages  1575 
and  1581. 

C. — Measurements   of  Heads   at   the   Standard    Weir 
(Height  6.65  Ft.). 

(1). — With  the  6-Ft.  Francis  Piezometer. 

This  device  for  measuring  the  depth  of  water  on  the  crest  of  the 
weir  consists  of  a  i-in.  circular  orifice  in  a  6  by  12-in.  brass  plate;  the 
center  of  the  opening  is  6  ft.  OJ  in.  up  stream  from  the  crest  of  the 
weir,  4|  in.  below  the  upper  edge  of  the  plate,  and  2:^  in.  below  the 
horizontal  plane  containing  the  crest  of  the  weir.  This  orifice  leads 
into  a  pipe  which  extends  through  a  timber  of  the  canal  wall  and  is 
attached  to  the  gauge  on  which  the  "Francis"  readings  were  taken. 

This  instrument,  like  all  the  others  from  which  readings  were  taken 
at  this  weir  (the  curves  being  shown  on  Plate  XCIII),  gives  readings 
or  heads  smaller  than  the  standard-tube  piezometer  with  which  it  is 
compared.  This,  however,  is  to  be  expected,  even  if  the  readings  are 
taken  simultaneously,  because  the  standard-tube  measurements  were 
taken  at  the  weir  11.25  ft.  high  and  the  others  at  the  weir  having  a 
height  of  6.65  ft.     The  vertical  distance  between  these  curves,  however, 
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is  the  same  as   if  the  comparison  had  been   made  with  the  heads  of 
any  other  of  the  measuring?  devices. 

(2). — With  the  (!-Ft.  Bottom-Piezometer. 

The  oritice  of  this  measuring  device  is  a  ^-in.  circular  opening  in 
a  f-in.  cap  which  is  flush  with  the  face  of  an  8  by  10-in.  timber  form- 
ing a  part  of  the  side-wall  of  the  canal.  The  opening  is  1  ft.  above 
the  bottom  of  the  channel  of  approach  and  G  ft.  up  stream  from  the 
crest  of  the  weir.  The  pipe  to  which  the  cap  is  attached  extends 
through  the  canal  wall,  where  it  is  connected  to  the  gauge. 

The  curve  resulting  from  plotting  the  readings  of  this  piezometer 
is  shown  on  Plate  XCIII. 

(3).— With  the  6-Ft.   Float-Piezometer. 

This  piezometer  consists  of  a  plank,  a  |-in.  pipe  extending  half 
way  across  the  bottom  of  the  canal,  and  a  gauge  on  the  outside  of  the 
canal.  The  2  by  12-in.  plank,  18  ft.  long,  and  dressed  on  the  north 
side,  is  on  edge  in  the  bottom  of  the  canal  with  one  end  against  the 
bulkhead;  the  other  end  is  beveled  at  an  angle  of  about  30°  with  the 
center  line  of  the  canal,  for  the  purpose  of  directing  away  from  the 
piezometer  opening  all  water  having  a  disturbed  direction  of  flow.  In 
the  dressed  face,  which  occupies  the  center  of  the  canal,  is  placed  a 
^-in.  brass  plug  which  contains  a  ^-in.  circular  orifice  leading  into  the 
|-in.  pipe  just  mentioned.  This  pipe  extends  across  the  channel, 
through  an  8  by  10-in.  timber  of  the  south  wall,  and  is  attached  to  the 
gauge  just  outside  of  the  canal. 

The  center  of  the  circular  orifice  which  receives  the  water  is  3  in. 
above  the  bottom  of  the  canal  and  6.00  ft.  up  stream  from  the  crest 
of  the  weir. 

The  curve  determined  by  plotting  the  readings  of  this  piezometer 
is  shown  on  Plate  XCIII. 

(4)  .—With  the  tJ-Ft.  Point-Gauge. 

Tliis  instrument  is  described  on  pages  1575  and  1581.  Readings 
with  it,  which  determine  the  curve  shown  on  Plate  XCIII,  were  taken 
6.00  ft.  up  stream.  As  this  curve  is  determined  by  only  sixteen  points, 
the  results  it  indicates  have  less  weight  than  those  given  by  curves 
determined  bv  manv  more. 
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(5).— With  the  10-Ft.  Tape. 

Readings  by  this  tape  were  taken  10  ft.  4|  in.  up  stream.  Its  curve 
is  shown  on  Plate  XCIII. 

(6).— With  the  13-Ft.  Three-Tube-Piezometer. 

This  piezometer  is  constructed  in  the  following  manner:  Three 
|-in.  pipes  (each  41^  in.  above  the  bottom  of  the  canal,  and  each  per- 
forated for  1  ft.  of  its  length)  are  attached  by  90°  elbows  to  six  legs, 
one  at  each  end  of  each  pipe;  these  legs  are  connected  by  T's  to  two 
transverse  and  three  longitudinal  pipes  which  form  a  base  on  the 
bottom  of  the  canal.  Through  all  these  pipes  the  water  circulates  freely 
and  conducts  the  pressure  into  a  |-in.  pipe,  more  than  100  ft.  long, 
on  the  bottom  of  the  channel,  to  an  opening  near  the  bottom  of  the 
canal  wall,  through  which  the  pipe  extends  to  the  "lower  tube"  (in 
the  gauge-house),  on  which  the  readings  of  this  instrument  were  taken. 

The  three  pipes  containing  the  perforations  are  parallel  to  the 
sides  and  bottom  of  the  canal.  In  each  pipe  there  are  four  rows  of 
y\-in.  circular  holes.  These  rows  are  90°  apart,  and  the  holes  in  the 
rows  are  1  in.  apart.  The  perforations  farthest  up  stream  are  31-J  in. 
down  stream  from  the  up-stream  legs  previously  mentioned,  and  the 
perforations  continue  down  stream  to  within  6^  in.  of  the  down- 
stream legs. 

The  curve  which  the  readings  of  this  piezometer  determine  is  shown 
on  Plate  XCIII. 

(7).— With  the  15-rt.  Tape. 

Heads  were  measured  with  this  tape  14.82  ft.  up  stream.  The  curve 
determined  by  plotting  these  heads  is  shown  on  Plate  XCIII. 

(8).— With  the  16-Ft.  One-Tube-Piezometer. 

The  16-ft.  one-tube-piezometer  had  only  one  perforated  pipe;  the 
13-ft.  three-tube-piezometer  had  three.  The  former  instrument  was 
replaced  by  the  latter,*  and  the  readings  of  both  these  piezometers  were 
taken  on  the  "lower  tube"  in  the  gauge-house. 

This  single  perforated  tube  was  42  in.  above  the  bottom  of  the 
canal  and  parallel  to  the  direction  of  the  flow,  the  center  of  the  line 
of  perforations  being  15  ft.  8|  in.  up  stream  and  8  ft.  7^  in.  from  the 
south  side  of  the  canal. 

•  Cornell   Hydraulic   Laboratory   Records,    October   18th,    1901. 
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The  results  obtained  by  measuring  the  heads  with  this  piezometer 
are  shown  by  the  curve  for  this  instrument  on  Plate  XCIII. 

(i)). — With   the  Point-Gauge   at   the   Crest. 

The  point-gauge  has  been  described  on  pages  1575  and  1581.  The 
difference  between  the  readings  of  this  instrument  and  those  of  the 
"standard"  are  so  great  that  they  cannot  be  shown  on  Plat€  XCIII, 
therefore  the  equations  of  the  curve  are  given  instead  of  the  curve  itself. 

Let  y  =  the  readings  of  the  point-gauge. 

and  X  =  the  reading  of  the  "standard,"  all  in  double  centimeters. 

For    values    of    x    between    14    double    centimeters    and    39.1    double 

centimeters, 

y  =  0.8427  X  +  0.125. 

For   values   of   x   between   39.1    double   centimeters    and   41.5   double 

centimeters,  „^„.„        ,     ^  ►,„. 

y  =  0.8016  X  +  1.734. 

(10).— With  the  Hook-Gauge  in  the  Bazin  Pit. 

With  the  intention  of  measuring  the  heads  on  the  lower  standard 
weir  (height  6.65  ft.)  exactly  as  Bazin  measured  those  on  his  stand- 
ard weir,  and  thus  justifying  the  use  of  Bazin's  formula  for  computing 
the  discharges  over  this  weir,  the  "Bazin  pit"  was  constructed  in  1903. 

Bazin's  standard  weir  was  1.135  m.  high,  and  he  measured  the 
heads  on  this  weir  in  a  chamber  by  the  side  of  the  canal  into  which 
the  water  entered  through  a  4-in.  circular  opening,  the  end  of  which 
was  flush  with  the  canal  wall.  The  center  of  this  opening  was  5  m. 
up  stream  from  the  vertical  plane  containing  the  crest  of  the  weir, 
thus  making  the  ratio  of  the  distance  up  stream,  where  heads  were 
measured,  to  the  height  of  the  weir,  5  -^  1.135,  or  4.42. 

The  height  of  the  Cornell  weir  is  6.65  ft.  and  the  distance  up  stream 
to  the  center  of  the  4-in.  opening  (35  in.  above  the  bottom  of  the  canal) 
is  29.88  ft.,  making  the  ratio  above  mentioned  29.88  ^  6.65,  or  4.49, 
a  value  almost  exactly  the  same  as  that  given  liy  the  conditions  at 
Bazin's   weir. 

The  Bazin  pit,  5  ft.  long,  3  ft.  4  in.  wude,  and  10  ft,  8  in.  deep, 
has  its  length  at  right  angles  to  the  direction  of  the  canal.  The  dis- 
tance between  the  canal  and  the  pit  is  3  ft.  6  in.  The  sloping  roof  over 
this  pit  is  shown  at  the  left  of  Fig.  3. 
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The  height  of  the  water  in  the  Bazin  pit  was  measured  with  a  hook- 
gauge  which  was  firmly  fastened  to  the  timbering  on  the  west  side  of 
the  pit. 

The  relation  between  the  heads  measured  in  the  Bazin  ]iit  and  the 
same  heads  measured  with  the  15-ft.  tape  has  been  deduced  from  the 
readings  herewith  presented,  these  readings  having  been  taken  simul- 
taneously.    (See  Table  B.*) 

Letting  y  =  heads  by  the  15-ft.   tape,  in  feet; 

and  X  =  heads  by  Bazin  pit,  in  double  centimeters; 

the  equation, 

y   =  0.06535   X   +   0.0029, 

expresses  the  relation  between  them  for  heads  up  to  4  ft.  From  the 
relation  thus  expressed,  the  curve  for  the  Bazin  pit  on  Plate  XCIII 
has  been  drawn. 

III. — Hydraulic  Laboratory  of  Cornell  University. 
A . — D  escription. 

At  the  north  boundary  line  of  the  campus  of  Cornell  University, 
and  on  the  south  bank  of  the  magnificent  Fall  Creek  Gorge,  is  located 
Cornell's  famous  Hydraulic  Laboratory.  Fig.  1  shows  the  lower  stand- 
ard weir  (height  fi.65  ft.),  a  part  of  Fall  Creek  Gorge,  the  falls,  the 
dam,  the  laboratory  building,  Beebe  Lake,  and  the  west  end  of  the 
canal,  as  they  appear  during  the  high-water  season.  Fig.  2  is  a  clearer 
view  of  the  laboratory  building,  the  gorge,  and  the  dam.  Fig.  3  shows 
the  west  or  lower  end  of  the  canal.  The  standard  weir  (height  11.25 
ft.)  at  the  east  or  upper  end  of  the  canal,  Beebe  Lake,  and  a  portion 
of  the  forest  on  the  campus  of  Cornell  University  are  shown  in  Fig.  4. 
The  canal  is  10  ft.  deep,  16  ft.  wide,  and  350  ft.  long  between  the  two 
standard  weirs;  its  walls  are  of  smooth  concrete,  and  18  in.  thick. 

The  upper  weir  chamber,  at  the  east  end  of  the  canal,  is  59  ft.  long, 
17.7  ft.  deep,  and  16  ft.  wide.  It  contains  a  baffle,  46  ft.  above  the 
weir.  There  are  six  sluice-gates  at  the  head  or  east  end  of  the  canal, 
and  the  10-ft.  and  16-ft.  tapes  are  located  there.  The  position  of  the 
baffle  below  this  weir  can  be  seen  in  Fig.  4.  The  six  sluice-gates  are 
operated  with  rack  and  pinion  by  iron  levers  about  6  ft.  long. 

As  detailed  drawings  and  descriptions  of  the  Hydraulic  Laboratory 

*  With  other  Tables,  filed  in  the  Library  of  the  Society. 
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of  Cornell  University  liave  appeared  in  several  publications,*  no  addi- 
tional matter  need  be  given  here.  The  various  ga.uges,  tapes,  piezome- 
ters, and  other  devices  used  for  measuring  heads  have  already  been 
described. 

B. — Method  Used  for  Measuring   Water. 

In  the  Cornell  Laboratory  there  was  no  equipment  by  which  the 
discharge  could  be  measured  volumetrically.  The  quantity  of  water 
wliich  flowed  over  the  standard  weirs  for  known  heads  was  compiled 
by  using  the  weir  formidas  of  Francis,  Fteley  and  Stearns,  and  Bazin. 

Experiments  were  made  by  running  the  same  quantity  of  water 
over  the  two  weirs  in  succession,  measuring  the  heads  on  both,  and 
from  these  heads,  by  use  of  the  three  weir  formulas  named,  the  dis- 
charge was  computed. 

For  computing  the  quantities  of  discharge  in  this  paper,  Bazin's 
formula  has  been  used,  or,  what  is  equivalent  to  the  use  of  this  formula, 
tlie  curve  previously  mentioned  (page  1556),  wliich  was  constructed  for 
the  standard  weir  of  height  6.65  ft. 

The  Bazin  pit  (page  1585)  was  put  into  actual  use  for  the  first  time 
during  the  afternoon  of  June  22d,  1903.  All  heads  read  in  this  pit 
are  used  directly  on  the  diagram  for  ascertaining  the  corresponding 
discharge. 

By  a  long  series  of  comparisons,  the  relation  between  the  heads 
measured  in  the  Bazin  pit  and  those  measured  by  some  other  method 
simultaneously,  have  been  found,  and  this  has  been  expressed  in  the 
form  of  equations.  By  the  use  of  these  equations,  all  heads  read  on 
either  of  the  .standard  weirs  have  been  reduced  to  equivalent  Bazin 
pit  readings  before  being  used  in  the  diagram. 

It  may  be  said,  therefore,  that  the  quantities  of  water  herein  given 
as  being  measured  in  the  Cornell  Hydraulic  Laboratory  have  been 
determined  by  using  a  weir  similar  to  Bazin's  standard.  The  heads 
on  this  weir  were  measured  just  as  Bazin  measured  them,  and  the 
quantities  were  computed  from  the  heads  thus  rend  by  using  Bazin's 
formula    (page   1556) . 

•  Enrjineerinf)  News.  Vol.  41,  March  2d,  1899.  Transactions.  Am.  Soo.  C.  E., 
Vol.  XLIV,  p.  285.  "Report  on  New  York  Water  Supply,"  by  John  R.  Freeman, 
M.  Am.  Soc.  C.  E.,  p.  129.  "Accuracy  of  Stream  Measurements,"  by  E.  C.  Murphy, 
M.  Am.  Soc.  C.  E.,  for  U.  S.  GeoloKical  Survey,  p.  60.  "Weir  Experiments, 
Coefficients,  and  Formulas."  by  Robert  E.  Horton,  M.  Am.  Soc.  C.  E.,  Water  Supply 
Paper  No.    150,   U.   S.   Geological   Survey,   p.   86. 
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In  all  the  Cornell  experiments  a  correction  has  been  applied  for 
leakage.  Leakage  runs  were  made  frequently  in  order  to  determine 
the  amount  of  this  correction.  By  using  saw-dust  to  stop  up  the 
small  openings  around  the  gates  in  the  lower  end  of  the  canal,  the 
leakage  was  kept  small. 

C. — Method  of  Running  Experiments  on  Models. 

Some  of  the  models  on  which  experiments  were  performed  were 
built  over  the  upper  standard  weir  (height  11.25  ft.)  and  others  were 
built  over  the  lower  standard  weir  (height  6.65  ft.).  When  a  model 
was  built  over  one  weir,  the  quantity  of  water  used  during  the  experi- 
ments was  measured  over  the  other.  After  opening  the  sluice-gates 
at  the  upper  end  of  the  canal  a  sufficient  height  to  give  approximately 
the  head  desired,  and  waiting  from  10  to  30  min.  for  conditions  to 
settle,  readings  on  the  various  devices  for  measuring  the  head  on  the 
model  and  on  the  standard  weir  were  begun,  and  these  were  continued 
for  from  10  to  30  min.  The  means  of  the  readings  taken  during  a 
run  were  used  to  determine  the  head  for  that  run  or  experiment.  The 
readings  for  all  the  devices  from  which  the  mean  readings  were  derived 
were  taken  during  the  same  period  of  time. 

The  differences  between  these  mean  readings  and  the  zeros  of  the 
instruments  used  were  the  head  required  (page  1575). 

While  the  experiment  or  run  was  in  progress,  independent  check 
readings  were  taken  on  all  the  measuring  devices. 

IV. — Hydraulic  Laboratory  of  the  University  of  Utah. 
A. — Location. 

The  Hydraulic  Laboratory  of  the  University  of  Utah  is  on  the  small 
city  reserve,  in  the  eastern  part  of  Salt  Lake  City,  jiist  north  of  the 
University  campus.  This  enclosure  contains  the  Thirteenth  East 
Street  Reservoir  (a  part  of  the  city  water-works  system),  the  Hy- 
draulic Laboratory  of  the  University  of  Utah,  and  a  small  area  sur- 
rounding them.  Figs.  7,  8,  and  9  are  general  views  of  the  laboratory 
and  the  reservoir.  Fig.  13  contains  a  general  plan  and  two  cross- 
sections  of  these  structures.  The  authorities  of  Salt  Lake  City  have 
very  kindly  permitted  the  University  to  construct  the  canals,  pipe 
lines,  measuring  basin,  and  laboratory  building  on  city  property,  and 
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allow    the    city    water    coming    to    tliis    reservoir    to    be    used    in    the 
laboratory. 

B. — Source   of    Water  Stipply. 

Tlie  water  supply  for  the  Thirteenth  East  Street  Reservoir  comes 
from  Emigration,  Parley's,  and  Big  Cottonwood  Canyons,  which  are 
in  the  Wasatch  Mountains,  south  and  east  of  Salt  Lake  City. 

G. — Pipe  'Lines. 

The  water  is  carried  to  a  settling  tank  and  valve-house  east  of 
the  reservoir  in  closed  pipes  and  conduits.  From  this  valve-house  the 
two  pipes  leading  directly  west  are  shown  in  part  on  Fig.  13.  One 
is  an  IS-in.,  vitrified  pipe,  the  other  a  12-in.  cast-iron  pipe.  The  18-in. 
vitrified  line  leads  into  the  reinforced  concrete  "intake"  box  of  the 
laboratory,  from  which  water  is  taken  to  the  laboratory  proper  through 
an  18-in.  machine-banded  wood-stave  pipe,  750  ft.  long.  The  18-in. 
vitrified  line  leading  from  the  "intake"  to  the  reservoir  serves  only 
as  an  overflow,  as  its  upper  end  is  some  4  ft.  higher  than  the  upper 
end  of  the  pipe  leading  to  the  laboratory.  This  over-flow  pipe  has 
at  its  upper  end  a  90°  bend  into  which,  bell-end  up,  a  length  of  vitri- 
fied pipe  is  fastened.  This  gives  the  outflow  line  a  comparatively  great 
carrj'ihg  capacity  for  only  a  slight  increase  of  head;  thus  it  assists 
greatly  in  keeping  constant  both  the  heads  and  discharges  in  the 
laboratory.  The  valves  regulating  the  quantity  of  water  used  in  the 
laboratory  are  at  or  near  the  lower  end  of  the  supply  pipe.  As  the 
fall  from  the  intake  box  to  the  laboratory  is  about  YO  ft.,  the  hydro- 
static pressure  available  in  the  laboratory  from  this  source  is  about 
30  lb.  per  sq.  in.  There  is  available  for  use  in  the  laboratory,  how- 
ever, a  supply  of  water  from  a  6-in.  city  main  which  will  produce 
a  hydrostatic  pressure  of  about  160  lb.  per  sq.  in.  When  the  equip- 
ment for  the  building  is  put  in  place,  a  connection  will  be  made  with 
this  line. 

D. — Canals   and  Measuring   Basin. 

The  canals  and  measuring  basin  in  the  laboratory  are  of  concrete 
reinforced  with  steel  rods.  The  walls  are  vertical  on  the  inside  apd 
battered  on  the  outside.  The  floors  or  bottoms  of  these  structures 
are  practically  horizontal.  It  would  be  much  easier  to  clean  them  if 
the  bottoms  had  some  slope. 
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(1).— Canal  No.  1.— Baffle. 

At  the  upper  end  of  Canal  No.  1  (shown  at  the  right  of  Fig,  10) 
there  is  a  receiving  basin  8  ft.  square  having  on  three  sides  walls 
10.28  ft.  high.  The  water  is  discharged  vertically  from  the  wood-stave 
pipe  into  tliis  basin  through  an  18-in.  east-iron  bend,  which  is  shown 
in  the  cross-section  of  the  south  end  of  the  laboratory  building. 

From  this  basin  the  water  flows  through  a  baffle  (marked  on  Fig. 
13)  into  Canal  No.  1.  The  bottom  of  this  canal  is  1  ft.  higher  than 
that  of  the  intake  basin.  Its  walls  are  6.28  ft.  high,  and  it  is  2  m., 
or  6.56  ft.,  wide  and  50  ft.  long.  This  canal  is  seen  at  the  right  of 
Fig.  10. 

This  baffle  is  near  the  upper  end  of  the  canal,  and  is  of  timbers, 
6  in.  wide  and  1|  in.  deep,  which  fit  into  vertical  grooves  in  the  canal 
walls  (Fig.  10).  The  individual  timbers  are  6  in.  wide  on  the  up- 
stream side,  3  in.  wide  on  the  down-stream  side,  and  6  in.  thick  hori- 
zontally. One  of  these  timbers  can  be  seen  above  the  water  in  Fig.  10. 
The  space  between  these  timbers  is  3  in.  wide  on  the  up-stream  side, 
6  in.  wide  on  the  down-stream  side,  and  6  in.  across  in  a  horizontal 
direction,  the  same  as  the  timbers.  These  timbers  are  fairly  well 
shown  in  Fig.  11,  which  is  a  view  of  the  baffle  in  the  upper  end  of  the 
measuring  basin.  These  three  baffles  are  similarly  constructed,  and 
their  locations  are  marked  on  Fig.  13.  The  theory  on  which  these 
baffles  are  built  is  that  both  the  "head"  and  the  velocity  of  the  water 
passing  through   these  spaces,   or   rather   "sudden   enlargements,"   will 

lie  greatly  decreased. 

(2).— Canal  No.   2. 

From  Canal  No.  1,  water  can  flow  into  Canal  No.  2  in  two  ways — 
either  over  the  weir  in  the  lower  end  of  the  former  channel  or  through 
the  12-in.  by-pass  valve  just  outside  the  canal  near  its  lower  end.  From 
the  bottom  of  Canal  No.  1  to  the  bottom  of  Canal  No.  2  there  is  a 
vertical  drop  of  5  ft.  This  canal,  like  the  former,  is  2  m.,  or  6.56  ft., 
wide  and  50  ft.  long.  Its  walls  are  8.28  ft.  high.  The  baffle  is  similar 
to  that  just  described.  The  upper  timber  of  the  baffle,  and  the  whole 
of  this  canal,  with  the  weir  and  by -pass  valve  at  its  lower  end,  are 
shown  clearly  in  Fig.   10. 

(3).— Canal  No.  3. 
From  Canal  No.  2  water  can  flow  into  Canal  No.  3  in  the  same 
two  ways  as  those  just  described,  namely,  over  the  weir  and  through 
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the  12-in.  hy-pn.^s  valv(>  (Fijr.  10).  Tlie  strai{j:ht  portion  of  this  canal 
is  62  ft.  long,  the  walls  are  3  ft.  high,  and  its  width  is  also  6.56  ft. 
Its  bottom  is  at  the  same  elevation  as  that  of  the  one  above  it.  In- 
stead of  using  a  valve  for  a  by-pass  from  this  canal,  a  hole,  semi- 
circuliir  at  the  top  and  0  in.  in  diameter,  with  a  width  of  6  in.  at 
the  bottom,  is  cut  through  the  wooden  bulkhead  at  the  bottom  of  the 
canal.  A  piece  of  1-in.  lumber  covered  with  rubber  packing  or  gasket 
serves  to  keep  water  from  Hewing  through  this  opening. 

(4). — The  Measuring  Basin. — Method  of  Determining  Capacity. 

The  measuring  basin  in  this  laboratory  is  150  ft.  long,  16  ft.  wide, 
and  its  walls  are  10  ft.  high.  Therefore  its  nominal  capacity  is  24  000 
cu.  ft.,  or  180  000  gal.  The  west  wall  is  shown  just  above  the  coping 
of  the  reservoir  wall  in  Fig.  7.  The  inside  of  the  basin  can  be  seen 
in  Fig.  8,  also  the  bulkhead  of  12  by  12-in.  timbers  at  its  lower  end, 
with  the  stem  of  the  12-in.  by-pass  valve  just  above  and  to  the  right 
of  them.  The  top  of  the  baffle  in  the  upper  end  of  the  basin  is  shown 
only  slightly  in  Fig.  8.  It  is  seen  clearly,  however,  in  the  lower  por- 
tion of  Fig.  11.  A  good  view  of  the  west  wall  of  the  basin  with  its 
buttresses  is  shown  also  in  Fig.  12.  The  wasteway  at  the  lower  end 
of  the  basin,  with  water  flowing  over  it,  is  shown  at  the  left  of  Fig.  7. 

At  the  upper  end  of  the  basin  there  is  a  cast-iron  waste-gate,  2  ft. 
wide  and  2  ft.  6  in.  long,  which  rotates  on  hinges  at  its  upper  edge. 
When  closed,  the  i)lane  of  this  gate  makes  an  angle  of  30°  with  the 
vertical;  when  open,  it  is  i)ractically  horizontal.  The  gate  is  opened 
with  a  chain,  one  end  of  which  is  attached  to  the  gate  and  the  other 
to  a  round  2-in.  rod  operated  with  a  lever  and  ratchet. 

The  water  from  this  gate  and  that  wasted  by  the  diverting  ap- 
paratus flows  into  the  reservoir  through  the  reinforced  concrete  channel 
shown  in  Figs.  7,  9,  and  12. 

By  careful  measurements,  the  areas  of  horizontal  cross-sections  of 
this  basin,  1  ft.  apart,  have  been  ascertained.  The  lengths  and  widths 
of  these  sections  were  found  by  using  two  plumb-bobs.  For  example, 
to  find  the  length  of  a  particular  section,  the  two  plumb-boKs  wore 
hung  near  the  ends  of  the  section  and  in  a  plane  parallel  to  the  siiles 
of  the  channel.  The  distance  required  is  that  between  the  two  strings, 
plus  the  two  distances  of  the  strings  from  their  respective  walls.  The 
distance  between  the  strings  was  measured  accurately  and  conveniently 
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with  a  steel  tape,  and  that  from  the  wall  to  the  string,  at  any  desired 
point,  with  a  rule  graduated  to  hundredths  of  a  foot. 

(5). — Diverting  Device. 

As  sho'wn  in  Fig.  12,  the  device  for  diverting  the  water  into  and 
over  the  edge  of  the  measuring  basin  is  a  car,  or  sloping  channel,  on 
wheels.  With  the  car  in  the  position  shown,  the  water  is  flowing  into 
the  measuring  basin.  If  the  car  were  pushed  to  the  right  until  its 
vertical  ends  and  those  of  the  walls  of  the  canal  were  in  contact,  the 
water  would  flow  along  the  bottom  of  the  car  and  be  discharged  out- 
side of  the  wall  of  the  measuring  basin  and  into  the  concrete  waste- 
way  shown  in  the  figure.  The  plan  and  cross-section  of  this  portion 
of  the  laboratory  (Fig.  13)  also  show  how  this  device  operates.  The 
inside  of  this  car,  in  horizontal  projection,  measures  8  ft.  in  the  di- 
rection of  the  slope  and  7  ft.  at  right  angles  to  it,  and  the  bottom 
has  a  slope  of  1  ft.  9  in.  The  wheels  run  on  iron  rails.  The  channel 
or  body  is  lined  with  galvanized  iron.  At  the  east  end  of  the  car 
(Fig.  12)  there  is  a  framework  the  vertical  members  of  which  are 
channel  irons  in  which  a  wooden  gate  slides.  The  gate  can  be  lowered 
suddenly  with  the  trip  shown  in  the  figure.  If  the  gate  is  lowered  in 
this  way,  when  a  comparatively  large  stream  of  water  is  being  wasted, 
the  force  of  the  water  assists  materially  in  pushing  the  car  to  the 
left  so  as  to  allow  the  water  to  flow  into  the  measuring  basin.  For 
small  streams,  the  sharp  and  turned-up  cutting  edge  of  the  galvanized- 
iron  lining  of  the  bottom  of  the  car,  seen  clearly  in  the  figure,  can 
be  passed  easily  and  quickly  through  the  flowing  stream  without  the 
aid  of  the  water.  The  time  at  which  the  diversion  is  made  can  be 
observed  accurately,  and  therefore  the  time  of  beginning  and  closing 
a  run  can  be  determined. 

(6). — -Weirs. 

At  the  lower  ends  of  the  concrete  canals  there  are  weirs  with  sharp 
edges  and  without  end  contractions.  These  are  of  4  by  4-in.  timbers 
with  6  by  3^  by  |-in.  angle  irons  on  top,  the  6-in.  leg  being  vertical. 
The  edge  of  this  vertical  leg  is  machined  carefully  and  placed  accu- 
rately in  a  horizontal  position. 

The  crest  of  the  weir  in  Canal  No.  1  is  3.72  ft.  above  the  bottom 
of  the  channel  of  approach;  that  is,  its  height  is  the  same  as  that  of 
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Bazin's  standard  weir.  The  height  of  the  weir  in  Canal  No.  2  is 
6.65  ft.,  the  same  as  that  of  the  lower  standard  weir  in  the  Hydraulic 
Laboratorj'  of  Cornell  University;  the  height  of  Weir  No.  3  is  1.64  ft. 
The  nominal  lengths  of  all  these  weirs  is  2  m.,  or  6.5G  ft. 

Weir  No.  1,  for  all  the  experiments  made  on  it  and  contained 
herein,  had  its  length  cut  down  from  6.56  ft.  to  1.77  ft.,  so  as  to  get 
a  higher  head  with  the  water  available.  One  side  of  the  channel  of 
approach  for  this  short  weir  was  composed  of  a  framework  of  2-in. 
plank  which  extended  20  ft.  up  stream.  Water  stood  at  the  same  ele- 
vation on  both  sides  of  this  partition.  The  bulkhead  constructed  in 
the  vertical  plane  of  the  weir  was  made  water-tight. 

(7).— Pits  for   Stilling  Water. 

Above  Weirs  Nos.  1  and  2,  pits  have  been  built  on  each  side  of 
and  toiiching  the  outside  of  the  canal.  These  have  been  patterned 
after  those  used  by  Bazin. 

Above  each  of  these  two  weirs  there  are  four  pits,  shown  on  Fig.  13 ; 
two  are  6  ft.,  and  two  are  16  ft.  6  in.,  up  stream  from  the  crest.  These 
pits  have  the  same  depth  as  the  canal  to  which  they  are  attached.  The 
water  is  admitted  to  them  through  a  4-in.  pipe  having  its  ends  cut 
off  flush  with  the  side  of  the  channel.  These  pits  have  equal  horizontal 
measurements  of  1  ft.  6  in.  inside. 

E. — Measuring   Heads. 

Although  the  actual  heads  on  these  weirs  could  be  measured  most 
accurately,  perhaps,  in  the  stilling  pits  just  described,  they  have  not 
been  measured  in  this  way  because,  under  usual  conditions  in  practice, 
this  cannot  be  done.  As  the  reading  of  heads  with  a  tape  and  plummet 
is  a  method  which  can  be  applied  easily  to  almost  any  case,  it  has 
been  adopted  in  the  Hydraulic  Laboratory  of  the  University  of  Utah. 

For  measuring  heads  on  Weirs  Nos.  1  and  2,  each  tape  is  15  ft. 
up  stream  from  the  weir  crest.  For  Weir  No.  3  the  tape  is  5  ft.  up 
stream  from  the  crest.  The  zero  readings  of  these  tapes  were  deter- 
mined in  the  manner  described  on  page  1575. 

The  depths  of  water  in  the  measuring  basin  at  the  beginning  and 
end  of  a  run  are  measured  by  two  tapes  simultaneously,  one  near  the 
south  and  the  other  near  the  north  end  of  the  measuring  basin. 
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V. — Notation. 

Q  =  Quantity  of  flow,  in  cubic  feet  per  second  per  foot  of  len^h 
of  weir; 

Qm  =  Quantity  of  flow,  in  cubic  feet  per  second  per  foot  of  length 
of  weir,  as  actually  measured; 

Qc  =  Quantity  of  flow,  in  cubic  feet  per  second  per  foot  of  length 
of  weir,  as  computed  by  the  trial  formula,  log. 
Q^  =  1.5000  log.  h  +  0.5000; 

Qg  =  Quantity  of  flow,  in  cubic  feet  per  second  per  foot  of  length 
of  weir,  as  computed  by  the  Bazin  formula ; 

h  =  Head,  in  feet,  on  the  weir,  or  the  vertical  distance  between 
the  plane  containing  the  surface  of  the  water  in  the 
channel  of  approach  and  the  horizontal  plane  contain- 
ing the  crest  of  the  weir; 

Ht.  or  Height  =  Height,  in  feet,  of  the  crest  of  the  weir  above 
the  bottom  of  the  channel  of  approach ; 

"15-Ft.  Tape  Head"  means  that  the  head  on  the  weir  was  meas- 
ured with  a  tape  and  plummet  15  ft.  up  stream  from  the 
crest  of  the  weir; 

K     =   the  term     1  -}-  0.55   (  — TTt)  "I  ■<  i'^  ^^^^  Bazin  formula  : 

2     /         „  3      0.014S\     r  /      h     \-^  , 

«»   =   IT    (0-6076  +  -^)    [l  +  0.=.,  (^--)    ]  /,  V2<,*. 

VI. — Comments  and  Acknowledgments. 

Much  of  the  information  contained  in  this  paper,  as  has,  no  doubt, 
been  observed,  is  based  on  the  results  of  investigations  cari'ied  on  in 
the  Hydraulic  Laboratory  of  Cornell  University.  These  experiments 
were  all  performed  under  the  close  personal  supervision  of  Professor 
Williams,  to  whom  the  writer  is  indebted  for  several  corrections  in 
the  descriptions  of  apparatus  used,  and  for  many  helpful  suggestions 
during  the  whole  period  covered  by  the  preparation  of  this  paper. 
It  was  Professor  Williams  who  pointed  out  the  way  that  led  to  this 
study,  and  who,  while  the  ^vriter  was  a  graduate  student  at  Cornell 
University,  drew  the  writer's  attention  to  the  fact  that  "the  formula, 
(3  =  w,  /(,",  is  a  perfectly  logical  one,  and  about  the  simplest  that  can 
be  applied  to  the  flow  of  water."* 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVII,  p.  369. 
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Tlu'  methods  used  in  working-  uj)  the  data  are  largely  original,  there- 
fore, the  progress  made  has  been  slow.  Were  the  work  to  be  done  again, 
it  could  be  accomplished  in  a  fraction  of  the  time  that  has  been  spent 
on  it. 

To  Dr.  Schoder,  at  present  Engineer  in  Charge  of  the  Hydraulic 
Laboratory  of  Cornell  University,  to  Mr.  T.  J.  Rodhouse,  scholar  in 
Civil  Engineering,  to  Mr.  Albin  H.  Beyer,  to  Claude  Berrj',  and 
Charles  R.  Wyckoff,  Associate  Members,  Am.  Soc.  C.  E.,  and  to  Mr. 
K.  B.  Turner,  instructors  and  graduate  students  doing  experimental 
work  in  hydravdics  in  Cornell  University  during  the  years  1902-04,  the 
writer  is  indebted  for  assistance  in  performing  the  experiments,  and  in 
making  computations  on  the  original  data. 

For  assistance  in  conducting  the  experiments  in  the  Hydraulic 
Laboratory  of  the  University  of  Utah  and  in  making  the  final  com- 
putations, the  writer  is  indebted  to  Mr.  Frank  W.  Becraft,  and  for 
the  excellent  work  in  drafting  shown  on  the  plates  he  is  indebted  to 
Mr.  Hugh  C.  Lewis,  University  of  Utah.  The  writer  must  also  men- 
tion the  fact  that  valuable  suggestions  and  assistance  have  been  re- 
ceived from  Messrs.  Thomas  F.  McDonald,  A.  Z.  Richards,  T.  Ross 
Wilson,  Jr.,  and  Junius  J.  Hayes,  all  graduates  of  the  State  School 
of  Mines,  University  of  Utah,  and  former  students  in  hydraulics  in 
the  classes  conducted  by  the  writer. 

Finally,  the  writer  should  mention  the  excellent  work  of  Mr, 
Clinton  C.  Cass,  the  Mechanician  of  the  Hydraulic  Laboratory  of 
Cornell  University,  who  constructed  the  models,  also  Messrs.  Charles 
Forsberg,  Master  Mechanic,  and  John  A.  Carlson,  Head  Carpenter, 
L'niversity  of  Utah.  Dr.  J.  H.  Paul  of  the  University  of  Utah  reviewed 
the  manuscript. 
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H.  T.  Cory,  ^L  Am.  Soc.  C.  E.  (by  letter). — The  writer  has  been  Mr. 
surprised  and  greatly  interested  at  the  reception  of  this  paper  by  those  ^^^ 
connected  with  the  several  interests  involved.  Though  especial  effort 
was  made  to  be  fair  and  dispassionate  in  the  presentation  of  the  vari- 
ous features  of  the  work  and  situation,  yet  so  much  bitterness  has  been 
engendered  between  many  of  the  various  agencies  in  the  development 
of  the  region  that  it  was  felt  impossible  to  write  anything  worth  while 
and  avoid  causing,  in  many  quarters,  a  feeling  of  unfairness.  The 
discussions  by  Mr.  Sellew  and  Mr.  Chaffey  contain  all  matters  of 
that  kind  of  which  the  writer  has  been  able  to  learn,  and  Mr.  Chaffey's 
discussion  deals  primarily  with  matters  concerning  which  the  writer 
at  no  time  had  any  personal  knowledge.  The  other  discussions,  nu- 
merous conversations,  letters  from  officials  of  the  Southern  Pacific 
Company,  of  the  United  States  Eeclamation  Service,  of  the  Interior 
and  State  Departments  of  the  National  Government,  of  the  California 
Railroad  (Public  Utilities)  Commission,  of  the  California  Develop- 
ment Company  and  most  of  the  Mutual  Water  Companies  in  Imperial 
Valley,  of  the  Imperial  Irrigation  District,  and  from  Mr.  Rockwood 
and  several  of  his  associates  in  the  project,  have  all  expressed  apprecia- 
tion for  the  fairness  of  the  presentation.  In  several  cases  minor 
changes  in  wording  have  been  suggested,  but  it  is  a  source  of  much 
pleasure  that  all  these  seemed  to  be  not  only  fair  but  an  improve- 
ment, and  every  one  of  these  changes  has  been  made. 

•  Continued  from  August,  1913,  Proceedinge. 
t  Author's  closure. 
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Mr.  The  writer  must  confess  that  he  has  often  felt  very  pessimistic  and 


Corj'. 


impatient  about  the  unreasonable  attitude  and  stubbornness  of  a 
prejudiced  man,  and  therefore  such  a  result  is  most  interesting  and 
encouraging.  Possibly,  after  all,  misunderstanding  is  responsible  for 
much  of  the  failure  to  appreciate  the  work  and  real  motives  of  others. 
At  any  rate,  this  is  a  striking  illustration  of  men  of  affairs  taking  a 
common  ground,  or  at  least  a  tolerant  appreciation  of  others'  actions 
and  opinions,  when  all  the  facts  of  a  complex  situation  are  systemati- 
cally set  forth  in  an  apparently  fair  and  comprehensive  way,  even  with 
the  handicap  of  strong  feelings  in  the  matter  based  on  partial  or  mis- 
leading information.  If  such  better  understanding  will  result  in  less 
misapplied  energy  in  completing  the  work  thus  started,  the  writer's 
efforts  will  be  very  well  repaid. 

The  next  most  interesting  things  brought  out  by  the  discussions 
are  the  opinions  as  to  the  contents  of  the  paper.  Mr.  Sellew  regrets 
that  the  record  of  engineering  operations  was  "partly  obscured  by  a 
mass  of  legal  and  financial  entanglements  which  properly  have  no 
place  in  a  purely  engineering  article."  Mr.  Elwood  Mead,  on  the 
other  hand,  finds  that  this  same  obscuring  "mass  of  legal  and  finan- 
cial entanglements"  is  the  most  valuable  part  of  the  paper,  saying: 

"The  chief  value  of  this  paper,  however,  is  not  found  in  its  de- 
scription of  the  engineering  methods  used,  but  in  the  social  and  politi- 
cal conditions,  attending  irrigation  development  in  the  West,  which 
it  reveals.  *  *  *  as  these  are  fundamental  features  of  irrigation 
development,  it  is  that  portion  of  the  paper  which  the  writer  proposes 
to  -discuss." 

Mr.  Buck  confines  his  discussion  largely  to  criticizing  sharply  Mr. 
Sellew's  view.  President  Swain,  in  his  annual  address  recently  deliv- 
ered before  the  Society,  urges  engineers  to  feel  that  their  duty  is  to 
study  and  deal  with  financial,  legal,  and  even  social  entanglements, 
and  not  those  only  of  physics  and  applied  mechanics.  The  views  of 
various  individuals  in  this  regard  are  no  doubt  characteristic  of  their 
respective  holders  and  the  result  of  their  life  experiences. 

Mr.  Robson  has  added  a  more  detailed  study  of  the  evaporation 
at  the  Salton  Sea  and  shows  that  the  figures  given  in  the  paper  were 
somewhat  too  large,  surprisingly  small  though  they  seemed.  It  might 
be  well  to  point  out  that  the  coefiicient,  0.6,  derived  by  Mr.  Eobson 
for  6-ft.  pans  becomes,  by  Professor  Bigelow's  formula,  0.49  for  4-ft. 
pans  and  0.4  for  2-ft.  pans,  in  estimating  the  evaporation  from  large 
water  surfaces  from  experimental  small-pan  data. 

Mr.  Knowles  expresses  the  feeling,  shared  by  many  engineers  as 
well  as  laymen,  that  reservoirs  on  the  head-waters  and  along  the  tribu- 
taries of  streams  subject  to  disastrous  floods  offer  the  best  means  of 
flood  control  in  theory,  and  ofttimes  in  practice.     It  is  probable,  as  a 
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matter  of  fact,  that  Messrs.  Knowles,  Sellew.  Gnin^ky,  and  the  writer   Mr. 
are  not  far  aiiart  in  this  matter,  and  that  all  agree  that  the  extent  to    *"^^ 
which  such  methods  may  be   feasible  differs   with   each  stream.     Mr. 
Knowles  asks  for  data  relative  to  this  question,  but  it  is  believed  that 
those  presented  by  Mr.  Sellew  and  the  writer  are  all  there  are. 

Concerning  these  data,  however,  it  is  important  to  remember  that 
neither  ^fr.  Sellew  nor  the  writer  has  any  personal  knowledge  of  the 
storage  possibilities  in  the  water-shed,  and  both  agree  that  the  avail- 
able published  facts  are  not  sufficient  to  determine  the  feasibility  of 
complete,  or  the  extent  of  practicable,  reservoir  control  of  the  Colorado 
River.  Consequently,  the  conclusion  reached  by  Mr.  Sellew,  as  a  re- 
sult of  his  analysis,  that  there  is  but  one  available  reservoir  site — 
Browns  Park  with  a  capacity  of  2  200  ODD  acre-ft. — on  the  entire  Colo- 
rado River  water-shed,  is  not  only  startling  but  quite  unwarranted. 
Furthermore,  the  statement  that  "storage  on  the  Gila  is  out  of  the 
question,  as  this  stream  carries  more  silt  during  its  flowing  season 
than  the  Colorado,"  is  quite  out  of  accord  with  the  opinions  of  his 
superiors  in  the  U.  S.  Reclamation  Service,  as  the  Roosevelt  Dam  has 
just  been  completed,  creating  a  reservoir  behind  it  having  a  capacity 
of  1  28-i  000  acre-ft.  at  a  cost  of  $3  697  000,  according  to  the  first  item 
of  Table  23.  This  reservoir  is  on  the  Salt  River,  one  of  the  main 
branches  of  the  Gila,  and  has  all  the  latter's  essential  characteristics. 

As  a  matter  of  fact,  many  reservoirs  will  no  doubt  be  constructed 
on  the  Colorado  River  water-shed,  including  probably  the  Kremmling 
site,  in  spite  of  the  fact  that  at  present  it  "is  in  the  hands  of  inter- 
ests foreign  to  irrigation  or  storage  development,"  and  these  reservoirs 
will  have  considerable  beneficial  effect  in  reducing  flood  flows;  it  is 
immaterial  whether  or  not  the  storage  possibilities  have  been  over- 
astimated,  as  this  can  only  affect  the  extent  of  such  an  influence;  but, 
as  Mr.  Grunsky  says : 

"Whatever  this  may  be,  it  will  not  change  the  river  problem,  ex- 
cept as  to  its  magnitude.  *  *  *  The  same  lack  of  channel  capacity 
will  be  felt  at  high  stages  on  the  lower  river  as  is  felt  to-day,  and  the 
same  problem  of  keeping  the  delta  channels  of  the  river  on  the  Gulf 
slope  will  confront  the  river  engineers  of  the  future  as  confronts  those 
of  to-day,  except  only  that  there  will  be  somewhat  less  water  and  corre- 
spondingly less  silt  to  be  reckoned  with." 

This  is  especially  true  because  below  Yuma  the  river  is  practically 
a  "joint  track"  for  the  Colorado  and  the  Gila,  which  are  very  different 
types  of  streams,  but  each  at  times  alone  causes  approximately  equal 
maximum  flood  heights  from  Yuma  to  the  Gulf.  Of  course,  the  floods 
on  the  Gila  are  flashy  and  those  on  the  Colorado  are  long  sustained, 
but  that  does  not  signify  as  much  as  might  be  thought,  so  far  as  river 
control  is  concerned.  Fortunately,  severe  Gila  and  Colorado  floods 
never  occur  simultaneously. 
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Mr.  As   to   the   quantity   of   water — the   discharge   of   the   Colorado   at 

*"^"  Yuma — the  writer  believes  that  the  first  half  of  Table  3  should  be 
given,  agreeing  with  Mr.  Marshall  that  it  is  always  best  to  set  forth 
all  available  data,  with  explanations — as  was  done  in  this  case — and 
let  the  reader  decide  what  to  use  and  what  to  discard.  The  recorded 
discharges  prior  to  November,  1902,  are  by  no  means  as  reliable  as 
those  after  that  date,  but  that  does  not  mean  that  they  are  worthless, 
though  it  does  mean  that  they  must  be  used  with  care  and  discretion. 
In  this  matter  the  comments  of  Mr.  Grunsky  on  the  reliability  of  the 
measurements  taken  since  that  time,  especially  at  high  stages,  are 
very  pertinent. 

In  any  event,  it  seems  clear  that,  beginning  with  1905,  the  dis- 
charge of  the  river  has  been  markedly  greater  than  normal,  and  that 
long  periods  will  occur  when  the  discharge  will  be  markedly  less  than 
normal — as  is  pointed  out  very  well  by  Mr.  Marshall.  In  the  case 
he  mentions  the  water  is  within  4^  ft.  of  the  rail  base  on  miles  of 
the  very  expensive  Lucin  Cut-off  crossing  the  Great  Salt  Lake,  and 
the  water  is  still  rising.  The  relationship  between  yearly  rainfall  and 
run-off,  even  on  very  large  water-sheds,  and  especially  if  few  widely 
scattered  points  be  taken,  is  by  no  means  constant,  as  Mr.  Marshall 
says,  and  as  the  writer  and  doubtless  many  others  have  learned  from 
time  to  time  to  their  discomfiture.  With  the  existing  data  it  is  not 
safe  to  decide  in  more  than  a  tentative  way  as  to  either  maximum  or 
minimum  quantities.  Mr,  Sellew's  maximum  figures  as  regards  river 
control  are  probably  fairly  close  to  the  truth,  but,  with  respect  to  the 
minimum  for  estimating  safe  irrigable  acreage,  caution  must  be  used. 
Fortunately,  it  will  be  at  least  another  decade  before  all  the  lands 
easily  covered  by  canals  in  these  regions  can  be  brought  under  com- 
plete cultivation,  and  the  dry  cycle  of  years  will  probably  be  well  under 
way,  so  that  the  safe  limit  of  land  which  can  be  served  by  the  natural 
flow  of  the  river  will  be  determined  in  time  to  avoid  excessive 
development. 

With  respect  to  the  rise  of  the  river  bed  at  Yuma,  Mr.  Sellew  is 
correct  in  the  opinion  that  much  more  information  is  necessary  before 
definite  relations  can  be  established  regarding  it.  The  Southern  Pa- 
cific Company,  however,  has  kept  gauge  heights  at  Yuma  since  1878, 
and  these  records  show  a  steady  rise  of  the  river  bed  (taking  averages), 
or  a  steady  increase  of  the  river  discharge.  The  reader  can  judge 
which  is  more  probably  occurring.  Also,  the  old  maps  on  record  in 
the  British  Museum,  in  archives  at  Madrid  and  Mexico  City,  and  in 
the  Bancroft  Library  in  the  University  of  California,  have  been  care- 
fully studied  by  Mr.  Godfrey  Sykes,  of  the  Carnegie  Institution,  in 
connection  with  this  very  matter,  and  the  final  figures  he  has  adopted 
(which  will  appear  in  a  volume  on  the  Colorado  Desert  by  the  Carnegie 
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Institution,  now  in  press)   check  well  wiili  the  "memory  of  a  steam-   Mr. 
boat  captain,"   Capt.   Mellon,   of   Yuma,   quoted   by  the   writer   in   the 
paper. 

Undoubtedly  the  difference  in  elevation  at  any  two  points  on  the 
river  will  change  as  the  length  of  the  river  between  these  points  is 
modified  by  meanderings  of  the  stream;  and,  also,  the  two  points, 
Laguna  Weir  and  the  conglomerate  hills  at  Yuma,  are  the  only  ones 
on  the  lower  river  which  may  be  regarded  as  definitely  fixed — as  was 
pointed  out  in  the  paper  and  again  by  Mr.  Sellew.  The  latter,  how- 
ever, has  mistaken  effect  for  cause  when  he  concludes  that  the  increase 
of  4  ft.  in  difference  of  gauge  height  of  the  river  at  Yuma  and 
Laguna  Weir  "is  plainly  caused  by  the  meanders  of  the  river"  between 
these  two  points.     This  stretch  of  river  had  a  normal  length  of  nearly 
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Fig.  46. 

14  miles,  from  1856  to  1909,  and  this  had  increased  to  17  miles  in 
1912,  because  the  stream  had  lowered  at  Yuma  more  than  3  ft.  as 
shown  by  the  diagram  Fig.  3  (for  reasons  set  forth  in  the  paper), 
though  no  change  is  possible  at  Laguna  Weir.  The  stream  has  re- 
established its  normal  grade  per  mile  by  lengthening  itself,  and,  as 
the  bed  at  Yuma  rises  again,  a  corresponding  shortening  will  follow. 
It  would  seem  that  the  comments  in  the  paper  as  to  the  design 
and  methods  of  construction  of  the  Laguna  Weir  were  not  clear, 
either  to  Mr.  Sellew  or  Mr.  Grunsky.  Fig.  -4(3  shows  diagrammatically 
a  cross-section  of  the  weir  as  built,  and  as  the  writer  proposes.  The 
resulting  structures  would  not  differ  in  function,  concrete  top,  crest 
or  foot  walls,  appearance  when  completed,  or  general  design  in  the 
sense  of  cross-section  above  ground. 
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Mr.  The  difference  is  in  the  omission  of  the  concrete  cross-walls  (which 

Cory.  ... 

were  very  expensive  m  time  and  money)  in  the  second  design,  and 
changes  in  the  method  of  construction  by  driving  the  river  sideways 
ahead  of  rock  and  gravel  tilling  from  trestles,  and  thus  making  it  do 
all  the  excavation.  The  result  would  be  a  greater  yardage  of  rock 
in  the  structure,  but  the  total  cost  of  it  in  place,  including  excavation 
and  everything,  would  certainly  not  have  been  any  more  than  the 
costs  given  for  the  material  placed  in  closing  the  central  section  of 
the  weir— undoubtedly  it  would  be  materially  less  on  account  of  the 
much  more  favorable  conditions  and  the  larger  quantities.  The  figures 
given  by  E.  D.  Vincent,  M.  Am.  Soc.  C.  E.,  Resident  Engineer  on  the 
work,  and  quoted  in  the  paper,  are,  in  round  numbers,  $1  per  yard, 
made  up  of  the  following  items*: 

Labor,   dumping  cars $0,020 

Labor,  general 0.020 

Sundry  supplies  and  implements 0.008 

Railroad  hauling 0.217 

Depreciation,  rolling  stock  and  track 0.062 

Excavation,  rock-quarrying 0.468 

Trestling 0.149 

Proportion  of  storage  of  apron  rock 0.014 

Light  and  water 0.011 

Depreciation,  special  derricks 0.001 

Proportion  of  superintendence 0.032 

Overhead  charges,  Yuma  and  Washington  offices.  .  0.038 

$1,040 

Assuming  the  total  quantity  of  rock  in  the  weir  proper  to  be  even 
twice  that  in  the  structure  as  built,  the  amount  required  would  be 
750  000  cu.  yd.,  or  $750  000.  Concrete  facing  and  other  items  would 
hardly  increase  this  sum  to  $900,000.  As  built,  the  weir  proper  cost 
$1  672  168.20.  Mr.  Clarke's  comments  on  such  methods  of  construction 
are  very  pertinent. 

This  suggested  cross-section  and  method  of  construction  is  funda- 
mentally different  from  that  which  Mr.  Grunsky  mentions  as  recom- 
mending in  1896  for  a  low  dam  in  the  Colorado  in  Iceberg  Canyon — 
a  dam  to  be  constructed 

"of  loose  rock  on  a  sand  foundation  by  blanketing  the  bed  of  the 
river  for  a  considerable  distance  up  and  down  stream  with  broken 
rock,  using  large  blocks  for  the  down-stream  portions  of  the  work, 
allowing  the  water  to  bury  these  as  deep  as  it  would,  and  using  finer 
material  in  the  up-stream  face,  which  would  ultimately  be  made 
impervious  or  nearly  so  by  the  river  silt." 

*  Engineering  News,  June  10th,   1909. 
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Such  cross-section  design  anrl  method  of  construction  is  of  course  Mr. 
entirely  independent  of  Mr.  Grunsky's  suggestion  that  the  weir  top 
should  not  have  been  uniformly  high  but  have  had  a  section,  say  800 
ft.  long,  a  few  feet  lower  than  the  rest,  to  hold  the  river  in  a  definite 
position  above  the  weir  and  to  iiusure  sweeping  drift  of  whatsoever 
size  over  the  structure. 

Mr.  Clarke's  comments  on  "useless  dredging"  are  most  interesting — 
they  differ  materially  from  reports  made  by  those  who  recommended, 
built,  and  are  operating  the  dredge  Imperial  immediately  below  the 
Concrete  Head-gate.  It  seems  probable  that  this  dredge  has  not  en- 
tirely solved  the  silt  problem  in  the  Imperial  canal  system,  as  its  advo- 
cates have  enthusiastically  proclaimed.  Future  results  will  be  watched 
most  carefully. 

The  writer  regrets  that  he  did  not  make  clear  that  no  levee  failures 
were  caused  by  the  flood  of  December  7th,  1906,  on  that  portion  of 
the  Yuma  Project  built  under  Mr.  Sellew's  direction,  for,  on  taking 
charge  of  the  Project,  in  October,  1906,  Mr.  Sellew  at  once  ordered 
muck-ditching  under  all  new  levees.  This  had  not  been  done  before, 
and  there  were  two  failures  from  this  cause  opposite  the  Lower  Head- 
ing on  the  Project  levees,  as  stated  in  the  paper  and  illustrated  with 
a  photograph,  Mr.  Sellew  to  the  contrary'  notwithstanding.  The  writer 
remembers  this  most  vividly,  because  his  original  design  of  levees  in- 
cluded thorough  muck-ditching,  which  was  peremptorily  ordered  cut 
out  as  an  avoidable  expense,  because,  up  to  that  time,  none  had  been 
done  in  building  the  levees  of  the  Yuma  Project.  After  the  disaster 
due  to  the  flood  of  December  Tth,  1906,  careful  examination  of  the 
damage  to  levees  on  both  sides  of  the  river  wa.s  made  and  data  were 
collected  to  show  convincingly  those  not  on  the  "firing  line"  that,  with 
thorough  muck-ditching,  all  completed  levees  on  the  river  would  have 
been  effective,  and  the  two  failures  from  this  cause  on  the  Project 
levees  were  considered  very  significant. 

The  writer  is  inclined  to  agree  with  Mr.  Sellew  that  the  second 
br(>aJ\  might  not  have  occurred  had  the  borrow-pits  been  on  the  river 
side,  because  of  the  peculiar  facts  of  the  short  duration  of  that  particu- 
lar flood  and  the  location  of  the  breaks  it  caused.  Nevertheless,  the 
levee  would  have  failed  just  the  same  in  the  several  places.  Also, 
muck-ditching  would  have  prevented  all  trouble.  When  failure  occurs, 
future  construction  designed  with  special  reference  to  preventing  that 
type  of  failure  alone  is  most  unwise,  and  it  was  felt  that  a  failure 
similar  to  that  which  happened  with  the  extension  of  the  levees  built 
later  by  Mr.  Ockerson  would  be  quite  as  disastrous  as  though  caused 
by  lack  of  muck-ditching  or  anything  else.  The  design  adopted  was 
expected  to  prove  safe  from  both  these  dangers,  and,  thus  far,  has 
done  so  entirely. 
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Mr.  It  is  true  that  the  recommendations  of  the  first  and  second  con- 
°'^*  suiting  boards  as  to  levee  construction  and  reconstruction  were  not 
followed — a  careful  reading  of  these  recommendations  and  of  the  paper 
will,  it  is  believed,  convince  the  reader  that  this  was  wise.  Especial 
attention  is  called,  for  example,  to  the  recommendation  on  page  1509* 
to  comply  with  which  would  have  cost  $12  000  per  mile,  though  the 
total  cost  of  the  levees,  exclusive  of  gravel  blanketing,  was  consider- 
ably less. 

As  to  the  efficiency  of  the  interrupted  or  checkerboard  system  of 
borrow-pits,  Mr.  Grunsky's  observations  coincide  with  the  writer's,  as 
set  forth  in  the  paper.  There  is  no  doubt  that  some — even  though 
slight — additional  security  is  obtained.  The  question  in  any  case  to 
be  decided  is  whether  it  is  great  enough  to  justify  the  additional  cost. 
The  writer's  opinion  is  that,  as  the  materials  grade  more  and  more  into 
those  easily  eroded,  the  available  precautionary  measures  are,  in  their 
order  of  effectiveness:  river-side  borrow-pits  with  occasional  short 
traverses;  river-side  continuous  borrow-pits;  river-side  checkerboard 
borrow-pits;  land-side  borrow-pits;  hydraulic-dredge-built  levees,  as  de- 
scribed by  Mr.  Grunsky;  and,  lastly,  blanketing  with  cementing  gravel, 
concrete,  etc. 

The  effectiveness  and  cost  of  checkerboard  borrow-pits,  and  conse- 
quently whether  or  not  to  use  them,  must  be  determined  for  each  indi- 
vidual case.  With  those  soils  and  conditions  of  vegetation,  grade, 
etc.,  where  they  will  afford  all  the  needed  added  security,  considerable 
additional  cost  is  justified;  and,  where  this  is  not  the  case,  little  or 
no  additional  expenditures  for  them  is  wise.  Similarly,  as  to  the 
cost,  with  small  levees,  narrow  berms,  and  easily  handled  soil — so  that 
the  haul  is  of  maximum  importance — the  additional  cost  as  a  percent- 
age will  be  greater,  and  vice  versa.  This  difference,  as  set  forth  in  the 
paper,  was  actually  determined  carefully  by  building  adjoining  sec- 
tions of  levee  with  continuous  and  with  checkerboard  borrow-pits, 
using  half  of  one  camp  on  each  section  and  interchanging  men  and 
teams  daily.  Every  effort  was  made  to  secure  otherwise  identical 
conditions,  and  it  is  believed  with  unusual  success.  The  levee  was 
uniformly  8  ft.  high,  10  ft.  wide  on  top,  slopes,  3  to  1,  berms  40  ft., 
borrow-pits  with  50-ft.  traverses  each  400  ft.  in  one  case,  and  100  ft. 
alternately  borrow-pits  and  undisturbed  in  the  other,  depth  of  pits 
in  both  cases,  2^  ft.  at  levee  end  and  4  ft.  at  far  end.  The  material 
was  the  Colorado  Delta  silt  described  at  length  in  the  paper.  The 
costs,  excluding  contractor's  profits,  were  found  to  be  19  and  25|  cents, 
respectively,  per  yard  of  embankment  in  place  on  completion ;  the 
settlement  was  very  slight.  This  is  in  the  ratio  of  100  to  135.5.  Mr. 
Sellew,  with  essentially  similar  work,  done  under  normal   instead  of 

*  Proceedings,  Am.  Soc.  O.  E..  November,  1912. 
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rush  conditions,  reports  the  costs  as  11  and  13  cents,  respectively —  M"". 
shop  costs  only — or  in  the  ratio  of  100  to  118.  If  the  reader  is 
interested  as  to  the  consistency  of  these  two  results,  he  can  compute 
the  average  haul  in  the  two  classes  of  borrow-pits  and  check  them  up. 
The  method  of  constructing  levees  by  hydraulic  dredges,  as  sug- 
gested by  Mr.  Grunsky,  has  been  used  to  a  considerable  extent  on  the 
Sacramento  River,  although  the  material  from  the  muck-ditch  is 
there  usually  deposited  on  both  the  river  and  land  sides  of  the  trench, 
and  the  hydraulic  fill  made  in  the  excavation  and  space  between  the 
two  banks.  The  soil  in  that  locality  is  such  that  it  does  not  erode 
easily,  and,  more  often  than  not,  the  levees  are  located  on  the  river 
banks.  With  levees  set  well  back  and  with  the  shallow,  muddy 
Colorado,  it  is  very  doubtful  whether  such  methods  could  be  used 
successfully  for  levee  building  on  that  river.  Furthermore,  the  amount 
of  work  done,  especially  during  any  one  year,  will  probably  be  so  small, 
and  the  deterioration  and  cost  of  handling  a  dredge  on  the  lower 
river  so  great,  tliat  the  total  levee  cost  would  probably  be  much  higher 
than  by  the  present  methods. 

Mr.  Grunsky  points  out  that  the  levees  along  the  river  have  not 
yet  been  subjected  to  a  conclusive  test,  and  suggests  two  points : 
seepage  under  the  levees  with  land-side  borrow-pits,  and  reasons  why 
the  levees  have  not  yet  needed  to  be  as  high  as  were  built.  As  to  the 
former;  miniature,  pin-head,  under-water  volcanoes  did  appear,  but 
their  number  and  size  did  not  seem  to  be  large,  when  the  effective  head 
was  greater,  and  after  a  time  they  stopped  entirely.  In  not  a  single 
case  did  any  of  these  become  in  any  way  menacing.  Furthermore, 
last  year  the  water-table  rose  above  the  ground  surface  behind  the 
Reservation  Levee  of  the  Yuma  Project  with  river-side  borrow-i)its, 
covering  a  considerable  area,  and  seriously  interfering  with  crops. 
The  action  is  a  rise  of  the  underground  water,  and  not  seepage  under 
levee  structures. 

The  top  grade  line  of  the  levees  built  under  the  writer's  direction 
has  proven  to  be  higher  than  as  yet  required  because  of  the  abnormal 
overbank  flow  and  cutting  off  of  Nigger  Bend  in  1907  (as  pointed 
out  by  Mr.  Grunsky),  and  later  by  the  Abejas  Division,  which  did  lower 
the  river  at  Yuma,  as  shown  by  Fig.  3,  and  at  all  points  below  as 
far  as  the  diversion,  Mr.  Sellew  to  the  contrary  notwithstanding. 
Indeed,  it  was  this  lowering  at  the  Concrete  Head-gate,  which,  with 
silting  up  in  the  Imperial  intake,  caused  the  building  of  the  rock 
weir  across  the  river  at  that  point  in  1910,  as  commented  on  by  Mr. 
Clarke.  Nevertheless,  to  have  built  lower  levees  would  have  been 
taking  an  unjustifiable  risk.  This  is  shown  most  strikingly  by  what 
happened  with  the  levees  near  the  Abejas  Dam.  In  this  case  the  levee 
urade   was   fixed   by    reference   to   the  fresh   high-water   marks   of   the 
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Mr. 

Cory. 


1909  flood  which  had  its  out- 
let down  the  Abejas,  but  after 
that  closing  was  to  be  held 
in.  the  old  river  channel. 
This  latter  did  not  scour 
down  as  was  expected*  and, 
had  the  levees  held,  they 
would  have  been  overtopped 
in  the  vicinity  of  the  dam  by 
a  100  000-sec-f  t.  river  that 
summer.  Fig.  47f  shows  the 
situation  there. 

Mr.  Grunsky  believes  the 
control  of  the  Colorado  be- 
tween permanently  fixed 
banks  should  not — at  least 
for  a  long  time — be  projected 
beyond  some  agreed  point 
near  the  Arizona  boundary 
line,  and  in  this  he  is  joined 
by  the  Board  of  Review 
which  reported  on  the  failure 
of  the  Ockerson  levees,  the 
writer,  and  most  of  those  who 
,  have  been  on  the  "firing 
line."  The  exceptions  are 
Mr.  Ockerson  and  Mr.  Sellew. 
This  is  a  matter  of  judgment, 
and  ail  available  data  affect- 
ing the  matter,  for  which  a 
place  could  be  made  in  a 
paper  of  this  kind,  have  been 
given. 

Mr.  Follett  confirms  the 
writer's  figures  of  land  slope 
away  from  the  river  banks, 
and  suggests  the  desirability 
of  a  secondary  levee  from  the 
sand  hills  to  the  C.  D.  Co. 
levee,  where  it  is  a  mile 
away  from  the  river,  with  a 
gate  structure  where  the 
main  canal  is  crossed.  This 
idea   has   been   given    careful 


Sta.3t0+0.00 


*  See  statement  by  Mr.  Ockerson,  Engineering  Neivs,  Dec.  7tb,  1911. 
+  Taken  from  House  Document  504,  6Sd  Congress,  2d  Session. 
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consider;! t  ioii ;  the  Board  of  Review  just  inentiuiied  has  reported  that    Mr. 
the  money  such    a  secon(iary  levee  of  defense  would  cost   could  be  '°'^^' 
more   judiciously   expended   on   the   principal   levees   along   the    river. 
The  writer  agrees  with  the  Board  of  Review  in  this. 

The  writer  is  surprised,  on  re-reading  the  paper  on  receipt  of  the 
discussions,  to  find  so  little  had  been  said  about  bank  protection 
work.  This  was  partly  the  result  of  touching  as  lightly  as  possible 
on  unsuccessful  river  control  work  done  by  others,  partly  because  of 
a  tacit  understanding  with  other  members  of  the  Society  as  to  the 
contents  of  the  paper  and  their  discussions  thereof,  and  partly  be- 
cause, since  holding  the  levee  embankment  on  the  north  side  of  the 
Second  Break  in  January,  1907,  by  gravel  and  rock  revetment,  as 
set  forth  in  the  paper  and  in  Mr.  Clarke's  discussion,  the  proper  way 
to  do  such  work  has  seemed  obvious.  Messrs.  Grunsky,  Hind,  Clarke, 
Herrmann,  and  the  writer  went  over  tliis  matter  together  in  June,  1907, 
and  agreed  as  to  the  general  procedure  on  the  lower  river — practically 
that  concisely  set  forth  by  Mr.  Clarke  under  the  heading  "Control  of 
the  River."  Mr.  Grunsky  reported  accordingly  to  the  Secretary  of 
the  Interior  at  the  time,  and  Mr.  Sellew  has  now  reached  practically 
the  same  conclusions,  except  as  to  the  im])ortant  difference  of  revet- 
ing  only  at  threatened  points  and  so  distributing  the  work  over  many 
years  and  letting  the  river  do  all  dredging  and  placing  gravel  and 
rock  well  down  to  the  limit  of  scour.  In  any  event,  the  matter  of 
funds  will  doubtless  distribute  the  work  over  a  long  period,  and  the 
procedure  recommended  heljis  to  arrange  the  "cutting  of  the  garment 
according  to  the  cloth." 

With  a  railroad  track  on  the  levees,  with  large  quantities  of  rock 
ready  in  ncar-liy  quarries  and  gravel  pits  in  constant  operation,  and  a 
verj'  large  railway  organization  which,  at  any  time,  on  telegraphic 
notice,  will  send,  for  cost  plus  10%,  work  trains,  steam  shovels,  and 
a  completely  organized  force,  the  methods  of  bank  arid  levee  prodiic- 
tion  work  here  seem  to  the  writer  to  be  self-evident.  All  those  who 
have  had  to  deal  with  the  lower  Colorado,  except  Mr.  Ockerson,  agree 
as  to  the  vital  importance  of  a  railroad  track  on  these  levees. 

When  thus  equipped,  and  with  the  foregoing  plan  of  river  control 
and  levee  revetment,  there  is  no  reason  for  locating  levees  farther 
from  the  bank  than  needful  to  provide  sufficient  waterway  for  the 
greatest  possible  floods.  Location  farther  back  means  on  lower  land 
and  hence  higher  levees  and  greater  difficulty  to  revet  and  hold  when 
attacked  by  bend  erosion.  Such  more  distant  levee  location  can  at 
most  mean  a  later  date  for  completing  the  entire  river  revetment, 
and,  outside  of  reasonable  limits,  this  becomes  a  disadvantage  rather 
tlian  advantage. 
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Mr.  Consequently,  the  writer  still  feels  that: 

Cory. 

"Because  of  the  various  successful  and  unsuccessful  work  done  in 
the  region  *  *  *^  the  Colorado  River  Delta  now  presents  no  un- 
usual, unsolved  engineering  difficulties;  its  problems  are  chiefly  mat- 
ters of  statecraft,  in  both  river  control  and  irrigation." 

The  writer  joins  with  Professor  Forbes  in  regretting  that  the  ex- 
ceedingly interesting  geological  sketch  and  historical  review  of  the 
Colorado  Desert,  prepared  as  a  part  of  this  paper,  by  Professor  Blake 
shortly  before  his  death,  could  not  be  utilized  in  that  way.  Fortunately, 
it  will  appear  elsewhere,  and  its  reading  is  commended  to  those  inter- 
ested in  this  subject. 

Mr.  Chaffey's  discussion  is  of  especial  interest,  not  only  to  the 
writer  and  those  locally  interested,  but  to  many  members  of  the 
Profession  who  never  had  a  personal  interest  in  the  Lower  Colorado. 
The  corrections  and  criticisms  it  contains  the  writer  can  only  admit 
to  be  fair;  he  regrets  the  inaccuracies  in  the  paper  which  called  them 
forth,  and  takes  this  opportunity  to  express  his  pleasure  at  their  being 
presented.  Since  the  paper  was  presented,  the  Supreme  Court  of 
California,  in  Thayer  vs.  California  Development  Co.,  finally  held 
the  system  of  mutual  water  companies  and  triparty  contracts  to  be 
legal,  and,  in  addition,  commended  such  plan.  This  is  the  first  decision 
handed  down  squarely  on  this  point,  though  in  other  cases  the  Dis- 
trict Federal  Court  and  the  State  Supreme  Court  had  by  indirection 
practically  decided  just  the  opposite.  It  is,  indeed,  a  sad  state  of 
affairs  when  it  takes  from  1906,  when  the  first  litigation  began,  until 
1913,  for  investors  and  settlers  to  know  definitely  whether  their  opera- 
tions and  organizations  are  within  the  law.  Mr.  Mead  is  right  in 
saying  that  at  least  three-fourths  of  the  irrigation  enterprises  have 
been  financial  disasters  because  the  laws  were  such  that  there  was  no 
adequate  security  for  the  money  expended.  So  it  is  that,  in  spite  of 
the  legality  of  the  plan  as  finally  decided  and  its  excellent  basic  busi- 
ness principles,  it  would  doubtless  have  been  better  had  the  project 
been  carried  out  under  the  Carey  Act. 

The  writer  takes  pleasure  in  expressing  appreciation  of  the  stand- 
ing of  Mr.  George  M.  Chaffey  in  irrigation  work  in  the  West.  The 
Ontario  Colony  he  founded  in  1883  was  selected  ten  years  later  as  a 
model  for  the  irrigation  exhibit  at  the  World's  Exposition,  and  in  his 
work  at  Mildura,  Australia,  he  designed,  had  built  in  England,  and 
installed,  the  first  centrifugal  pumps  driven  by  triple-expansion  engines, 
there  being  four  pumps  on  the  same  shaft  with  a  total  capacity  of 
320  cu.  ft.  per  sec.  lifted  20  ft.  He  is  at  present,  among  other  things, 
head  of  the  magnificent  water  system  irrigating  10  000  acres  of  citrus 
lands  near  Whittier,  Cal.,  including  the  highest  priced  agricultural 
lands   in    California    ($5  000   per   acre).      Furthermore,   he   is    a   man 
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of  afiairs  and  of  larjre  means  wliich  he  acquired  principally  in  irriga-   Mr. 
tion  enterprises  and  liankinii',  and  lience  has  the  confidence  of  moneyed    ^^^' 
interest?. 

The  eonnnents  of  Mr.  Chaffcy  and  Mr.  Marshall  on  soil  examina- 
tion and  reports  are  pertinent  and  wortliy  of  serious  consideration. 
The  effect  of  the  soil  reports  on  the  Imi)erial  region  was  most  serious. 
It  is  nearly  a  year  since  the  paper  was  written,  and  in  that  time 
the  maze  of  litigation  over  the  Imperial  Irrigation  System  has,  if 
anything,  become  more  complex.  Arrangements  have  been  made  to 
supply  water  to  additional  lands  by  the  Receivers  of  both  the  American 
and  Mexican  Companies  for  50  cents  per  acre-foot,  with  a  10%  free 
allowance  for  seepage  and  evaporation,  and  with  no  "water  right"  or 
water  stock  charge  or  requirement.  Thus  the  later  comers  are  getting 
water  for  their  lands  on  better  terms  than  the  pioneers  in  the  region, 
and  the  opportunity  for  bettering  the  financial  status  of  both  parent 
companies  by  the  sale  of  valuable  water  rights — and  so  in  the  last 
analysis  having  the  new-comers  bear  a  proper  share  of  the  inevitable 
burden  of  readjustment,  however  that  is  to  be  accomplished — has  been 
lost.  This  resulted  from  an  unfortunate  hostilit.v  between  the  two 
Receivers.  Dr.  Mead  is  certainly  justified  in  his  comments  on  laws 
governing  irrigation  projects. 

The  development  of  the  country  is  going  on  more  rapidly  than 
ever,  and  land  values  have  increased  very  markedly,  due  to  the  grow- 
ing confidence  of  the  outside  public.  The  1913  shipment  of  perishable 
products  alone  is  3  880  carloads,  as  foUows: 

Cantaloupes  3  499 

Watermelons    338 

Tomatoes    10 

Other  vegetables 26 

Miscellaneous    'i' 

A  now  high-line  east  side  main  is  nearly  completed  which  will 
water  an  additional  150  000  acre^,  and  surveys  have  been  completed 
for  a  Mexican  Canal  following  closely  the  Paredones  delta  divide, 
crossing  New  River  near  Volcano  Lake  and  thence  northwesterly  to 
the  International  Boundary  Line  near  where  it  is  crossed  by  the  West 
Side  Canal.  These  canals  have  no  especially  noteworthy  engineering 
features,  however. 

No  progress  whatever  seems  to  have  been  nuide  in  international 
negotiations  looking  toward  joint  governmental  river  control  or  con- 
servation and  division  of  the  Colorado's  waters  between  the  two 
countries. 

A  verj-  interesting  and  complete  de^scription  of  the  Colorado  River 
Siphon  of  the  Yuma  Project,  by  George  Schobinger,  Jun.  Am.  Soc. 
C.  E.,*  has  recently  been  presented  before  the  Society. 

*    Now    .\ssoc.    M.    Am.    Soc.    C.    E. 
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John  N.  Brooks,  Jun.  Am.  Soc.  C.  E.  (by  letter).— In  Table  14,  ^Mr.^^ 
which  is  a  summarj'  of  the  data  presented  in  the  discussion  of  this 
paper,  the  writer  has  included  all  the  sewers  mentioned,  where  suffi- 
cient data  -were  given  to  permit  of  expressing  the  infiltration  in  gallons 
per  mile  of  sewer.  Four  sewers  in  Table  1,  for  which  the  infiltration 
was  stated  only  as  a  percentage  of  the  total  capacity  of  the  sewer, 
have  been  omitted. 

The  writer  has  examined  the  original  sources  of  the  data  presented 
and  has  checked  the  figures  in  Table  14  with  the  original  statements. 

Prom  the  very  complete  data  on  the  sewers  of  Ocean  Grove,  N.  J., 
11  resented  by  Mr.  Pugh,  the  writer  has  selected  the  quantities  given  in 
Tables  12  and  13  as  representative  results,  and  the  figures  in  Table  14 
for  the  Ocean  Grove  sewers  are  averages  of  the  quantities  in  those 
tables. 

In  order  to  reduce  Table  14  to  a  convenient  size,  certain  abbrevia- 
tions have  been  used,  as  noted  at  the  bottom  of  that  table. 

In  Columns  15,  16,  and  17  the  quantity  of  infiltration  is  exi)ressed 
in  three  units. 

In  Column  15  it  is  given  in  gallons  per  24  hours  per  foot  of  joint. 
This  is  the  rational  unit  for  pipe  sewers,  as  suggested  in  the  paper. 

In  Column  16  it  is  expressed  in  gallons  per  24  hours  per  inch  of 
diameter  per  mile  of  sewer.  This  unit  is  suggested  by  Mr.  Gregoi-y, 
as  an  improvement  on  that  proposed  by  the  writer  for  concrete  and 
brick  sewers.  The  writer  accepts  Mr.  Gregory's  unit  as  rational  and 
convenient  for  both  pipe  and  concrete  or  brick  sewers.  In  examining 
the  figures  in  Column  16  it  should  be  borne  in  mind  that  though  this 

*  Continued  from  May,  1913,  Proceedings. 
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unit  gives  a  fair  comparison  between  the  infiltration  in  two  sewers 
of  similar  type,  vitrified  pipe  or  concrete,  it  does  not  give  a  fair  com- 
parison between  sewers  of  different  types,  because  the  entire  length  of 
a  concrete  sewer  is  porous,  and,  in  a  pipe  sewer,  infiltration  is  supposed 
to  take  place  only  at  the  joints. 

In  Table  5  Mr.  Gregory  computes  the  quantity  of  infiltration  ex- 
pressed in  this  unit  for  seven  sewers,  two  of  which  (Items  11  and  17) 


TABLE  14. — Data  on  the  Infiltration 


Place. 

a 

S 

PS 

o 

Date 

of 
test. 

d 

_o 

o 
o 

4) 
>. 

Material. 

Diameter 

or 
dimensions, 
in  inches. 

5  4) 

Spacing 
and  type 
of  joints. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Cr. 

V.   P. 

8  to  36 
Various. 

137.00 
700.00 
11.00 
10.00 
29.00 
25.00 
150.00 
0.3 

1.7 

1.2 
0.6 

E  Orange  N  J 

V.   P. 

8  to  24 

12 

6 

27 
30 
15 

Un. 

(    Deep 

1  sockets. 

Cr. 

V.  p. 

Cr. 

V.  p. 

38.66 

1899 
1889 
1892 

15 

6  to  18 
6  to  18 

20 

12 

24 
10  to  34 

4  to  12 
4  to  12 

0.37 
18.38 
13.38 

1888 
1888 

Cr. 
Cr. 
Cr. 
Cr. 
Cr. 
Cr. 

Cr. 
Cr. 

V.  p. 
V.  p. 
V.  p. 
V.  p. 
V.  p. 
V.  p. 

V.  p. 
V.  p. 

Fond  du  Lac  Wis 

1.83 

E  Orange  N  J. 

1911 
1911 

1912 

1912 
1908 

3.25 

3.23 
198.7 

Or. 
Or. 

I       3  ft. 
I  cement. 
j       3  ft. 

Ocean  Grove,  N,  J 

E.  Orange,  N  J 

R. 

B. 

B. 

B.  &  C. 

B  &  V   P 

24  by  36 

R. 

33«4  by  44 

0.95 

Peoria,  111 

New  York  City 

8  to  24 
42  by  42 

44  to  72 

5.00 
0  33 

Columbus  Ohio 

1906 
1909 

1906 
1912 

H.S. 
Cr. 

C. 
C. 1:2:4 

Bronx  Valley,  N.  Y 

9.04 

Or. 

None. 

The    following    abbreviations    have    been    used    in    this     table :    Cr.    =    Circular, 
Un.  =   Unusual,   Or.   =   Ordinary,  G.  =  Gravel,   Q.    =    Quicksand,  S.   C.  =    Sandy  clay, 
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have  cross-sections  other  than  circular,  lu  these  two  cases  lie  uses  Mr. 
the  average  of  the  dimensions  of  the  cross-section  stated.  If  the  re- 
sulting infiltration  is  to  be  compared  with  that  found  in  sewers  of 
circular  cross-section,  a  fairer  comparison  will  be  made  by  using  the 
diameter  of  a  circle  having  a  circumference  equal  to  the  perimeter  of 
the  sewer.  Assuming  the  sewers  (Items  11  and  17,  Table  5)  to  have 
rectangular  cross-sections  of  the  dimensions  given,  and  using  the  diame- 


OF  Ground- Water  into  Sewers. 


Size  and 

spacing  of 

laterals. 

Wet 
trench, 
percent- 
age of 

total 
length. 

Average 
head  of 
ground- 
water, 
in  feet. 

Charac- 
ter of 
sub- 
grade. 

Infiltration,  in  Gallons 
PKR  24  Hours. 

Water-proofinf;. 

type  and 

percentage  of 

length. 

Per  foot 
of  joint. 

Per  inch 
of  diam- 
eter per 
mile  of 
sewei-. 

Per  mile 
of  sewer. 

(10) 

(11) 

(12) 

(13) 

(U) 

(15) 

(16) 

(17) 

2.6 

1818 

40  000 

80  000 

26  500 

25  000 

10 

....^.... 

22  400 

0.8 

540 

8650 

Q.  &Q. 

25  000 

2.0 

0.8 

2.6 
5.0 
18.7 

1420 
207 

1  510 

2  8W 
13  000 

17  000 

1 

1240 

f 

40  814 

86  592 

195  000 

32  500 

18 

8 

43  000 

31  180 

1 

45  875 

48  000 

60 

.    ... 

50  000 

59  540 

86  710 

30  ft.  c.  to  c. 

::::  :::::::■■ 

45  900 

5  172 

100 

88100 

4  110 
7a5() 
3  500 
1  417 
1  010 
2.540 

1  890 

5  480 

1  820  800 

6.0 
11.3 
5.0 
2.1 
1.5 
4.7 

2.7 
7.9 

49.^40 

94  170 

70  000 

17  000 

100 
100 

'■    100 

5 

C. 

24  370 

43  250 

i 

l2-4in. 
|50ft.c.  toe. 
)2-4in. 
)  50ft.  c.  too. 

a             s  n 

15  126 

[    100                   4 

s.  c. 

48  764 

( 

115  752 

UiO 

570  000 

1 

415  8.50 

1 1 

5  390 

264  000 

1(K)  000 

1 

81  400 
120 

123 

1  3(X)  (KX) 



6  340 

iSply  feUandIt     NV.n*. 

80 

u. 

7  266 

1     pitch  4% 

' 

H.  S.  —  Horse  shoe,  R.  =  Rectangular,  B. 
C.  =  Clay. 


Brick,  C.  =  Concrete,  V.  P.  =  Vitrified  pipe. 
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Mr.  ter  of  an  equivalent  circle  in  computing  the  quantity  of  infiltration, 
we  ha.ve,  for  the  Altoona  sewer,  5  390  gal.  per  day  per  inch  of  diameter 
per  mile  of  sewer,  and  120  for  the  Columbus  sewer,  instead  of  6  830 
and  151,  as  computed  by  Mr.  Gregory. 

In  Column  17  the  infiltration  is  given  in  gallons  per  24  hours  per 
mile  of  sewer.  This  unit  is  retained  as  the  most  useful  in  cases  where 
insufficient  data  are  presented  for  the  use  of  the  preceding  units. 

Mr.  Allen  calls  attention  to  the  fact  that  in  a  collecting  system  a 
large  proportion  of  the  infiltration  will  come  from  laterals.  An  at- 
tempt has  been  made  to  recognize  this  factor  by  the  addition  of  Col- 
umn 11  in  Table  14,  stating  the  size  and  spacing  of  laterals. 

In  an  impervious  soil  it  may  happen  that  a  sewer,  however  care- 
fully built,  will  be  sufficiently  porous  to  admit  ground-water  as  fast 
as  the  soil  can  carry  it.  That  is  to  say,  the  infiltration  will  be  limited, 
not  by  the  imperviousness  of  the  sewer,  but  by  the  quantity  of  ground- 
water transmitted  to  it  by  the  surrounding  soil.  Mr.  Bradbury  states 
that  this  is  usually  the  case.  In  such  a  case  the  infiltration  must  be 
estimated  as  equal  to  the  ground-water  flow,  data  on  which  are  pre- 
sented by  Messrs.  Kuichling  and  Christian. 

The  data  presented  by  Mr.  Rankin,  for  the  Joint  Outlet  Sewer, 
in  Newark,  and  by  Mr.  Pugh,  for  the  sewers  of  Ocean  Grove,  N.  J., 
show  that  the  quantity  of  infiltration  follows  closely  the  rainfall,  indi- 
cating the  direct  dependence  of  the  quantity  of  infiltration  on  the  head 
of  ground-water.  The  greatly  increased  infiltration  into  the  Ocean 
Grove  sewers  in  winter  with  a  high  ground-water  level,  as  compared 
with  that  of  the  same  sewers  in  summer,  illustrates  the  same  point. 

The  divergence  of  opinion  among  engineers  as  to  the  quantity  of 
infiltration  to  be  expected  is  well  illustrated  by  a  comparison  of  the 
comments  of  Mr.  Christian  and  Mr.  Kuichling  on  the  infiltration  re- 
ported by  the  writer  for  the  Bronx  Valley  Sewer.     Mr.  Kuichling  says : 

"In  comparison  with  the  other  observations  cited  herein,  this  rate 
of  infiltration  [0.8  gal.  per  day  per  sq.  yd.  of  interior  surface]  is  ex- 
tremely low,  and  indicates  either  great  water-tightness  of  the  concrete, 
or  an  unusually  dry  subsoil  at  the  time  of  measurement." 

Mr.  Christian  says: 

"From  the  speaker's  experience  with  the  construction  of  concrete 
sewers,  he  would  regard  this  [infiltration]  as  rather  high,  unless  there 
was  some  leakage  at  the  joints,  or  where  each  day's  work  joins  that 
previously  laid;  and  he  suggests  that  a  careful  inspection  would  find 
that  to  be  true." 

As  noted  in  the  paper,  such  a.n  inspection  was  made,  and  no  leakage 
was  observed;  and,  further,  the  subsoil  could  not  have  been  "unusually 
dry"  because  the  sewer  for  its  entire  length  lay  beside,  and,  for  a  con- 
siderable portion  of  its  length,  directly  beneath,  a  flowing  stream.  The 
lov/  infiltration,  therefore,  is  apparently  due  to  tight  concrete. 
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The  data  collected  in  Table  14  indicate  that  the  quantity  of  intiltra-  Mr. 
tion  is  dependent  on  so  many  conditions,  and  may  vary  between  such 
wide  limits  under  apparently  similar  conditions,  that  the  estimate  of 
this  flow  in  a  sewer  to  be  constructed,  is  a  matter  calling  for  the  exer- 
cise of  judgment  enlightened  by  experience,  rather  than  an  attempt  to 
apply  u  mathematical  formula. 
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Discussion.* 


By  Alexis  Saurbrey.  Assoc.  ]M.  Am.  Soc.  C.  E. 


Alexis  Saurbrey,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  order  ^^^Mr^ 
to  appreciate  fully  the  importance  of  the  tests  under  discussion,  it 
s^eems  necessary  to  take  into  account  the  earlier  history  of  the  prin- 
ciples involved.  As  a  commercial  proposition,  the  unit  system  re- 
ferred to  by  the  authors,  was  first  used  on  a  three-story  building 
erected  for  the  American  Piano  Company,  at  East  Rochester,  N.  Y., 
in  1905,  which  was  designed  and  constructed  by  the  Ransome  and 
Smith  Company.  This  system,  known  as  the  "Ransome  Unit  System," 
hiis  since  been  used  on  a  number  of  one-  and  two-story  buildings,  and 
during  the  last  three  or  four  years,  also  on  buildings  from  four  to  six 
stories  high,  notably  those  of  the  United  Shoe  Machineiy  Company,  at 
l^>everly,  Mass. 

In  view  of  the  fact  that  all  these  buildings  were  designed  along 
usual  lines  (except  for  the  feature  of  the  joint  between  slab  and  stem 
:iii(l  other  features  connected  with  unit  construction),  and  that  they 
1i:h1  been  submitted  to  the  test  of  actual  service  for  several  years, 
without  developing  any  signs  of  Vr^eakness,  there  was  really  not  room 
fnr  much  doubt  as  to  the  outcome  of  the  tests  described  by  the  authors, 
that  is,  it  was  pretty  well  known  that  the  joint  would  not  prove  detri- 
mental. It  was  hoped,  however,  that  the  tests  would  show  conclusively 
the  limit  at  which  the  joint  between  slab  and  stem  would  separate,  so 
that  definite  data  might  be  available  for  future  design  of  the  stem  and 

♦  Continued  from  May,  1913,  Proceedings. 
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Mr.  stirrups.  While  the  test  schedule  was  under  preparation,  the  writer,  then 
ley.  Qjjjg£  Engineer  of  the  Ransome  Engineering  Company,  realized  that 
Types  A  and  B  were  equipped  with  an  excess  of  stirrup  reinforcement, 
and  he  therefore  suggested  Type  C,  with  much  lighter  stirrups.  To 
compensate  for  the  resulting  lower  general  strength  of  the  beams,  the 
arrangement  of  the  tension  rods  was  reversed,  so  that  the  heavier  rods 
were  placed  on  top,  and  trussed,  as  shown  by  the  diagrams. 

In  addition  to  the  experience  gathered  by  the  Ransome  organiza- 
tion in  regard  to  the  effect  of  joints  between  slab  and  stem,  it  was 
known  that  the  Hennebique  engineers  had  used  such  joints,  in  mono- 
lithic construction,  both  in  Europe  and  in  this  country.  The  writer 
is  unable  to  state  what  the  prevailing  practice  in  Europe  is  at  the 
present  time,  but,  in  this  country,  such  joints  are  specifically  prohibited 
by  the  building  codes  of  most  large  cities.  Why  this  should  be,  is  hard 
to  tell,  as  there  seem  to  be  no  test  data  or  other  experience  showing  the 
joint  to  be  dangerous  in  any  way,  except,  of  course,  when  the  stirrups 
are  inadequate,  in  which  case  the  construction  of  T-beam  sections 
would  be  dangerous  without,  as  well  as  with,  the  joint.  The  writer  has 
had  occasion  to  discuss  this  question  with  a  number  of  engineers  and 
contractors,  and  opinions  seemed  to  be  fairly  evenly  balanced  for  and 
against  the  use  of  the  joint. 

Theoretically,  it  has  been  found  possible  to  determine  by  calcula- 
tion the  proper  number  of  stirrups  for  beams  having  a  joint  between 
slab  and  stem;  and  it  is  also  possible  to  determine  the  maximum  per- 
missible spacing  of  the  stirrups.  These  questions  are  dependent,  for 
their  solution,  on  the  view  taken  of  the  action  of  the  stirrups.  The 
writer  believes  that  the  stirrups  are  stressed  in  tension,  and  not  in 
shear,  and  that  there  is  no  shear  in  a  properly  designed,  reinforced 
concrete  beam  after  the  stage  of  initial  loading  has  been  passed  (when 
the  steel  is  stressed  above,  say,  5  000  lb.  per  sq.  in.),  not  even  in  the 
concrete;  the  views  and  arguments  leading  to  this  belief  have  been 
published  elsewhere.*  The  tests  under  discussion  seem  to  substantiate 
these  views.  (See,  for  instance.  Fig.  1,  Plate  XXXIII.)  The  flaking 
of  the  surface  of  the  beam  is  plainly  discernible;  the  concrete  of  the 
stem  has  lost  its  cohesion  to  such  extent  that  large  pieces  can  be 
picked  out  with  the  fingers.  In  other  words,  the  beam  is  nothing  but 
a  pile  of  loose  pieces,  held  in  place  by  the  horizontal  and  vertical  rods, 
and  by  the  dove-tailing  of  the  individual  pieces.  It  is  impossible  to 
understand  how  concrete  in  this  stage  can  transmit  "shear  stresses,'' 
which,  it  is  known,  involve  tension  stresses,  and  yet,  these  beams 
carried  considerable  additional  load  before  they  broke  down  entirely. 

Under  these  circumstances,  it  seems  futile  to  discuss  the  calculated 
intensity  of  the  shear  stresses.  To  the  writer  it  seems  that  the  steel, 
whether  stirrups  or  main  tension  rods,  carries  the  tension  which  un- 
*  "Reinforced  Concrete  Buildings,"  Ransome  and  Saurbrey,  1912,  Chapter  VII. 
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(loulitcdly  occurs  in  hotli  horizontal  and  vortical  directions,  and  the  Mr.  . 
loose  filling:  of  destroyed  concrete  carries  the  correspondinji^  com])ressive 
>tross('s.  When  the  destruction  of  the  concrete  reaches  the  end  of  the 
beam,  the  anchorage  of  the  tension  rods  is  finally  destroyed,  and  the 
beam  naturally  fails.  The  writer  mentions  this  with  confidence,  as  he 
was  present  at  most  of  these  tests.  Tie  takes  pleasure  in  acknowledjring 
the  unusual  care  exercised  in  placing  the  l)eams,  measuring  deflections, 
increasing  the  loads,  in  short,  in  everything  pertaining  to  the  testing. 
Tf  any  criticism  could  be  offered,  it  would  extend  only  to  the  neglect  of 
moistening  the  beams  from  day  to  day,  during  tlie  hardening  period. 
;ind  to  the  absence  of  control  tests  of  compression  specimens.  In 
regard  to  the  first  point,  the  writer  sees  therein  the  cause  of  the  ob- 
served fact  that  the  beams  40  days  old,  and  those  90  days  old,  had 
practically  the  same  strength,  for  it  seems  to  be  well  established  that 
concrete  will  not  increase  much  in  strength  after  a  certain  period, 
unless  it  is  kept  in  a  moist  condition.  In  regard  to  the  second  point, 
compression  specimens  would  have  been  useful  for  comparison  with 
other  series  of  tests,  and,  therefore,  would  have  enhanced  the  value 
of  the  tests  as  a  whole.  For  the  particular  purpose  of  the  tests  under 
consideration,  these  objections  are,  of  course,  of  no  importance. 

The  writer  agrees  with  the  authors'  statement,  namely,  that  "where 
adequate  web  reinforcement  is  provided  with  sufficient  anchorage  at 
the  top,  the  slab  need  not  be  cast  before  the  stems  have  set."  That 
this  is  true  for  beams  like  those  tested,  is  beyond  doubt.  That  it 
would  aLso  be  true  for  beams  constructed  along  different  lines  may  be 
inferred  from  the  fact  that  both  the  flange  and  the  reinforcement  along 
the  bottom  of  the  beams,  were  purposely  made  unusually  heavy,  so 
that  the  stresses  along  the  joint  must  of  necessity  have  been  abnor- 
mally high,  whatever  view  one  chooses  to  take  of  the  action  of  the 
stirrups.  David  Gutman,  M.  Am.  Soc.  C.  E.,  raises  the  point  of  the 
effect  of  a  wider  and  thinner  flange.  It  would  probably  be  difficult  to 
examine  this  point  in  the  laboratory,  where  the  width  of  the  flange  is 
determined  by  the  construction  of  the  testing  machine.  However,  the 
anchorage  of  the  stirrups  in  the  slab  is  a  factor  of  the  greatest  im- 
portance, and  this  detail  is  much  more  difficult  in  a  thin  slab  than  in 
one  of  generous  dimensions.  Otherwise,  the  writer  does  not  see  that 
the  width  of  the  flange  enters  into  the  problem. 

In  order  to  exhaust  completely  the  jiossibilities  of  construction, 
many  more  tests  will  have  to  be  made,  and  on  account  of  the  very 
real  importance  of  the  question,  both  in  monolithic  and  unit  methods 
of  constructon,  it  is  hoped  that  this  will  be  done.  It  is  in  itself  a 
considerable  task  to  make  and  test  28  large-sized  beams,  as  was  done 
by  the  authors,  and  the  beams  tested  were  naturally  constructed  to 
conform,  as  closely  as  possible,  to  the  problems  encountered  in  the 
two    buildings    then    under    construction    in    Boston,    and    since    com- 
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Mr.  pleted.  As  far  as  the  writer  knows,  no  structural  defects  have 
aur  rey.  (jgveloped  in  these  two  buildings,  nor  has  the  joint  between  slab  and 
stem  caused  trouble  in  any  of  the  buildings  erected  before  these 
tests  were  made.  It  is  to  be  hoped  that  the  building  authorities  every- 
where will  recognize  the  importance  of  the  information  gathered  by  the 
authors,  and  revise  their  laws  accordingly. 
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FREMANTLE  GRAVING  DOCK: 
STEEL   DAM   CONSTRUCTION   FOR   NORTH   WALL. 

Discussion.* 


By  Joshua  Fielden  Ramsbotham,  Assoc.  M.  Am.  Soc.  C.  E.+ 


Joshua  Fielden  Ramsbotham,  Assoc.  M.  Am.  Soc.  C.  E.  (by  Mr. 
letter). — Mr.  Archer  has  referred  to  the  penetration  of  the  piles  ob-  b^^m, 
tained  on  the  shore  side  of  the  pumping  station,  and  as  it  may  be 
of  interest  the  writer  submits  Fig.  7,  showing  a  pile  which  failed; 
altogether,  there  were  eight  piles  which  went  astray.  It  is  only  fair 
to  state  that  the  rock  in  the  locality  was  as  hard  as  bell-metal,  and 
the  behavior  of  the  piles  in  no  wise  contributed  to  the  abandonment 
of  the  work.  The  writer  would  again  emphasize  the  advisability  of 
not  forcing  the  piles  until  soft  ground  has  been  found  ahead  of  piles 
which  have  encountered  a  hard  patch. 

Mr.  Archer  is  quite  correct  in  his  suitnise  that  the  hard  wood 
(jarrah)   permitted  the  omission  of  short  foot-blocks. 

For  the  information  of  the  members  the  writer  has  forwarded, 
for  the  Librarj'  of  the  Society,  two  books:}:  which  give  all  details  about 
the  various  timbers  of  Western  Australia,  and  he  ventures  to  suggest 
that  that  country  has  been  singularly  blessed  by  Providence  in  this 
respect. 

No  doubt  Mr.  Archer  has  observed  that  a  larger  factor  of  safety 
was  allowed  on  the  pumping  station  shores;  this  was  because  of  the 
additional  weight  due  to  earth  pressure  and  any  surcharge  from 
cranes,  etc.,  and  also  on  account  of  their  length. 

As  regards  the  suggestions  to  the  manufacturers,  the  writer  begs 
to  state  that  he  gave  freely  any  benefits  of  his  experience  at  the  time 

*  Continued  from  August.  1913.  Proceedings. 
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{  "Western  Australian  Timber  Tests,  lOOi :  The  Physical  Characteristics  of  the  Hard- 
woods of  Western  Australia,"  by  G.  .\.  Julius.  Sec  ind  Edition,  liKW  ;  and  "Notes  re  Timtiers 
of  Western  Australia  Suitable  for  Railways,  Engineering  WorliB.  and  Constructional  Pur- 
poses Generally,"  Second  Edition.  1908. 
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Mr.  to  Mr.  U.  V.  Burke,  Agent  for  the  United  States  Steel  Products  C'om- 
botham.  1^''^"^'  ^^'^'■^  3^80  Consul  for  the  United  States  of  America,  and  Mr. 
Burke  reciprocated  with  all  particulars  from  the  manufacturers;  by 
this  means  the  Engineering  Profession  is  best  served. 

Mr.  Archer  is  quite  correct  in  assuming  that  there  were  no  leaks 
in  the  joints;  the  skin  was  quite  tight,  and  this  tightness  was  obtained 
by  the  following  method :  Steel  rods,  20  ft.  long  and  i  in.  in  diameter, 
were  procured,  their  lower  ends  were  made  an  inverted  V  shape,  and 
their  upper  ends  a  wedge  shape  with  a  small  hole  drilled  through. 
A  loop  was  made  in  one  end  of  a  strand  of  Italian  gasket,  the 
diameter  not  being  increased.  The  inverted  V  end  of  a  rod  was  in- 
serted in  this  loop  and  the  rod  lowered  in  the  space  between  the  male 
and  female  piles  by  a  fine  string  put  through  the  eye.  This  was  re- 
peated by  lowering  another  rod  on  a  separate  string  with  an  additional 
length  of  gasket,  until  the  entire  length  of  joint  was  traversed.  The 
gasket  made  a  complete  seal  and,  of  course,  the  rods  were  removed. 

In  the  first  instance  Oregon  pine  fillets  were  inserted  when  driv- 
ing the  pile,  but  there  is  no  exaggeration  in  stating  that  they  were 
completely  eaten  up  by  the  teredo  in  one  month. 

Anj  small  trickles  can  be  cured  instantly  by  throwing  in  a  mix- 
ture of  saw-dust,  ashes,  and  horse  manure. 

The  writer  is  glad  to  hear  that  Mr.  Bellamy  has  used  jarrah  with 
success,  and  this  opportunity  is  taken  to  supplement  his  remarks  on 
this  head. 

Jarrah  (Eucalyptus  marginata)  trees  average  90  or  100  ft.  in 
height  and  from  2  to  3  ft.  in  diameter  at  the  base.  The  wood  is  very 
hard  and  dense,  weighing  when  seasoned  60  lb.  per  cu.  ft.  It  is  used 
economically  for  railway  sleepers,  jetties,  bridges,  marine  and  engi- 
neering works  of  all  kinds,  building  construction,  flooring,  wood  block- 
ing, boat  building,  fencing,  furniture,  etc. 

Its  strength  is  as  follows :  Shearing,  2  010  lb.  per  sq.  in. ;  end 
compression,  9  050  lb.  per  sq.  in. ;  cross-bending,  15  000  lb.  per  sq.  in. ; 
tension,  15  500  lb.  per  sq.  in.  Additional  information  regarding  this 
wood  may  be  found  in  the  books  previously  quoted. 
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Fig. 


-Steel  Piles  Driven  on  West  Side  of  Pumping  Station,  North 
Wall,   Fremantle  Graving  Dock. 
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KINETIC  EFFECTS  OF  CROWDS. 
Discussion.* 


By  C.  J.  TiLDEN,  M.  Am.  Soc.  C.  E.f 


C.  J.  TiLDEK,  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Hilder  and  Mr.  ^Mn^ 
French  raise  a  question  which  is  somewhat  outside  the  scope  of  the 
paper,  namely,  that  of  vibrations  set  up  in  a  structure  by  the  move- 
ments of  its  living  load.  This,  of  course,  is  one  possible  result  of  the 
kinetic  effect  of  crowds,  and  if  the  swayin;?  motion  of  the  crowd  is  in 
unison  with  the  vibration  period  of  the  structure,  disaster  may  follow. 
This  phase  of  the  question,  however,  has  to  do  more  with  the  building 
than  with  the  load  on  it,  and,  therefore,  was  intentionally  omitted  from 
the  original  investigation.  Nevertheless,  the  writer  is  glad  to  have 
tlie  point  raised,  and  does  not  by  any  means  underestimate  its 
importance. 

The  results  reported  by  Mr.  Quimby  of  his  experiments  with  the 
swiiifriug  platform  are  not  at  all  convincing.  The  existence  of  a 
backward-shoving  force  is  clearly  shown  by  the  sudden  backward  swing 
of  the  platform,  but  to  measure  it  by  calling  it  equal  to  the  force 
needed  to  hold  the  platform  the  same  degree  out  of  plumb,  is  surely 
a  serious  error.  The  immediate  force-effect  of  a  moving  body  on  a 
freely  swinging  structure  is  very  different  from  that  of  the  same  body, 
moving  in  the  same  manner,  on  a  practically  rigid  structure.  The 
writer  still  believes  that  the  maximum  possible  backward  push  on  a 
grand-stand,  or  similar  structure,  is  much  more  likely  to  be  50%,  or 
more,  of  the  static  weight  than  the  7%  suggested  by  Mr.  Quimby. 
Referring  to  the  writer's  computation,  !Mr.  Quimby  says:  "The  error 
is  probably  in  the  assumption  that  the  horizontal  movement  is  as  rapid 
as  the  vertical  one." 


*  Continued  from  May.  1913,  Proceedings. 
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Mr.  It  is  hard  to  see  just  where  this  "error"  lies,  as  the  two  movements 

■  are  made  in  precisely  the  same  time,  as  a  glance  at  Figs.  1  and  2,  with 
their  accompanying  explanations,  will  show. 

The  absorption  of  a  large  part  of  these  impulsive  forces  by  "'the 
inertia  of  the  structure"  is,  of  course,  quite  probable  where  the  forces 
are  isolated  or  result  from  the  sudden  movement  of  small  and  sepa- 
rated groups.  It  is  when  the  movement  is  so  general  as  to  be  practi- 
cally unanimous  that  the  resulting  force  on  the  entire  structure  may 
reach  serious  proportions.  The  experiment  of  interposing,  between 
the  man's  feet  and  the  scale  platform,  a  mass  nearly  equal  to  the  weight 
of  the  man,  was  tried  by  the  writer,  and  the  results  reported  in  the 
last  paragraph  of  page  328*  and  the  lines  A^^  of  Fig.  2. 

Mr.  French  is  quite  right  in  saying  that  a  heavy  modern  bridge, 
with  solid  floor,  could  hardly  be  seriously  affected  by  the  movements 
of  a  crowd  of  people.  Unfortunately,  however,  such  bridges  are  a 
very  small  part  of  all  the  bridges  in  use.  It  is  not  the  "first-class 
permanent  work"  (to  quote  Mr.  Coombs'  expression)  which  needs  at- 
tention along  the  lines  suggested  by  the  paper,  but  the  much  more 
common,  more  or  less  flimsy  structures,  often  hastily  built,  and  some- 
times without  proper  supervision. 

The  writer  believes  that  a  general  increase  in  loading  require- 
ments— possibly  even  to  the  extent  of  50  or  60% — for  structures  likely 
to  carry  people  would  be  wise  and  proper.  Such  a  ruling  would  not 
materially  affect  first-class  design,  but  would  decidedly  benefit  the 
lighter  classes  of  work.  It  is  certainly  better  to  be  safe  than  to  be 
economical,  where  human  lives  are  concerned. 

Emphasis  is  lent  to  this  view  by  the  reports  of  accidents  of  vari- 
ous kinds  which  frequently  appear  in  the  press.  Two  recent  cases 
are  commented  on  briefly  :t  The  first  of  these  was  the  accident  at 
Lawrence,  Mass.,  on  June  30th,  when  a  dozen  boys,  from  9  to  15  years 
of  age,  lost  their  lives  through  the  failure  of  a  narrow,  wooden  walk 
leading  to  a  municipal  bath-house.  The  Associated  Press  report  said 
"the  boys  were  jumping  up  and  down  as  they  shouted  to  the  keeper 
to  open  up."  The  second  instance  was  that  of  the  second  floor  piazza 
of  a  tenement  house  at  Brookline,  Mass.,  which  collapsed  under  the 
weight  (plus  kinetic  effect?)  of  fourteen  children,  three  of  whom  were 
badly  injured. 

The  recent  failure  of  the  floor  of  an  amusement  pier  at  Long 
Beach,  Cal.,  resulting  in  the  loss  of  35  or  40  lives,  was  fully  reported 
in  the  daily  and  engineering  press.  It  is  simply  another  instance  in 
which  it  is  not  hard  to  imagine  the  kinetic  effect,  or  impact,  of  the 
densely  packed  crowd  as  being  at  least  a  contributory  cause  of  the 
collapse.      At   the    ceremony   of   notifying   Governor    Marshall    of   his 


*  Proceedings,  Am.  Soc.  C.  E.,  March,  1913. 
f  Engineering  News,  July  10th,  1913,  p.  90. 
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selection  as  Democratic  candidate  lor  Vice-President,  wliicli  took  Mr. 
place  in  Indianapolis  in  August,  1912,  a  grand-stand  containing  several 
hundred  people  gave  way.  Fortunately,  no  lives  were  lost,  and  the 
inciilent  was  passed  over  briefly  by  the  press;  but,  here  again,  one  may 
imagine  movementb  in  such  a  crowd,  inspired  by  political  enthusiasm, 
which  might  have  much  greater  efl:"ect  than  the  mere  dead  weight. 

These  are  simply  reports  of  facts,  serious  facts,  involving  the 
loss  of  many  lives  and  the  endangering  of  many  more.  It  would  be 
an  easy  matter  to  multiply  instances,  for  scarcely  a  month  passes  that 
some  accident  of  the  kind  is  not  report-ed.  It  is  difficult,  of  course, 
to  establish  any  direct  and  unquestioned  connection  between  them 
and  the  subject  of  the  paper.  We  naturally  look  for  weakness  in  the 
structure  rather  than  for  excess  in  the  load;  but  a  more  general  recog- 
nition of  the  possible  effects  of  motion  in  crowds  would,  the  writer 
believes,  result  in  safer  and  more  rational  design.  Even  practical 
builders,  who  might  not  be  able  to  compute  stresses  and  strains,  would 
quickly  "sense"  the  new  requirements  and  build  accordingly. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

I  N  S  T  I  T  II  r  K  U     18  5  2 


PAPERS  AND  DISCUSSIONS 

This    Society    is   not    responsible   for   any    statement   made    or   opinion    expressed 
in   its  publications. 


TIDAL  PHENOMENA 
IN  THE  HARBOR  OF  NEW  YORK. 

Discussion.* 


By  H.  i)k  B.  Parsons.  M.  Am.  Soc.  C.  E.f 


II.  ni:  B.  Farso-Ns,   M.  Am.  Soc.  C.  E.   (by  letter).— The  writer  i>      Mr. 
1 1  leasee  1   to  note  the  close  approximation  between  the  percentages  ob- 
tained by  Mr.  Hazen  in  1906  and  those  shown  in  the  paper,  as  indicated 
ill  Table  31. 

Referring  to  ^fr.  Hazen's  criticism  of  Table  32,  the  writer  is  of 
the  opinion  that  the  dips  in  the  curves  for  February  are  due  to  the 
salinometer  readings  being  taken  throughout  the  year  1909  and  used 
in  connection  with  the  average  monthly  discharges  of  the  rivers.  If 
.salinometer  readings  could  have  been  taken  for  as  many  years  as  the 
stream-gauging  record,  the  diagrams  shown  in  the  pajier  would  have 
had  smoother  curves,  and  the  corresponding  tables  would  have  shown 
less  variation  from  month  to  month.  It  happened  that  February.  1909. 
was  a  month  of  great  river  discharge,  and  March,  1909,  a  month  some- 
what below  the  normal. 

Mr.  Hazen  refers  to  an  assunii)tion  made  by  the  writer.  This  as- 
-uinption,  more  correctly  speaking,  is  a  condition,  namely,  that  the 
resultant  flow  of  water  passing  any  section,  such  as  The  Narrows, 
(luring  each  month,  is  the  same  as  that  of  the  land-water  discharged 
during  such  month.  The  resultant  flow  is  the  difference  between  the 
ebb  and  flood  volumes.  This  condition  is  self-evident.  The  only  varia- 
tion is  the  resultant  flow  of  the  East  River,  as  explained  in  the  paper, 
which  will  affect  The  Narrows. 

Mr.  Allen  refers  to  a  series  of  salinometer  readings  extending  from 
the  eastern  end  of  Long  Island  Sound  through  the  East  River  and 
I'pper  Bay.  Fig.  66  shows  graphically  the  results  of  these  salinometer 
readings  and  the  proportions  of  sea-water  and  land-water. 

•  Continued  from  Augu.st,  1913,  Procefdings. 
+  Author's  closure. 
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Mr. 
Parsons. 


Gardiners  Bay 

Mulfords  Point 
Rocky  Point 

Duck  Pond  Point 

Roanoke  Landing 
Herods  Point 

Mount  Misery  Point 
Smithtown  Bay 

Batons  Point 
Lloyds  Point 

Matinicock  Point 
Prospect  Point 
Throgs  Neck 
Classon  Point 

Blackwells  Island 
Williamsburg  Bridge 
Governors  Island 
Robbing  Reef 
Fort  Wadsworth 

West  Bank 


Ambrose  Light 
13  Miles  off  Shore 


PROPORTION  OF  SEA-  AND  LAND-WATER 
THROUGH  LONG  ISLAND  SOUND  AND  NEW  YORK  HARBOR, 
APRIL  13TH  AND  15TH,  1909. 

Fig.  66. 
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THE  ELEVATION  OF  THE  TRACKS 

OF  THE  PHILADELPHIA 

GERMANTOWN  AND  NORRIRTOWN  RAILROAD 

PHILADELPHIA,  PA. 

Discussion.* 


By  Messrs.  George  S.  Webster,  axd  Samuel  Tobias  WA(;M:R.t 


CiK()!{(;i-:   S.   Webster,  M.   Am.   Soc.  C.  E.   (by  letter). — During'  the      Mr. 
liast  twenty-five  years,  grade  crossings  in  the  City  of  Phihulelnliia  have 
been    abolished    by    the    co-operation    of    the    City    with    the    railroad 
companies. 

An  Act  of  the  General  Assembly  of  the  State  of  Pennsylvania, 
approved  June  9th.  1874,  authorizes  cities  and  towns  of  the  State  to 
enter  into  contracts  with  railroad  companies,  whereby  the  lines  of  rail- 
roads may  be  relocated,  reconstructed,  or  elevated,  with  the  view  of 
abolishing  grade  crossings  and  furnishing  better  railroad  service. 

Under  authority  of  this  general  act,  city  ordinances  are  passed, 
authorizing  the  mayor  to  enter  into  such  contracts  with  railroad  com- 
panies on  whose  lines  it  is  desired  to  abolish  grade  crossings.  These 
ordinances  are  not  general,  but  apply  to  the  particular  line  of  railroad 
on  which  the  work  is  to  be  undertaken. 

The  Department  of  Public  Works  conducts  the  negotiations  with 
the  railroad  companies,  prepares  the  ordinances,  in  co-operation  with 
the  same,  has  charge  of  the  preparation  of  plans  and  contracts  for 
changes  of  streets  and  other  municipal  work,  and  exercises  the  right 
of  general  supervision  and  inspection  of  all  construction. 

There  is  no  absolute  rule  which  can  be  laid  down  as  to  the  best 
solution  in  matters  of  the  depression  or  elevation  of  railroad  lines. 
Tt  will  depend  on  the  physical  condition  and  the  character  of  improve- 
ment of  the  section  through  which  the  line  passes. 

*  Continued  from  August,  1913,  Proceedings. 
t  .Author's  closure. 


1638  DISCUSSION   ON   TRACK   ELEVATION  [Papers. 

^'■-  In  the  abolishment  of  grade  crossings  in  Philadelphia  the  method 

adopted  in  every  case  has  been  one  which  seemed  to  suit  best  the 
particular  problems  under  consideration. 

Practically  all  the  passenger-carrying  lines  have  been  elevated  or 
depressed,  the  exception  being  branch  lines  carrying  purely  local  traffic. 
The  lines  of  the  Philadelphia  and  Reading  Railway  Company  and  the 
Pennsylvania  Railroad  Company  enter  their  terminal  stations  over  ele- 
vated tracks.  The  Baltimore  and  Ohio  Railroad  Company  enters  its 
station  by  tracks  depressed  below  the  streets. 

Generally,  the  elevation  of  the  tracks  is  preferred  by  the  railroad 
companies,  but  the  depression  is  somewhat  more  to  the  advantage  of 
the  City,  as  the  railroad  is  practically  concealed,  though  the  nuisance 
caused  by  smoke  is  greater  than  with  an  elevated  line. 

As  a  rule,  the  noise  from  a  depressed  line  is  much  less  than  from 
an  elevated  line,  and  where  the  streets  pass  below  the  railroad  there 
is  more  temptation  for  the  commission  of  nuisances  than  where  the 
streets  pass  overhead  in  the  open. 

The  method  which  seems  to  affect  property  most  seriously  is  that 
which  involves  a  partial  elevation  of  the  tracks  and  a  partial  depres- 
sion of  the  streets,  in  which  cases  the  adjoining  property  is  damaged 
to  a  considerable  extent  by  the  change  of  grade  of  streets,  and  a  long 
time  usually  elapses  before  these  properties  recover  their  value  and 
desirability. 

The  State  of  Pennsylvania  does  not  contribute  to  work  of  this  kind. 
It  has  been  the  general  practice  for  the  city  and  the  railway  company 
interested  to  pay  equal  proportions  of  the  cost,  although  this  is  not  an 
invariable  rule.  In  only  one  instance  has  the  street  railway  company 
contributed. 

The  work  of  abolishing  grade  crossings  in  Philadelphia  commenced 
about  1887,  and  since  that  time  three  grade  crossings  of  important 
railway  lines  have  been  abolished  and  about  one  hundred  and  twenty 
street  and  railway  grade  crossings  have  been  eliminated. 

The  first  ordinance  authorizing  the  abolishment  of  grade  crossings 
was  approved  on  March  29th,  1887.  This  provided  for  the  gradual 
abolishment  of  grade  crossings  and  the  opening  of  new  streets  along 
the  New  York  Division  of  the  Pennsylvania  Railroad,  in  the  north- 
eastern section  of  the  city.  The  Railroad  Company  elevated  its  tracks 
approximately  9  ft.,  and  the  grades  of  the  streets  were  depressed  a  like 
amount,  so  as  to  permit  of  the  construction  of  undergrade  bridges. 
The  Railroad  Company  paid  the  cost  of  changing  the  elevation  of  the 
tracks,  the  construction  of  the  bridges,  and  all  work  incident  thereto 
within  its  right  of  way.  The  City  graded  the  street  approaches  to  the 
bridges  and  paid  the  damages  to  property  due  to  the  change  of  street 
grades.  The  work  has  extended  over  a  considerable  period  of  years, 
and  is  not  yet  entirely  completed,  therefore  the  ultimate  cost  to  the 
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City  or  the  raihvay  oompanios  has  not  boeii  determined,  but  when  the      Mr. 
airroement  was  entered  into  it  was  estimated  that  the  cost  of  the  work     ^  ^  ^^' 
would  be  approximately  equally  divided. 

An  ordinance  of  December  26th,  1890,  provided  for  the  construc- 
tion of  the  Reading  Terminal  Railroad  to  Market  Street,  by  an  ele- 
vated line  from  Green  Street  and  the  abolisliment  of  grade  crossings 
at  Columbia  Avenue  and  at  Broad  Street  and  Lehigh  Avenue,  those 
streets  being  carried  above  the  railroad.  The  Railway  Company  paid 
;iil  the  cost  of  these  improvements  and  changes. 

An  ordinance  of  February  4th,  1892,  provided  for  the  abolishment 
of  grade  crossings  of  the  North  Pennsylvania  Railroad  and  the  Con- 
necting Railway  Company,  together  with  four  grade  crossings  of 
streets,  at  a  cost  of  $^3 00  000,  $200  000  being  paid  by  the  City  and 
$100  000  by  the  Pennsylvania  Railroad  Company,  lessee  of  the  Con- 
necting Railway.  The  Philadelphia  and  Reading  Railway  Company, 
le.<=;see  of  the  North  Pennsylvania  Railroad,  did  not  contribute. 

In  abolishing  the  grade  crossings  on  Pennsylvania  Avenue,  under 
the  ordinance  of  March  ITth,  1894,*  the  railroad  was  depressed  below 
tlie  streets  and  carried  partly  in  tunnel.  Seventeen  grade  crossings 
were  abolished,  at  a  cost  of  $5  487  000,  the  cost  being  equally  divided 
between  the  City  and  the  Railway  Company. 

Under  an  ordinance  of  1897,  thirty  grade  crossings  were  abolished 
on  the  Philadelphia  and  Trenton  Railroad.  In  this  instance  the  rail- 
road was  elevated  in  such  a  manner  that  street  grades  were  not  dis- 
turbed. The  City  contributed  $800101  toward  the  cost  of  the  work 
and  the  Pennsylvania  Railroad  Company,  lessee  of  the  Philadelphia 
and  Trenton  Railroad,  paid  the  remainder,  amounting  to  $667  541.60. 

An  ordinance  of  1900  provided  for  the  abolishment  of  four  grade 
crossings  on  the  line  of  the  Chestnut  Hill  Branch  of  the  Philadelphia 
and  Reading  Railway.  In  this  case  the  contract  price  was  $216  000. 
The  City  appropriated  $70  000  and  assumed  the  liability  for  land  dam- 
ages, which  amounted  to  $82  035.75,  making  the  total  cost  to  the  City 
$152  035.75.     The  Railway  Company  paid  the  remainder,  $146  000. 

The  elevation  of  the  tracks  of  the  Philadelphia,  Germantown  and 
.Vnrristown  Railroad,  authorized  by  ordinance  of  October  13th,  1906, 
which  has  been  dciseribed  so  fully  and  clearly  by  Mr.  Wagner,  involves 
an  expenditure  of  approximately  $7  000  000.  The  cost  of  elevating  the 
tracks  in  order  to  give  the  railway  company  "as  good  accommodations 
and  as  complete  and  convenient  facilities  as  existed  prior  to  the  com- 
mencement of  the  work,  for  conducting  business  and  operating  said 
railroad,"  was  borne  equally  by  the  City  and  the  Railway  Company, 
the  Railway  Company  bearing  the  expense  of  all  betterments  to  its 
line. 

The   Philadelphia   Rapid    Transit    Company    (operating   the   street 

*  Described  in  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLIV,  p.  1,  and  Vol.  XL VIII,  p.  470. 
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,..¥'":  passenger  railway  system  of  the  city)  contributed  $400  000  to  the  City 
as  a  part  of  the  cost  of  abolishing  grade  crossings  in  this  instance. 

In  the  work  of  abolishing  grade  crossings  described  in  Mr.  Wagner's 
paper  it  was  necessary  in  several  instances  to  lower  the  grade  of  a  num- 
ber of  important  streets  in  order  to  carry  them  under  the  railroad. 
The  properties  fronting  on  these  streets  were  used  for  both  manu- 
facturing and  residential  purposes,  and  were  of  moderately  high  class ; 
and,  as  some  of  the  streets  were  important  thorovighfares  leading  from 
one  populous  district  to  another  and  carried  heavy  traffic,  the  problem 
of  adjusting  grades  was  difficult.  It  was  decided  that  on  all  main 
thoroughfares  the  gradients  should  not  exceed  3%,  and  that  on  minor 
residential  streets  steeper  grades,  generally  not  exceeding  5%,  would 
be  permissible,  and  on  this  basis  the  street  grades  were  established. 

Where  streets  were  depressed  to  carry  them  under  the  railroad,  a 
total  reconstruction  of  the  sewer  system  was  made  necessary.  This 
required  the  laying  of  new  trunk  sewers  (in  many  cases  with  flat 
gradients)  to  distant  points  where  outlets  could  be  obtained.  To  pre- 
vent overflows  in  these  depressions  during  heavy  rain  storms,  the  sizes 
of  the  sewers  were  designed  with  an  ample  factor  of  safety. 

The  writer  heartily  endorses  Mr.  Wagner's  statement  that  one  of 
the  most  important  features  in  water-proofing  is  to  get  the  water  away 
from  the  structure  as  fast  as  possible.  As  all  viaducts  and  bridges 
carrying  the  railroad  over  streets  are  required  to  have  solid  floor  con- 
struction, it  is  important,  not  only  for  the  maintenance  of  the  steel- 
work, but  also  for  the  protection  of  pedestrians  passing  under  the 
bridge,  that  care  should  be  taken  to  water-proof  the  structure  properly. 

The  City  of  Philadelphia  has  recently  reached  an  amicable  under- 
standing with  the  Pennsylvania  Railroad  Company  and  the  Baltimore 
and  Ohio  Railroad  Company  for  the  abolishment  of  grade  crossings 
and  the  readjustment  of  their  freight  lines  in  the  southern  section 
of  the  city,  the  cost  of  which  is  estimated  to  be  about  $20  000  000, 
which,  under  the  terms  of  the  tentative  agreement,  will  be  paid  for 
approximately  one-half  by  the  City  and  one-half  by  the  Railroad  Com- 
panies. The  City's  contribution  in  this  case  is  predicated  upon  the 
Railroad  Companies  agreeing  that  the  railroad,  to  be  constructed 
around  the  southern  section  of  the  city,  to  replace  the  existing  lines, 
shall  form  an  "Open  Gateway"  for  the  entrance  of  other  railroads 
into  the  city,  on  the  payment  of  an  equitable  share  of  the  costs. 

A  minimum  clearance  of  14  ft.  is  required  under  all  bridges  carry- 
ing railroads  above  streets,  whether  or  not  occupied  by  street  railroad 
cars,  but  it  has  been  found  that  a  greater  clearance  is  desirable  on  wide 
avenues,  even  at  an  increased  cost. 

There  has  been  little  or  no  difficulty  in  obtaining  the  co-operation 
of  the  railroad  companies  in  this  work.  Negotiations  sometimes  move 
slowly,   on   account   of   legal   and   financial   obstacles   to   be   overcome, 
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but.   :is  a    rule,   the  companies  are   as  anxious   to   aboli.sh   their   grade       Mr. 

Webster 
crossings  as  the  City  is  to  have  them  do  so,  and  the  work  has  been 

jihinned  so  that  both  railway  and  highway  travel  has  been  maintained 
during  construction.  In  all  cases  the  total  cost,  including  land  dam- 
ages, has  been  less  than  the  engineers'  estimates  prepared  prior  to  the 
eoniniencemcnt  of  the  work. 

SA^riKL  Tobias  Wagner,  M.  Am.  Soc.  C.  E.  (by  letter). — Replying  Mr. 
to  Mr.  Snow's  questions,  the  abolition  of  these  grade  crossings 
had  been  under  discussion  between  the  City  and  the  Railway 
Company  for  a  number  of  years  prior  to  the  beginning  of  the  work  and 
was  the  result  of  a  number  of  conferences  terminating  in  the  passing 
of  the  ordinance  by  the  City  Councils  and  the  signing  of  the  agreement, 
authorized  by  the  ordinance,  by  the  officials  of  the  City  and  the  Rail- 
way Company.  During  this  time  the  general  plan,  as  finally  con- 
structed, was  decided  on,  and  the  scheme  for  the  division  of  cost,  as 
well  as  the  necessary  legislation  required  by  the  City  to  carry  on  its 
part  of  the  work,  was  perfected. 

The  ordinance,  while  general  in  its  scope,  covered  some  points  with 
considerable  detail,  such  as  fixing  the  limits  of  the  four-track  viaduct; 
the  main  points  of  the  railroad  construction  in  which  the  City  would 
join ;  and  some  specific  details  of  what  were  to  be  considered  as  better- 
ments for  the  Railway  Company,  such  as  the  cost  of  the  construction 
of  two  tracks  of  the  steel  viaduct  between  Brown  Street  and  Girard 
Avenue,  where  the  Railway  Company  had  but  two  tracks  prior  to 
beginning  work  and  where  it  was  desired  to  have  four  in  the 
completed  work.  The  majority  of  the  ca.ses  in  which  the  division 
of  cost  had  to  be  determined,  was  decided  on  after  the  work  was  com- 
pletely planned  and  placed  under  contract.  This  was  done  after  the 
most  careful  preparation  of  plans  and  estimates,  based  on  accurate  and 
checked  data,  as  to  the  dimensions  and  character  of  the  structures 
existing  before  the  work  was  started.  Conferences  on  each  subject 
were  held,  and  the  matters  decided  on  were  made  of  final  record  by  the 
signatures  of  the  Director  of  the  Department  of  Public  Works  of  the 
City  and  the  Chief  Engineer  of  the  Railway  Company,  who  were  the 
specially  designated  officials  under  the  terms  of  the  agreement.  In 
this  way,  before  any  payments  were  made  on  a  contract  executed  by 
the  Railway  Company,  the  amounts  to  be  paid  by  each  interest  were 
definitely  determined.  As  the  ordinance  did  not  provide  for  any  better- 
ments to  the  City,  the  division  of  the  estimates  on  the  contracts 
executed  by  the  City  was  always  into  two  equal  shares. 

Where  streets  were  widened,  the  Railway  Company  paid  for  one- 
half  of  the  cost  of  the  widening.  This  widening  was  shown  on  the 
general  plans  of  the  work,  which  were  made  part  of  the  original 
agreement. 
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Mr.  The  agreement  specially  provided  that  the  Railway  Company  could 

agner.  ^^^  recover  for  damages,  caused  by  changes  of  the  grades  of  streets, 
to  any  of  its  property  held  prior  to  the  date  of  the  ordinance,  and, 
therefore,  whatever  amount  was  necessary  to  place  the  property  in 
usable  condition  was  divided  equally  between  the  two  interests.  This 
work  was  always  done  under  contract  on  properly  approved  plans. 

The  question  of  the  design  of  the  temporary  trestle  was  one  which 
required  much  study  in  order  to  determine  the  most  economical  con- 
struction combined  with  its  maintenance  under  heavy  and  rapid  travel. 
One  of  the  requirements  of  the  Operating  Department  was,  that  there 
should  be,  at  all  times,  two  tracks  entirely  unobstructed,  on  which  all 
trains  could  be  run  on  schedule  time.  This  meant  that  a  perfect  track 
must  be  maintained,  and  the  primary  thought  in  the  design  was  that 
of  minimum  maintenance.  As  one  of  the  two  tracks  carried  by  the 
trestle  was  half  supported  by  the  masonry  wall,  and  as  a  portion  of  it 
was  over  a  part  of  the  excavation  for  the  foundations,  it  was  considered 
wise  to  endeavor  to  have  a  specially  secure  footing  for  the  remainder 
of  the  trestle.  The  section  of  the  work  where  the  trestle  was  built  was 
formerly  occupied  by  four  tracks,  12-ft.  centers,  on  a  right  of  way 
66  ft.  in  width,  with  drainage  ditches  on  the  sides,  and  was  not  on  a 
street  surface.  The  bottom  of  the  foundation  of  the  concrete  footing 
was  but  12  in.  below  the  old  low-level  rail,  and  therefore  not  down  to 
the  original  sub-grade.  It  is  believed  that  any  increased  cost  in  the 
placing  of  this  concrete  was  more  than  offset  by  the  saving  in  main- 
tenance. In  one  or  two  cases  where  the  footings  were  on  a  fill,  and 
where  settlement  had  occurred,  the  maintenance  of  the  track  by  blocking 
up  the  stringers  was  very  expensive  on  account  of  the  continuous  traffic. 
Mr.  Harte's  remarks  about  the  water-proofing  of  the  bridges  are 
interesting  as  being  further  proof  of  the  perversity  of  water  in  finding 
its  own  way  and  not  following  one  which  has  been  provided  by  the 
engineer.  As  already  explained,  the  use  of  drainage  nipples  was 
found  to  be  bad,  and  the  troughs  on  later  designs  were  entirely  filled 
with  concrete  and  the  mastic  placed  on  top.  The  grades  were  either 
toward  both  ends  of  the  span,  or  all  to  one  end,  depending  on  the 
grade  of  the  track.  The  only  difticulty  with  this  method  is  that  if  the 
sub-drainage,  behind  the  back  walls,  is  not  good,  the  water,  in  case  of  a 
heavy  rainfall,  will  back  up,  and  it  is  difficult  to  prevent  it  from  work- 
ing under  the  apron-plate  and  down  the  face  of  the  abutment.  Further, 
it  is  often  difficult  to  get  sxiificient  grade  on  even  a  short  span  to  carry 
the  water  off  the  bridge  as  rapidly  as  is  desired,  especially  after  the 
ballast  has  become  dirty.  In  recent  design.?,  the  detail  arrangement 
of  the  steel  above  the  top  of  the  floor  has  been  made  with  special 
reference  to  the  water-proofing,  and  the  principle  has  been  estab- 
lished that  it  is  not  wise  to  allow  the  water  to  run  off  the  ends 
of  the  span.     It  should  be  caught  by  inlets  placed  near  the  ends  and 
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carried    into    the  sewers   by   wroujilit-imii    piping:   with   suitable   clean-      Mr 


outs.  Intermediate  inlets  are  also  provided  on  the  concrete  floor,  with 
grades  as  steep  as  possible.  In  these  designs  the  membrane  method  ol 
water-proofing  was  adopted  as  being  preferable  to  the  asphalt  mastic. 
In  a  number  of  spans  of  this  character  just  completed,  the  wisdom  of 
this  method  seems  to  be  indicated  as  the  results  so  far  have  been  very 

f,HH)d. 

It  will  be  noticed  that  the  majority  of  the  bridges  described 
in  the  paper  were  water-proofed  with  a  natural  rock  asphalt  mastic, 
without  any  protection  from  the  ballast.  In  spite  of  what  would  be 
now  considered  indifferent  details,  these  bridges  are  giving  fairly 
satisfactory'  service,  and  to  the  writer's  knowledge,  there  has  not  been  a 
single  complaint  from  any  one  as  to  leakage.  It  is  true  that  they  are 
not  all  tight,  but  the  average  seems  to  be  good.  When  it  is  remem- 
bered that  there  are  more  than  350  000  sq.  ft.  of  bridge  surface  over 
streets,  or  more  than  8  acres  in  all,  it  is  believed  that  this  is  a  fair 
record,  when  the  usual  ability  of  the  public  to  complain,  is  considered. 

The  question  of  the  proper  material  for  use  in  the  water-prooHng 
of  solid  floor  bridges  is  a  most  interesting  one,  not  only  on  account  of 
the  cost  involved,  and  the  uncertainty  of  the  durability  of  the  materials, 
but  also  because  there  are  two  widely  different  materials  in  very  general 
use  for  such  work,  namely,  coal-tar  pitch  and  materials  of  an  asphaltic 
nature,  and  it  behooves  the  engineer  to  use  the  best.  The  whole 
question  is  also  complicated  by  the  proper  design  of  the  steelwork 
for  the  water-proofing,  as  well  as  the  workmanlike  application  of  the 
materials,  both  of  which  are  of  the  utmost  importaftce.  With  careful 
observation  during  the  past  four  years  no  cases  have  been  discovered 
where  the  asphalt  mastic  has  been  cut  into  by  the  ballast  in  such  a 
manner  as  to  injure  it  in  any  way,  and  considering  the  large  areas 
involved,  there  have  been  verj'  few  cases  of  the  mastic  cracking  on  the 
main  surfaces.  Where  cracks  have  occurred,  they  have  generally  been 
along  the  webs  of  the  girders  or  at  the  ends  of  the  spans,  and  even  these 
have  been  surprisingly  few.  In  new  work  where  the  V-sliaped 
wedge  of  pure,  low  melting  point  asphalt  has  been  used  along  the 
girders,  there  has  been  no  cracking  or  leaking.  In  asphalt  mastic,  the 
writer  believes  that  the  use  of  a  ductile,  low  melting  i)oint  asphalt  as 
a  flux  is  desirable,  and  also  that  the  proportions  be  such  as  will  produce 
a  mastic  which  is  soft  rather  than  one  which  is  hard. 

During  the  summer  of  191.'5,  asphalt  ma.stic.  made  of  Val  de  Travers 
natural  rock,  was  uncovered  on  a  brick-filled  arch  carrying  a  railroad 
over  a  street  in  Philadelphia.  The  arch  had  been  built  by  tlie  City 
in  1S92.  The  ma.-^tic  was  1  in.  thick  and  i)laeed  on  cement  mortar  over 
the  top  of  the  brick.  The  dry  stone  packing  for  drainage  was  placed 
immediately  on  the  mastic.  Inspection  showed  that  in  many  cases 
the  stone  had  cut  down  into  the  mastic,  but  in  four  openings  luade  at 
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Mr.  different  parts  of  the  bridge,  every  case  of  such  cutting  .showed  suf- 
Wagner.  g^ient  niastic  remaining  to  give  adequate  protection.  At  the  end  of 
21  years  of  service,  tlie  surfaces  of  this  mastic  were  bright  and  showed 
no  signs  of  disintegration  of  the  asphalt.  A  small  sample  removed 
showed  surprising  ductility  and  uniformity  of  the  fractured  surface. 
Replying  to  the  question  asked  by  Mr.  Lewis,  comparisons  between 
the  original  estimates  of  the  total  cost  of  any  work  and  the  final  cost 
are  always  interesting,  and  of  grea.t  value  to  the  engineer  who  has 
much  of  this  kind  of  work  on  which  to  estimate.  In  this  case,  it 
is  possible  to  give  but  rough  figures  at  the  present  time,  for  though 
the  work  of  construction  is  completed,  there  are  a  number  of  suits  for 
damages  which  are  still  pending,  and  until  these  ha.ve  been  disposed 
of,  final  figures  cannot  be  given.  It  is  quite  safe  to  state,  however,  that 
the  work  will  be  completed  well  within  the  original  estimated  cost 
of  $7  659  740,  as  at  the  present  time  the  total  expenditures  amount  to 
about  $6  800  000,  and  the  total  amount  of  the  unsettled  chiims  is 
far  less  than  the  difference. 
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THE   STORAGE  OF   FLOOD-WATERS   FOR 

IRRIGATION: 

A    STFDY   OF   THE    SFPPLY   AVAILABLE    FROM 

SOUTHERN   CALIFORNIA    STREAMS. 

Discussion.* 


By  CiiARLKs  H.  Lee,  Assoc.  M.  Am.  Soc.  C.  E. 


Cmari.ks  II.  Lee,  Assoc.  M.  Am.  Sue.  C.  E.  (by  letter). — The  author  Mr. 
has  presented  in  a  very  detailed  and  interesting  manner  the  water 
supply  situation  on  the  San  Gabriel  Kiver,  and  the  writer  agrees 
heartily  with  his  conclusions  regarding  the  possibility  of  increased  use 
of  the  flow  of  Southern  California  streams  by  storage.  The  subject 
is  one  that  offers  an  interesting  field  for  engineering  endeavor,  and 
the  author  has  laid  the  foundation  for  a  broad  discussion  which  should 
be  of  great  value,  not  only  to  the  Engineering  Profession,  but  also 
to  the  inhabitants  of  Southern  California. 

The  writer  has  been  familiar  wath  the  water  resources  of  Southern 
California  for  a  number  of  years,  and  during  the  past  year  has  had 
occasion  to  make  detailed  studies  of  three  im!)ortant  streams,  in  con- 
nection with  projiosed  increased  use  of  the  surplus  flood.  He  has  been 
impressed  with  one  phase  of  storage  in  this  region,  which,  although 
mentioned  by  Mr.  Strong,  was  not  particularly  emphasized.  This  is 
the  necessity  for  over-year  storage  in  addition  to  monthly  regulation, 
in  order  to  accomplish  the  greatest  beneficial  use  of  stream  flow.  Mr. 
Strong  has  approached  the  subject  with  the  primary  idea  of  making 
increased  use  of  the  stream  flow  by  regulation  of  monthly  inequalities. 
'J"he  writer  believes  that  permanent  increased  use  of  the  surplus  flow 
of  Southern  California  streams  requires  the  regulation  of  annual  run- 
off as  well  as  monthly  flow. 


•  This  discussion  rof  the  paper  by  A.  M.  Strone,  Assoc.  M.  Am.  Soc.  C.  E..  published  m 
May,  1913,  Proceeding!^  and  presented  at  the  nneeting  of  September  3d.  191.3)  is  printed  in 
Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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Mr. 
Lee, 


The  necessity  for  over-year  storage  is  well  shown  by  Table  3,  which 
gives  the  total  discharge  of  San  Gabriel  River  for  the  12-month  season, 
September  1st  to  August  31st,  from  the  seasons  1895-96  to  1910-11, 
inclusive,  as  observed  by  the  United  States  Geological  Survey.  It  will 
be  noted  that  during  these  16  years  the  annual  run-oif  has  varied  from 
a  minimum  of  9%  of  the  mean  to  a  maximum  of  305%,  or  from  one- 
tenth  to  three  times  the  mean.  Considering  groups  of  three  consecu- 
tive years,  the  extremes  have  been  from  14  to  216%,  or  from  one- 
seventh  to  more  than  twice  the  mean.  The  run-off  during  the  7-year 
period,  1897-98  to  1903-04,  was  only  37%  of  the  mean,  though  that 
of  the  following  7  years  averaged  176  per  cent.  Although  the  3-year 
period  of  drought,  1897-98  to  1899-1900,  is  of  infrequent  occurrence, 
and  might  be  tided  over  by  temporary  expedients,  yet  the  benefit  to 
be  derived  from  annual  storage  is  great,  and  the  permanent  increased 
use  of  stream  flow  cannot  exist  without  it. 

TABLE  3. — Total  Annual  Discharge  of  San  Gabriel  River. 
(Compiled  from  U.  S.  Geological  Survey  Records.) 


Season, 
September  1st 
to  August  31st. 

Mean,  in 
second -feet. 

Acre-feet. 

Percentage 
of  mean. 

1895-96 
1896-97 
1897-98 
1898-99 
1899-00 
1900-01 
19(11-02 
1902-03 
19(«-04 
1904-05 
1905-06 
190»i  07 
1907-08 
190S-Of) 

i9a)-io 

1910-11 

38.9 

136.4 

32.9 

13.8 

16.7 

137.0 

33.9 

145.3 

40.7 

220.3 

320.6 

483.9 

109.3 

254.3 

192.3 

376.0 

28  200 
90  500 

23  7(X) 
9  9(M) 

12  100 
95  4(K3 

24  500 
104  800 

29  600 
158  700 
235  100 
349  200 

79  300 
179  500 
139  900 
271  600 

25 

79 

21 

9 

11 

82 

21 

93 

26 

139 

205 

305 

69 

157 

123 

237 

158.9 

114  500 

100 

The  determination  of  dependable  supply  with  over-year  storage 
regulation  is  easily  made  by  constructing  a  mass-curve  of  daily  dis- 
charge in  acre-feet  for  the  period  of  record.  The  ordinate  to  this  curve 
at  any  date  represents  the  aggregate  run-off  from  the  initial  date  of 
record  to  the  date  being  considered,  and  the  slope  of  the  curve  repre- 
sents the  rate  of  flow.  The  mass-curve  can  be  constructed  either  for 
the  full  flow  of  the  stream  or  for  that  portion  which  a  transmission 
system  of  given  capacity  will  divert.  From  such  a  diagram  the  safe 
yield  of  a  given  reservoir  with  the  known  water  supply  can  be  deter- 
mined  with   precision,   or,    if   desired,   the   storage   capacity   necessary 
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for  a  given  draft  on  the  known  supply.  The  writer  has  found  Mr. 
such  a  curve  to  be  the  simplest  and  most  comprehensive  form  in  which 
to  assemble  the  run-off  data  of  a  stream  for  solving  the  problems  dis- 
cussed by  Mr.  Strong,  and  suggests  it  as  a  more  satisfactory  method 
of  ascertaining  the  supply  available  for  storage  than  that  used  by 
the  author. 

The  general  absence  of  good  reservoir  sites  of  adequate  capacity 
in  the  mountains  eliminates  the  possibility  of  surface  storage  on  most 
Southern  California  streams.  Furthermore,  surface  storage  is  not 
desirable  on  account  of  the  great  evaporation  loss.  A  reliable  4-year 
record  of  evaporation  from  a  pan  floating  on  the  surface  of  Sweetwater 
Reservoir  near  San  Diego  indicates  an  annual  depth  of  58.7  in.,  amount- 
ing to  about  40%  of  the  annual  storage.  The  conditions  throughout 
the  valley  portions  of  Southern  California,  away  from  the  Coast,  are 
similar  to  those  at  Sweetwater  Reservoir.  The  losses  resulting  from 
extended  over-year  storage  in  surface  reservoirs  in  the  valleys  of 
Southern  California,  therefore,  would  tend  to  offset  the  benefit. 

Underground  storage  possibilities  in  the  gravel-filled  basins  which 
underlie  these  valleys  have  all  the  conditions  necessary  for  efficient 
annual  regulation.  The  storage  capacity  is  almost  unlimited,  the 
evaporation  losses  outside  the  region  of  outlet  are  small,  and  the  move- 
ment of  water  through  the  gravels  to  the  region  of  outlet  is  so  slow 
that  annual  as  well  as  monthly  irregularities  of  supply  are  smoothed 
out.  This  type  of  storage  is  being  practised  on  several  streams  of  the 
region  with  good  results  and  promises  eventually  to  solve  satisfactorily 
the  problem  of  annual  storage. 

The  common  practice  of  saturating  the  gravels  of  the  middle  or 
lower  portion  of  a  basin  does  not  accomplish  over-year  storage,  how- 
ever; it  merely  raises  the  local  ground-water  surface  temporarily,  and 
the  water  soon  reaches  the  region  of  outlet  and  is  lost  by  evaporation 
or  overflow  into  surface  streams  before  a  dry  year  arrives.  The  best 
practice  is  to  get  the  water  into  the  gravels  around  the  rim  of  the 
basin,  close  to  the  mountains.  The  storage  capacity  is  greatest  here, 
the  water  levels  are  raised  throughout  the  basin,  and  a  greater  time 
elapses  before  the  water  can  reach  the  region  of  outlet,  thus  maintain- 
ing the  water  levels  more  permanently.  Storage  water  carried  out  on 
these  lines  will  do  much  toward  greater  use  of  the  flow  of  streams  like 
the  San  Gabriel  River. 

The  results  accomplished  by  underground  storage  or  'Svator  spread- 
ing" on  the  alluvial  fan  of  the  Santa  Ana  River  in  San  Bernardino 
Valley  have  come  under  the  writer's  observation.  This  stream  had 
an  annual  run-off,  during  the  period  of  1900-01  to  1911-12,  according 
to  the  Government  record,  of  72  100  acre-ft.  There  is  a  surface  storage 
reservoir  of  26  463  acre-ft.  capacity  on  the  upper  portion  of  this  stream, 
which  recently  was  increased  to  65  000  acre-ft.     With  this  regulation 
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Mr.  the  loss  of  surplus  water  amounts  to  42%  of  the  total  nui-otf.  while 
■  for  the  San  Gabriel  it  is  64%,  as  indicated  by  Mr.  Strong's  data 
(Table  4).  The  conservation  of  this  surplus  by  water  spreading  has 
been  attempted  for  a  number  of  years  on  a  small  scale,  but  during  the 
last  four  seasons  it  has  been  placed  on  a  permanent  basis.  From  10  000 
to  15  000  acre-ft.  annually  are  now  being  diverted  and  stored  in  the 
gravels  of  the  San  Bernardino  Valley,  of  which  about  three-fourths 
are  derived  from  Santa  Ana  River,  thus  reducing  the  lost  surplus  flow 
of  that  stream  from  42  to  30%  of  the  total  run-off.  The  annual  cost 
of  this  work  is  about  30  cents  per  acre-ft.  stored,  including  operation 
and  interest  on  investment.  The  quantity  of  water  stored  could  be 
increased  considerably  with  very  little  additional  expense  per  aero-foot. 

TABLE  4. — Discharge  .ok  Sax  Gabrikl  River  Available  for  Canals 

AND  Surplus. 

(Prepared  from  Author's  Data.) 


Season. 

Total 

discharge,  in 

acre-feet. 

Discharge 
available  for 

canals, 
in  acre-feet. 

Surplus. 

Acre-feet. 

Percentage 
of  totaL 

1902-03 
1903-04 
1904-05 
]905-0() 
19rH5-07 
1907-08 
1908-09 
1909-10 

104  944 
39  650 
1.59  128 
234  776 
349  540 
83  200 
179  850 
140  040 

iiS  000 
24  500 
36  750 
44  050 
49  950 
47  550 
43  720 
43  7.30 

71  944 

5  150 

122  378 

190  726 

299  590 

.35  650 
136  130 

96  310 

(is 
17 

78 
86 
43 
7(i 
69 

Average 

160  140 

40  400 

119  740 

64 

In  connection  with  the  subject  of  natural  underground  storage,  the 
writer  has  had  occasion  to  make  careful  and  extended  measurements 
of  percolation  from  gravel  stream  channels  in  Owens  Valley,  and  has 
found  that,  for  stable  channel  conditions,  a  straight-line  relation  holds 
between  loss  in  second-feet  per  mile  of  channel  and  total  discharge 
(Fig.  20).  Although,  as  the  author  states,  the  measurements  of  absorp- 
tion on  the  San  Gabriel  River  by  the  United  States  Geological  Survey 
are  not  satisfactory,  yet  on  other  Southern  California  streams  the  data 
are  more  complete.  Analysis  of  these  data  indicates  that  the  straight 
line  holds  for  percolation  from  the  gravel  stream  channels  of  Southern 
California,  for  moderate  discharges,  where  channel  conditions  are  fairly 
stable  (Fig.  21).  The  conditions  on  the  Santa  Ana  River  correspond 
closely  to  those  on  the  San  Gabriel,  and  give  an  idea  of  the  extent  to 
wliich  absorption  occurs  through  natural  proces.ses. 
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STREAM  PERCOLATION   DIAGRAMS 
FOR  OWENS  VALLEY  CREEKS 


Cliouuel  coDilitioub  uniform  on  each 
creek,  but  diffiTcnt  for  varioun  creeks. 

Total  losses  vary  on  different  creeks 
from  20  to  fiO^i  of  discliurge  at  luouth 
of  canyon. 

Observations  by  L..V.  Aquednit  and 
P.3  O.S.Bee  WaterSupply  Po|>erNo.:;9 
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Fig.  20. 
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Fig.   21. 
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MODERN  PIER  CONSTRUCTION 
IN  NEW  YORK  HARBOR. 

Discussion.* 


Bv  ^Jkssrs.  E.  G.  ^YALKER,  Edwix  J.  Beugler,  and  Harrison  S.  Taft. 

E.  G.  Walker,  Jrx.  Am.  Sof.  C.  E.  (bj'  letter). — The  Engineering  Mr. 
Staff  of  the  Department  of  Docks  and  Ferries  of  New  York  City,  has  ^^'^^^^' 
evolved  a  novel  and  effective  type  of  pier,  without  introducing  any 
drastic  departures  from  generally  accepted  methods  of  construction. 
Composite  structures  in  which  reinforced  concrete  is  used  are  common, 
hut  a  reinforced  concrete  decking  on  a  timber  pier,  as  detailed  in  the 
paper,  is  less  common,  and,  in  many  cases,  would  need  special  justifica- 
tion by  reason  of  the  great  difference  which  generally  exists  between 
the  life  of  a  concrete  work  and  that  of  a  timber  structure  set  in  water. 
In  New  York  Harbor,  however,  there  is  a  special  combination  of  con- 
ditions, which,  as  a  rule,  does  not  occur  elsewhere,  and  makes  the 
composite  piers  described  an  admirable  solution  of  the  problem  of 
providing  wharfage  space  economically. 

The  figures  in  Table  1  show  an  appreciable  saving  in  first  cost  by 
the  adoption  of  the  new  construction,  but  no  direct  figures  are  given 
as  to  the  relative  maintenance  costs.  Inasmuch  as  reduction  of  the 
latter  cost  is  often  of  greater  importance  than  a  snuill  saving  on  first 
cost,  the  writer  has  endeavored  to  arrive  at  some  relative  figures  from 
the  data  in  the  paper.  From  Table  1,  he  has  obtained  by  deduction  the 
figures  in  Table  2. 

The  author  claims  that,  with  the  concrete  and  asphalt  decking,  re- 
pairs to  sheathing  and  decking  arc  practically  eliminated,  and  that 
repairs  to  rangers  and  caps  are  reduced  considerably.  This  gives  the 
approximate  figures  in  Table  3, 

*  This  discussion  (if  th«»  paper  by  Charles  W.  Staniford.  M.  Am.  See.  C.  E.,  published  in 
May,  1913,  Froceedingn.  and  presented  at  the  meeting  of  September  3d,  li)18i,  is  printed  in 
Proceedhu/s  in  order  that  the  views  expressed  maybe  brought  before  all  inemb.-rs  for 
further  discussion. 


Mr. 
Walker. 
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TABLE  2. — Repair  Costs  of  Wooi)i:n  Deck  Pieks. 


Description 


Sheathing 

Backing  log 

Fender  chocks,  including  vertical  sheathing 

Fender  piles 

Decking 

Bracing 

Rangers  and  caps 

Piles 


Percentage  of 

total  original 

cost. 


13 

1.8 

4 

4.7 
11.3 

7.1 
24.4 
34.7 


Number  of 

years  required 

for  complete 

renewal. 


Total  annual  cost  of  renewals,  averaged  over  60  years. 


Percentage 
of  average 
annual  cost 
of  renewal. 


3.00 
0.23 
0.40 
0.40 
0.75 
0.18 
0.61 
0.58 


5.15 


TABLE  3. — Repair  Costs  of  Concrete   Deck  Piers. 


Description. 


Sheathing  and  decking 

Backing  log 

Fender  chocks,  etc 

Fender  piles 

Bracing 

Rangers  and  caps 

Piles 

Total  annual  cost  of  renewals,  averaged  over  60  years. 


Percentage  of 
average  annual 
cost  of  renewal. 


0.05  (say) 

0.23 

0.40 

0.40 

0.18 

0.50  (say) 

0.58 


2.34 


This  total  is  only  about  46%  of  the  total  annual  cost  of  mainte- 
nance of  the  timber-decked  piers,  considering  only  equal  capital  ex- 
penditure. Inasmuch  as  the  average  cost  per  square  foot  for  timber- 
decked  piers  is  $1.07,  and  for  concrete-decked,  $0.97,  it  follows  that  the 
average  annual  costs  per  square  foot  for  maintenance  are: 

For  wooden  deck  piers $1.07  X  0.0515  =  $0,055 

For  concrete  deck  piers $0.97  X  0.0234  =  $0,023, 

showing  a  reduction  of  58%  by  the  use  of  concrete. 

If  this  deduction  is  correct,  it  is  obvious  that  a  very  great  economy 
may  be  effected  when  large  areas  of  timber  piers  have  to  be  dealt  with. 

One  feature  of  the  composite  pier  construction  has  been  omitted 
by  the  author,  apparently  owing  to  the  fact  that  sufficient  time  ha.s  not 
yet  elapsed  to  enable  the  requisite  experience  to  be  obtained.  The 
necessity  for  fairly  frequent  reconstruction  and  removal  of  piers,  or 
portions  of  them,  is  emphasized  in  the  paper,  but  it  is  evident  that 
the  demolition  of  a  reinforced  concrete  decking,  though  probably  less 
troublesome  than  the  removal  of  reinforced  concrete  piles  and  bracing, 


I'apfi-..  I    discission:   i'ii:i;  cons-i'fu'C'I'Ion  in  ni:\\  ^()l;K  ii  akijok    1(147 

is  still  a  considerably   heavitM-  and   more  expensive  undertakinj^:   than      Mr. 
the  removal  of  timber  decking-.     In  eases  where  there  is  much  chance 
of  alteration  of  arrangements  this  might  reduce  very  considerably  the 
economy  obtained  by  the  use  of  composite  piers.     The  writer  would 
be  glad  to  learn  whether  there  are  any  data  on  this  subject. 

Possibly  additional  economy  might  be  obtained  by  reducing  the 
deterioration  of  the  piles.  In  Table  3  it  will  be  seen  that  renewals  to 
piles  form  the  largest  item,  namely,  0.58%  per  annum.  It  ma.y  be 
presumed  that,  as  the  destructive  agency  of  marine  boring  insects  is 
absent,  the  main  deterioration  of  the  piles  is  the  decay  which  takes 
place  im  the  alternately  wet  and  dry  surfaces  between  the  extremes  of 
tidal  range.  It  might  be  worth  considering  whether  a  saving  could 
not  be  effected  by  casing  old  pil&s  in  concrete  for  a  sufficient  length 
to  i)revt'nt  further  decay.  A  casing  of  moulded  concrete  slabs,  suit- 
ably reinforced  and  filled  with  concrete,  can  be  fitted  around  a  pile  at 
very  little  cost,  and  is  sufficient  to  retard  almost  indefinitely  its 
deterioration.  This  method  has  proved  effective  in  a  number  of 
instances. 

Edwin  J.  Beugler,  M.  Am.  Soc.  C.  E.  (by  letter). — As  literature  Mr. 
on  pier  construction  at  American  ports  is  somewhat  limited,  and  engi-  ^"^  ®'' 
neers  are  frequently  in  the  dark  as  to  practice  at  the  larger  shipping 
centers,  this  paper  will  be  appreciated  by  those  having  to  do' with  tlie 
construction  or  maintenance  of  wharves  and  piers.  American  engi- 
neers have  been  criticized  frequently  for  the  adoption  of  what  appears 
to  be  a  temporary  expedient  in  the  way  of  shipping  facilities,  even 
at  the  larger  ports.  The  analysis  given  in  this  paper  will  explain  nuuiy 
of  the  questions  as  to  why  the  particular  type  of  pier  construction  com- 
monly used  in  New  York  Harbor  was  adopted. 

New  York  City  is  unique  in  regard  to  local  conditions  wliieh  favor 
the  use  of  timber  in  the  construction  of  piers.  Though  the  cost  of 
timber  has  been  advancing  from  year  to  year,  and  will  continue  to  do 
so  until  the  figure  reaches  a  iwint  where  other  materials  will  have  to 
be  used  from  an  economic  standpoint,  the  substitution  of  concrete  for 
the  deck  of  the  pier  has  enabled  the  cost  per  square  foot  to  be  kept 
within  the  limits  of  that  of  the  former  structure  built  entirely  of  wood. 
At  tlie  same  time  considerable  economy  has  undoubtedly  been  secured, 
as  far  as  maintenance  costs  are  concerned. 

It  seems  to  the  writer  that  still  further  economies  in  maintenance 
(•ost>  might  be  secured  by  the  use  of  creosoted  timber  piles  and  caps, 
in  oriler  to  avoid  the  renewal  of  the  upper  i)ortion  of  the  untreated 
piles  and  to  maintain  a  fairly  stiff  structure.  There  is  a  possibility 
that  bench-capping  throughout  the  structure  may  weaken  its  resistance 
to   impact  from   vessels   striking   the  pier.     Another   advantage   to  be 
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Mr.      secured  by  the  use  of  treated  timber  would  be  insurance  against  the 
Beugler.        , .  r 

action  01  sea  worms. 

Fortunately,  at  the  present  time,  New  York  is  surrounded  by  water, 
the  impurities  in  which  do  not  permit  the  Teredo  navalis  or  other 
sea  worms  to  exist.  Conditions  may  change,  however,  and,  in  the  East 
River  particularly,  much  harm  might  result  from  the  removal  of  sewage 
and  other  waste  which  keep  the  water  impure.  The  great  quantity 
of  fresh  water  existing  in  the  North  River  would  probably  make  the 
danger  from  worms  more  remote,  even  if  the  impurities  were  largely 
removed.  The  writer  believes  that  this  explains  why  timber  piles  are 
not  aifected  in  the  immediate  vicinity  of  New  York.  An  experience 
which  he  had  some  years  ago  on  railroad  construction  work  along  the 
Connecticut  shore  showed  that  yellow  pine  timber  could  not  be  kept 
intact  much  longer  than  one  year.  Certain  piling  was  removed  four- 
teen months  after  it  had  been  driven  and,  with  the  exception  of  a  core 
in  the  center  of  the  piles  about  4  in.  in  diameter,  was  found  to  be 
riddled  by  worms.  This  would  seem  to  show  that  but  for  the  impurities 
in  the  water,  the  same  thing  would  take  place  in  the  untreated  timber 
piers  in  New  York  Harbor. 

The  adoption  of  all-concrete  piers  is  probably  quite  remote  for  New 
York.  The  uncertainty  as  to  the  life  and  durability  of  plain  or  rein- 
forced concrete  piles  in  sea-water  makes  it  inadvisable  to  invest  a 
large  amount  of  capital  in  such  structures  until  their  durability  is 
proved  beyond  a  doubt.  At  the  present  time,  it  is  believed  that  if 
impermeable  concrete  can  be  secured,  there  will  be  little  or  no  ques- 
tion of  durability,  but  practically  it  is  almost  impossible  to  secure  this 
class  of  work.  The  question  of  rigidity  and  the  inability  of  a  concrete 
structure  to  withstand  shock  seems  to  be  a  serious  one,  but  not  unsur- 
mountable.  Some  of  the  concrete  piers  constructed  along  the  Pacific 
Coast  and  elsewhere  have  special  provision  for  absorbing  the  impact. 
One  scheme,  which  appears  to  have  worked  fairly  well,  consists  of  a 
number  of  steel  springs  quite  similar  to  those  used  in  freight  car  con- 
struction, placed  along  the  edge  of  the  deck,  with  a  long  distributing 
timber  instead  of  the  usual  fender  construction.  At  other  places  the 
concrete  construction  has  been  faced  with  a  line  of  spring  piles  ar- 
ranged so  that  the  piles  absorb  the  shock  before  the  bearing  comes 
directly  against  the  concrete  deck.  Even  with  the  timber  type  of  pier 
construction,  it  is  quite  necessary  to  secure  a  rigid  structure,  particularly 
where  the  pier  is  covered  by  a  permanent  superstructure  of  some  size. 

One  interesting  point  brought  out  by  the  author  is  the  develop- 
ment of  the  water-front  from  a  distinctly  business  standpoint,  that  is, 
on  the  basis  that  all  expenditures  for  improvements  shall  return  a 
reasonable  rate  of  interest  on  the  investment.  This  has  not  always 
been  the  rule  in  the  case  of  expenditures  for  public  works,  for  which 
funds  are  apparently  more  easily  secured  than  for  private  enterprises. 
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Harrison  S.  Taft,  Esq.  (by  letter). — Mr.  Staniford's  invitation  to  Mr. 
present  a  written  discussion  of  this  valuable  paper  is  accepted  by  the 
writer,  perhaps  with  a  little  hesitation,  as  he  feels  that  he  may  be 
"rushinji-  in  where  angels  fear  to  tread."  A  full  discussion  of  the  con- 
crete (lock  problem  would  be  so  extensive  and  would  lead  into  so  many 
phases  that  it  would  be  impossible  to  cover  the  subject  thoroughly  in 
a  single  article.  Mr.  Staniford  treats  of  only  one  special  phase  of  the 
problem.  For  several  years  the  writer  has  been  making  a  deep  research 
and  study  of  the  whole  subject,  not  only  as  developed  in  foreign  coun- 
tries, but  as  worked  out  thus  far  in  domestic  construction.  The  results 
of  this  research  are  being  compiled  into  a  rather  extensive  treatise 
or  paper  to  be  entitled  "Concrete  Docks,"  but  as  it  is  impossible  to 
make  the  entire  results  of  this  research  a  part  of  this  discussion,  the 
writer  will  state  simply  a  few  of  the  facts,  as  therein  recorded,  in  order 
to  bring  out  the  different  phases  of  the  subject. 

Those  who  have  studied  the  subject  are  no  doubt  aware  that 
the  first  and  most  important  question  that  confronts  the  engineer 
is  the  practicability  of  using  concrete  in  sea  water.  There  can 
be  no  denying  the  fact  that,  in  attempting  to  make  such  use  of  con- 
crete, there  have  been  many  disastrous  failures.  These  have  been  due 
not  as  much  to  the  design  of  the  structure  as  to  the  use  of  unsuitable 
material  and  improper  methods  of  placing  the  concrete,  on  which  too 
much  stress  cannot  be  laid. 

For  structures  in  sea  water,  the  whole  subject  reduces  to  the  im- 
portance of  obtaining  a  cement  which  possesses  the  inherent  property 
of  resisting  the  disintegration  due  to  the  chemical  action  of  magnesium, 
and  the  sulphate  contents  of  ocean  water,  on  the  alumina  compounds 
in  the  cement;  and  also  of  obtaining  an  impermeable  concrete  without 
the  use  of  any  of  the  so-called  water-proofing  compounds.  Such  a 
cement  must  be  low  in  alumina  and  high  in  silica;  it  should  be  of  a 
slow-hardening  but  quick-setting  type,  and  also  of  a  fine  pulverization, 
with  no  free  lime.  From  the  great  success  obtained  by  the  use  of 
foreign  cements  in  structures  placed  in  sea  water,  it  is  very  evident 
that  the  German  manufacturers  solved  this  important  question  long 
ago.  From  the  large  number  of  various  ideas  of  which  one  reads  in 
American  technical  papers,  it  would  appear  that  the  manufacture  of 
a  domestic  cement  suitable  for  use  in  sea-water  concrete  is  in  the 
embryonic  stage,  the  ideas  as  to  the  facts  of  the  question  being  almost 
as  numerous  as  the  different  brands  of  cement. 

Although  to  the  average  concrete  engineer  the  chemical  composi- 
tion and  physical  structure  of  the  stone,  sand,  and  gravel  for  use  in 
proposed  sea-water  concrete  structures  would  seem  to  be  of  minor  con- 
sequence, it  is  a  fact  that  such  questions  must  be  given  the  greatest 
consideration,  if  such  concrete  is  to  be  of  a  lasting  quality.  It  is  of 
the  utmost  importance  that  such  a  concrete  should  have  a  maximum 
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Mr.    density.      Thus    the    mechanical    combination    of   the   sand,   .stone,    or 
Taft 

■  g-ravel  should  be  known,  and  modified  to  suit  conditions  as  the  work 

progresses.     Far  better  results  will  be  obtained  by  using'  a  hard  trap 

rock  than  gravel. 

The  next  phase  of  the  subject  that  confronts  the  engineer  is  the 
design.  In  designing  a  new  type  of  structure  one  naturally  investigates 
first  what  others  have  done  along  similar  lines.  Generally  speaking, 
in  America  the  problem  is  in  a  very  early  stage,  as  it  is  only  natural 
that  a  forested  country  should  be  the  last  to  take  up  the  development 
of  concrete  docks.  When  the  extensive  reinforced  concrete  docks  in 
England,  France,  Spain,  and  other  European  countries  are  investigated, 
it  appears  that  this  class  of  construction  passed  the  experimental  stage 
long  ago.  Especially  is  this  so  in  England,  where  the  art  has  reached 
a  degree  of  perfection  far  in  advance  of  that  in  any  other  country; 
such  a  degree,  in  fact,  as  to  have  become  almost  a  standard  for  other 
parts  of  the  world.  A  review  of  the  English  concrete  docks  shows  that 
some  have  been  in  successful  operation  for  eighteen  years.  Their  main- 
tenance cost  is  reported  to  be  exceedingly  small.  In  France,  Spain, 
Italy,  South  America,  and  other  foreign  countries,  concrete  docks  are 
to  be  found,  and  their  number  is  increasing  rapidly.  It  is  to  be  re- 
gretted that  time  will  not  here  allow  a  detailed  discussion  of  such  an 
important  part  of  the  subject. 

After  the  engineer  has  satisfied  himself  as  to  what  has  been  done, 
the  question  of  his  own  design  stands  out  before  him.  There  is  no 
doubt  in  the  writer's  mind  that  the  average  concrete  engineer  is  per- 
fectly capable  of  designing  concrete  docks  of  one  type  or  another 
which  will  more  than  fulfill  the  requirements  for  which  they  are  in- 
tended; but,  in  making  this  design,  the  question  is,  what  will  be  the 
cost  of  the  dock?  Thus  the  design  problem  reduces  itself  to  a  ques- 
tion of  cost  and  the  cost  problem  to  a  question  of  reducing  to  a  mini- 
mum the  quantity  of  concrete,  reinforcement,  and  all  other  material, 
including  forms,  without  diminishing  the  strength  of  the  structure. 
This  should  give  an  arrangement  of  beams,  slabs,  or  otherwise,  which 
will  result  in  a  most  economical  and  practical  method  of  construction. 

It  is  unnecessary  to  impress  on  the  members  of  tbis  Society 
the  fact  that  the  cost  of  the  design  for  a  structure  is  but  little 
in  comparison  with  that  of  the  material  that  goes  into  it  and  the 
necessary  labor  incident  to  its  construction.  As  an  axiom,  the  most 
economical  form  of  concrete  construction  is  manifestly  that  in  which 
all  secondary  stresses  are  reduced  to  a  minimum  and  all  material  is 
performing  its  utmost  duty. 

The  next  phase  is,  what  type  of  construction  shjill  be  atl<»!)tt'd  for 
the  concrete  dock,  in  order  to  comply  with  the  foregoing  truisms? 
Shall  the  dock  engineer  recommend  a  full,  out-and-out,  reinforced 
concrete  and   structural  steel  dock,   as  worked   out  at   San   Francisco 
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niul  Inter  adopted  by  the  United  States  Governineiit  for  its  coiuM-ete  Mr. 
docks  in  the  Philippines  and  Pug:et  Sound  Navy  Yard?  Or  shall  he 
recommend  a  driven  concrete  pile  with  concrete  beam  and  slab-deck 
type  of  construction,  so  connnon  in  foreign  countries  and  also  found 
among  American  concrete  docks  to  quite  a  large  extents  On  the  other 
hand,  he  has  the  option  of  proposing  a  semi-concrete  dock  of  cither 
of  two  types:  (1),  wooden  piling,  plain,  creosoted,  or  concrete  pro- 
tected, with  a  concrete  deck;  (2),  reinforced  concrete  driven  piles  with 
a  wooden  decking.  Kight  here  Xature  introduces  another  difficulty — 
the  destructive  teredo  and  other  marine  borers. 

In  fresh  water  it  is  perfectly  feasible  to  adopt  untreated  \v<joden 
piles,  with  a  concrete  deck.  In  New  York  Harbor,  as  Mr.  Staniford 
cites,  this  type  of  construction  can  be  made  a  success  because  the 
sewage  is  destructive  of  the  teredo  in  such  waters;  but,  in  the  waters 
of  the  South  Atlantic  States,  the  GuLf  States,  the  Caribbean  Sea,  and 
tiie  whole  Pacific  Coast,  conditions  are  met  which  have  to  be  over- 
come by  a  difiFerent  type  of  construction  from  that  worked  (mt  so 
ingeniously  under  the  author's  supervision. 

Another  side  of  the  subject  is  the  comparison  of  wooden  witli  con- 
crete piles,  with  reference  to  load-carrying  as  well  as  cost  and  longevity. 
As  a  concrete  pile  will  carry  approximately  three  times  as  great  a  load 
as  a  wooden  pile,  and,  under  favorable  conditions,  can  be  put  in  place 
for  about  three  times  the  cost  of  a  creosoted  wooden  pile,  would  it 
not  appear,  in  view  of  the  possible  long  life  of  a  concrete  pile  in  sea 
water,  that  a  semi-concrete  dock — concrete  piling  and  wooden  decking — 
can  be  built  at  a  reasonable  cost  comi)ared  with  an  out-and-out  wooden 
dock?  In  other  words,  in  teredo-infested  waters,  where  a  wooden  i)ile 
<l(x«k  has  a  life  of  about  15  years,  a  concrete  pile  dock  will  last,  sup- 
posedly, for  a  whole  generation,  if  not  longer. 

Though  the  chemical  and  engineering  sides  of  the  problem  have 
their  weight,  the  most  important  phase  of  the  subject,  in  the  final 
amdysis,  is  finance.  When  a  careful  analysis  of  the  relative  value  of 
initial  cost,  annual  depreciation,  fire  insurance,  bond  issues,  interest 
on  bonds,  and  sinking  funds  is  considered,  the  results  are  such  as  to 
astonish  even  those  who  perhaps  nuiy  be  well  posted  on  other  i)hases 
of  the  subject.  Such  an  analysis  will  show  that,  whereas  a  wooden 
dock  appears  to  be  a  most  economical  type  with  which  to  start,  it  soon 
becomes  an  expensive  structure  to  keep  in  condition  and  cany  all 
the  overhead  charges,  especially  if  such  a  dock  is  built  on  a  bond  issue, 
tlie  life  of  which  exceeds  the  life  of  the  do<-k.  thus  resulting  in  an 
overlapping  bond  issue  in  case  the  dock  is  rebuilt.  The  evils  attac-hed 
to  such  systems  of  financiering  have  been  brought  home  most  forcibly 
in  connection  with  former  paving  w(5rk  in  New  York  City  streets  and 
with  other  public  improvements.  Until  harbor  development  experts 
fully  master  the   ins   and  outs  of   the   financial  side   of   the  ci>ii<rete 
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Mr.  versus  wooden  dock  problem,  they  have  another  step  to  take  in  per- 
fecting themselves  in  their  special  line  of  work. 

Perhaps  the  most  interesting  phase  of  the  subject,  as  the  writer 
looks  at  it,  is  the  construction.  As  Mr.  Staniford  has  dealt  entirely 
with  the  designing  side  of  the  problem,  the  writer  does  not  feel  at  lib- 
erty to  go  into  this  phase  of  the  question.  It  is  one  in  which  no  doubt 
many  engineers  are  deeply  interested. 

With  this  general  review  of  the  whole  concrete  dock  problem  before 
him,  it  was  with  deep  interest  that  the  writer  read  Mr.  Staniford's 
paper  and  studied  the  standard  type  of  construction  his  department 
has  evolved  from  the  old-fashioned  wooden  pile,  wooden  deck  docks, 
a  process  of  true  elimination,  with  each  step  tested  carefully  before 
taking  the  next  one.  As  the  author  states  that  twenty-six  such  piers 
have  been  built  during  the  last  7  years,  and  adds  that  they  have  behaved 
admirably,  it  leaves  only  a  small  loop-hole  for  injecting  any  adverse 
criticisms  of  a  first-hand  nature,  as  it  was  during  the  later  stages  of 
the  construction  period  of  the  Chelsea  piers  that  the  writer  had  an 
opportunity  of  witnessing  dock  work  in  New  York  City,  although  previ- 
ous to  that  time  he  had  been  a  resident  of  New  York  and  vicinity  for 
about  10  years. 

In  studying  the  author's  design,  the  writer  could  not  help  com- 
paring it  with  the  so-called  Cattle  Dock  at  Liverpool,  constructed  of 
wooden  piles  and  wooden  bracing,  but  with  a  concrete  beam  and  slab 
decking.  As  Mr,  Staniford  states  that  his  type  of  semi-concrete  dock 
has  not  been  generally  adopted  by  other  ports,  it  would  seem  that  dock 
engineers  hesitate  to  build  a  permanent  structure  on  a  more  or  less 
temporary  foundation,  especially  temporary  in  teredo-infested  waters, 
in  spite  of  the  many  excellent  qualities  claimed  for  this  type,  as  re- 
spects the  Port  of  New  York. 

When  the  life  of  a  wooden  structure  below  the  high-water  line  is 
not  endangered  by  wood-borers,  it  is  quite  true  that  a  wooden-pile, 
concrete-deck  dock  can  be  built  for  a  most  economical  figure;  but, 
how  many  of  our  important  harbors  are  free  from  the  wood-boring 
pest?  It  would  be  of  interest  to  know  the  probable  cost  of  Mr.  Stani- 
ford's type  of  dock  if  the  wooden  part  of  the  structure  were  replaced 
with  concrete  piles  and  if  a  concrete  cap  were  used. 

A  feature  in  Mr.  Staniford's  illustration  that  attracted  the  writer's 
attention  was  the  thickness  of  the  concrete  deck-slab,  as,  in  general, 
it  appears  to  be  so  nearly  that  of  a  well-known  flat  slab  system.  On 
the  principle  that  a  dock  is  a  structure  carrying  heavy  floor  loads,  it 
is  essential  to  adopt  a  substantial  type  of  construction.  Still,  the 
writer  would  like  to  ask  the  author  whether  it  would  not  be  possi- 
ble to  make  his  dock  still  more  ecfonomical  and  just  as  strong  by  using 
a  shallow  type  of  beam  with  a  wider  bent  spacing,  on  the  lines  of  the 
so-called   "Floretyle   construction,"   thus  bringing  the  design   into   ac- 
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cord    with    the    truisms    and    axioms    previouslv   stated?      Or   does   ho   Mr. 

■  Taft 

depend    on    his    heavy    concrete    floor   slab    to    obtain    sufficient    mass 

in   his   dock   to   help   resist   the   lateral   thrust  from   large   steamships 

lying   alongside?     Not  that  the  writer   has   any   connection   with  the 

"Floretyle   construction,"   but   he   is   deeply    interested   in   finding  the 

irreatest  number  of  ways  to  reduce  to  a  minimum  the  material  needed 

in  a  concrete  dock  without  decreasing  its  strength. 

Another  question :  Would  it  not  be  possible  to  design  a  concrete 
pile  dock  with  concrete  caps  and  a  shallow  beam  decking  which  would 
prove  to  be  fully  as  economical  as  that  shown  on  Plate  LXXII,  when 
such  questions  as  depreciation,  fire  insurance,  taxes,  interest  on  invest- 
ment, etc..  are  taken  into  consideration  ? 

At  first  it  would  appear  that  the  tj-pe  of  docks  shown  on  Plate 
LXXII  was  lacking  in  cross-bracing,  and  that  the  lateral  forces  from 
the  pounding  of  vessels  would  crack  the  concrete  deck.  As  Mr.  Stani- 
ford  states  that  no  cracks  or  other  imperfections  have  as  yet  appeared, 
perhaps  the  heavy  lOi-in.  slab  acts  in  such  a  way  as  to  distribute  any 
local  lateral  forces  over  a  wide  area.  Still,  the  writer  would  be  inter- 
ested in  seeing  the  results  if  one  of  the  South  Brooklyn  docks  were 
accidentally  rammed  by  a  steamer  moving  under  one  bell. 

Mr.  Staniford  speaks  of  the  objectionable  feature  of  the  rigidity 
ill  a  complete  concrete  structure.  If  concrete  possesses  no  elasticity, 
liow  does  the  flexibility  of  his  wooden  piles  prevent  the  concrete  deck 
from  cracking  under  the  force  of  a  lateral  blow  from  a  vessel?  As 
the  author  shows  only  a  short  length  of  piling  on  Plate  LXXII, 
he  gives  no  idea  as  to  the  depth  of  the  water  in  which  these  semi- 
concrete  docks  are  built,  whether  in  shallow  depth,  with  short  unsup- 
jiortod  lengths  of  piling  and  the  slip  dredged  out,  or  whether  the  depth 
is  uniform,  such  as  20,  30,  40,  60,  70,  or  even  90  ft.,  as  in  Seattle 
Harbor,  and  that,  too,  within  700  ft.  of  the  bulkhead  line.  Such 
excessive  depth  might  not  give  a  dock  of  this  type  the  same  rigidity 
as  obtained  in  the  shallower  harbors  of  the  Atlantic  Coast.  Thus  it 
might  not  be  suitable  for  deep  harbors. 

Table  1  contains  data  of  great  value;  it  is  the  only  statement  of  its 
kind  the  writer  has  found  in  his  prolonged  research.  It  would  appear 
from  this  table  that  the  average  annual  cost  of  maintenance  and  re- 
pairs for  New  York  City  docks  is  about  11%  of  their  total  cost.  In 
Puget  Sound  waters,  the  annual  depreciation  of  a  creosoted  pile  dock 
is  fixed  by  the  valuation  experts  at  10%  of  its  initial  cost.  In  fresh 
water  a  depreciation  of  5%  is  quoted.  As  good  merchantable  dock 
timber  can  be  had,  f.  o.  b.  site,  in  Seattle  for  about  $l.'i  or  $10  per 
thou.sand,  with  cement  in  carload  lots  at  $2  per  bbl.  at  the  site,  a 
comparison  of  cost  of  an  Eastern  dock  with  a  lumber  dock  built  in 
Puget  Sound  waters  is  perhaps  not  exactly  equitable.  Again,  New 
York  docks  do  not  need  concrete  or  treated  piles  as  do  those  in  Puget 
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Mr.  Sound.  As  the  prices  per  square  foot  quoted  by  Mr.  Staniford  for  the 
two  South  Brooklyn  docks  are  practically  the  same  as  it  is  costing 
to  build  the  new  public  docks  (wooden  creosoted  piling  and  complete 
wooden  decking)  of  Seattle  for  deep-draft  ships,  in  view  of  the  longev- 
ity of  the  New  York  type  of  concrete  docks,  the  comparison  is  striking. 
It  is  the  more  remarkable  because  the  under-water  part  of  the  South 
Brooklyn  dock  will  last  many  decades  longer  than  will  the  creosoted 
piles  driven  in  the  Puget  Sound  and  other  teredo-infested  harbors. 
Mr.  Staniford  states : 

''The  attempt  at  absolute  permanency  *  *  *  has  generally  resulted 
in  prohibitive  first  cost,  when  considered  as  a  business  proposition 
requiring  interest  on  the  capital  invested." 

He  also  says: 

''It  has  resulted,  in  some  instances,  in  absolutely  permanent  struc- 
tures at  such  great  expense  that  remunerative  return  on  the  capital 
invested  is  highly  improbable,  if  not  impossible;  in  other  words,  the 
benefits  derived  are  l)eing  consummated  nt  too  great  a  cost,  even  when 
considered  from  the  point  of  view  of  'indirect  revenue'." 

It  is  perhaps  true  that  when  attempts  have  been  made  at  absolute 
permanency  at  other  ports  than  New  York,  the  general  result  has  been 
an  excessive  and  perhaps  prohibitive  first  cost,  prohibitive  in  the  past, 
except  in  our  largest  seaports.  Still,  full  concrete  docks  have  been 
built,  and  are  still  being  built  in  some  of  our  larger  Pacific  ports,  as 
well  as  very  extensively  in  foreign  countries;  but,  what  of  the  future? 
Has  the  concrete  engineer  reached  the  maximum  economy  in  concrete 
dock  design?  If  so,  Mr.  Staniford's  statement  can  perhaps  stand  un- 
challenged. On  this  one  point,  if  on  no  other,  the  writer  desires  to 
cross  swords  with  the  author  of  this  valuable  paper.  It  is  a  question 
which  has  been  discussed  frequently  in  the  technical  press  of  late,  but 
all  that  discussion  seems  to  be  in  connection  with  present  and  ordinary 
types  of  construction,  and  not  along  new  lines  of  design — still  trying 
to  obtain  economy  by  improving  the  reciprocating  engine  rather  than 
by  adopting  the  rotary  type. 

The  writer  does  not  wish  to  inject  into  this  discussion  anything 
that  would  detract  from  the  interest  and  value  of  this  paper;  but,  in 
compliance  with  a  suggestion  by  Mr.  Staniford,  he  submits  some  illus- 
trations, indicating  a  method  whereby  it  would  appear  that  the  maxi-i 
mum  economy  has  not  yet  been  reached  in  the  author's  design.  An 
attempt  will  also  be  made  to  convince  Mr.  Staniford  of  the  possibility 
of  building  a  full  concrete  dock,  the  first  cost  of  which  will  not  be 
prohibitive.  This  will  be  done,  not  by  filing  a  large  number  of  plans 
covering  various  designs  for  concrete  docks,  but  by  submitting  just 
one  design  wherein  the  quantity  of  material  has  been  reduced  to  a 
minimum  without  any  reduction  in  strength,  as  mentioned  previously. 
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The  most  ordinary  type  of  concrete  construction  is  the  well-known  Mr. 
liciun-slab  system.  In  such  a  system  the  load  on  tlic  floor  is  carried 
to  the  beams  and  thence  to  the  supports.  Tlic  uinu  r  tlirce-cighths  (ap- 
pniximately)  of  a  concrete  beam  is  in  coraprcssiuii,  the  lower  five-eighths 
( :iI)proximately)  in  tension.  In  designing  reinforced  structures,  no 
Mccount  is  ever  taken  of  the  tensile  strength  of  concrete,  the  primary 
function  of  this  material  being  to  resist  compressive  and  shear  stresses. 
Steel  is  inserted  to  take  up  the  tensile  stresses.  The  concrete  below 
the  neutral  axis  is  useful  only  as  a  means  of  holding  the  steel  in  posi- 
tion and  making  it  act  through  shear.  Tluis  it  is  apparent  that  more 
than  one-half  of  the  concrete  in  a  beam  is  not  utilized  economically 
to  its  full  capacity,  and  is  therefore  a  considerable  extra  burden  to  the 
structure,  resulting  in  an  increased  cost  for  material,  forms,  and  sup- 
ports. This  waste  becomes  greater  with  increased  spans  and  under 
lieavy  loading,  especially  over  a  water  surface  where  expensive  means  of 
form  supports  are  generally  recjuired. 

During  the  past  years  a  number  of  flat-slab  types  of  construction 
have  been  brought  out,  all  generic  of  the  first  idea,  the  so-called  mush- 
room system;  some  of  them  are  nothing  more  nor  less  than  a  shallow- 
beam  system  masquerading  under  the  name  of  flat  slab.  From  reliable 
data  furnished  the  writer,  the  thickness  of  the  deck  slab  of  these  special 
types  is  so  great  as  practically  to  counterbalance  any  material  saving 
over  a  beam  system,  and  it  is  an  open  question  whether  there  is  an 
actual  cash  saving  in  adopting  such  flat-slab  systems. 

Even  if  more  economical,  are  these  various  flat-slab  systems  suited 
to  dock  work  and  the  heavy  lateral  thrust  that  the  docks  have  to  stand? 
It'  not.  is  it  possible  to  produce  a  new  genera  of  concrete  construction, 
either  of  a  beam,  a  flat  slab,  or  other  type  that  will  stand  in  a  class 
by  itself  and  be  suitable  for  dock  work  as  well  as  for  other  heavy 
tyi)es  of  reinforced  concrete  construction '.  The  writer's  answer  to  the 
(piestion  is  shown  by  Figs.  7,  8,  and  U.  of  which  only  a  brief  description 
will  be  given  at  the  present  time.  This  system  consists  of  large  ex- 
]iiinded  hollow  heads  placed  at  the  top  of  ordinarv^  solid  or  hollow 
rolumn<.  The  heads  are  of  a  conical  or  pyramidal  shape,  with  a  center 
post  and  diapliragins.  Resting  on  the  upper  rim  of  the  heads  is  the 
tint  deck  slab,  sufficiently  reinforced  by  non-trus.sed  bars  running  diago- 
nally, longitudinally,  and  crosswise,  as  may  be  necessarv.  The  center 
post,  the  deck  slab  and  tlie  flaring  sides  of  the  heads  form  a  jierfect 
truss,  integrated  com])letely  around  the  axis  of  the  column.  Ilir  heads 
-hould  be  jioured  some  days  in  advance  of  the  slab,  the  slab  being 
lioured  after  the  heads  have  become  well  liardened.  The  necessity  of 
liiiHliii!.;  tlie  heads  and  the  deck  slab  securely  together  will  depend 
on  tlie  purpose  of  the  structure,  that  is.  whether  it  is  to  carry  direct 
vertical  loads  only,  or  to  absorb  lateral  shock  in  addition  to  a  vertical 
load,  as  in  dock  work. 


1656  DISCUSSION :  pier  construction  in  new  york  harbor   [Papers. 


PROPOSED  CONCRETE  VIADUCT 

CONCRET-E  DOCK  AND  VIADUCT  COMPANY 
SEATTLE,  WASH. 

Fig.  7. 


PROPOSED  CONCRETE  DOCK 

CONCRETE  DOCK  AND  VIADUCT  COMPANY 
SEATTLE,  WASH. 


Fig.  8. 
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Tho  heads  niav  be  likened  to  spread  foundation  work,  made  liollow   Mr. 

Taft. 
and  turned  upside  down,  or  the  well-known  household  tin  funnel  rest- 

iug  ou   a   firm   foundation   and  supporting   a   slab   or  platform   on   its 

upper  rim.     The  deck  loads  are  supported  by  the  expanded  heads  and 

transmitted  through  them  to  the  columns  and  distributed  on  the  piling 

or  hard  substratum  by  the  enlarged  base  at  the  foot  of  each  column. 

This  system  does  away  with  all  the  tension  concrete  below  the  neu- 
tral axis  of  a  beam  system.  The  flaring  sides  of  the  heads  are  in  direct 
compression  and  shear.  Thus  all  the  concrete  in  the  heads  acts  di- 
rectly in  taking  up  the  stresses  due  to  the  superimposed  load. 

This  system  not  only  reduces  to  the  absolute  minimum  the  quantity 
of  concrete  needed,  but  also  does  away  with  trussed  steel.  This  results 
in  a  structure  far  more  economical  than  an  nut-and-out  beam  and  slab 
system  carrying  heavy  loads. 

To  absorb  the  lateral  thrust  on  the  dock,  a  suitable  system  of 
bracing  of  one  type  or  another  is  provided,  as  shown.  There  is  also 
a  system  of  fender  piles  with  their  rebuffer  springs,  the  lower  spring 
supposedly  absorbing  the  larger  part  of  the  lateral  pounding  and  trans- 
mitting it  directly  to  the  bracing  without  any  rocking  of  the  heads. 

Just  a  few  words  regarding  the  quantity  of  concrete  in  such  a  sys- 
tem as  compared  with  that  in  a  beam  and  slab  type,  as  the  cost  of  a 
structure  depends  to  a  large  extent  on  the  quantity  of  material  that 
goes  into  it:  A  reliable  estimate  of  the  quantity  of  concrete  in  one 
of  these  special  structures  indicates  a  possible  saving  of  more  than 
20%  over  a  standard  beam  system.  Hence,  about  the  same  saving 
in  cost  would  be  expected. 

In  order  to  obtain  an  unbiased  opinion  on  this  special  type  of  con- 
struction, the  writer  engaged  H.  F.  Tucker,  Assoc.  M.  Am.  Soc.  C.  E., 
a  sjx'cialist  in  reinforced  concrete,  to  investigate  this  design  thoroughly 
in  all  it.^  many  and  unusual  phases. 

Keferrjng  to  Fig.  9 :  The  structure  is  designed  for  a  uniform  live 
load  of  1  000  lb.  per  sq.  ft.  over  the  whole  panel  as  compared  with 
500  lb.  per  sq.  ft.  for  the  author's  structure.  A  careful  estimate 
will  show  that  the  quantity  of  concrete  in  this  special  structure  for  a 
20  by  20-ft.  panel,  exclusive  of  the  column  part  below  the  head,  is  practi- 
cally 13  cu.  yd.  The  quantity  of  concrete  in  Mr.  Staniford's  structure 
for  the  20  by  20-ft.,  lO^-in.  slab  is  the  .same.  Inasmuch  as  the  tentative 
design  is  for  a  direct  vertical  load  of  1  000  lb.  per  sq.  ft.,  perhaps  it 
is  not  an  equitable  comparison;  but.  in  a  similar  design  for  only  500  lb. 
per  sq.  ft.,  the  saving  in  concrete  would  be  sufficient  to  cover  the  cost 
of  providing  sufficient  bracing  against  lateral  forces.  Thus  this  type 
of  construction  compares  most  favorably  with  the  author's  design. 
As  the  depth  of  the  head  is  practically  equal  to  the  freeboard  of  New 
York  City  docks,  by  placing  the  expanded  head  on  a  cluster  of  piles, 
it  would  appear  that  such  a  semi-concrete  dock  could  be  built  at  the 
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t^aine,    if    not    at    a    less,    cost    than     Mr.    Staiiilnnl—    l.v|)('.    and    would    Mr. 
eliiniiiatt'  llic  repair  work  betwocii   tliv  deck  and  hi^li   lidc  in   his  type  ^*^''' 
of  dock,  whicli  he  states  is  necessary.     With  such  a  cunipari.sdu   a-  iliis, 
would    it    not    seem    that    the    autlior"s    remark    ahout    jirdhihitive    first 
cost  is  open  to  discussion,  and  that  a  permaueut  full  cnncrctc  dock  will 
not  be  prohibitive  in  first  cost  if  built  on  this  spi'cial  dcsiiin  '. 

From  the  prolonged  study  which  the  writer  and  Mr.  Tuckir  liave 
made  of  this  new  type  of  construction,  they  feel  that  the  quantity  of 
material  required  has  been  reduced  to  a  minimum,  without  any  reduc- 
tion in  strength,  and  that  a  dock  liaving  this  type  of  deck  construction 
will  prove  to  be  most  economical  in  first  cost,  and  still  more  economical 
in  maintenance  when  compared  with  one  of  wood. 
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J.  Shirley  Eaton,  Esq.  (by  letter). — Mr.  Wilgus'  paper  is  com-  Mr. 
prehensive  and  critical,  and  is  probably  the  most  succinct  statement  of  '^^^' 
the  problem  which  has  been  made.  Its  distinctive  value  lies  in  its 
emphasis  on  the  indirect  elements  of  cost  of  reproduction,  which  are 
the  inseparable  incidents  of  any  actual  work.  Amateurish  valuation 
fails  at  this  point:  It  tends  to  limit  its  scope  to  the  inventory  of 
physical  things  at  physical  measurements  at  time  of  valuation,  ex- 
tending the  parts  inventoried  at  arbitrary  unit  prices.  The  prac- 
tical engineer  understands  the  necessitj-  of  large  allowances  for  con- 
tingencies, for  errors  of  judgment,  and  for  changes  of  detail  in  the 
course  of  construction.  Each  section  of  road  built  involves  its  special 
risks  and  adjustment  to  local  conditions.  From  the  standpoint  of 
personal  experience  the  writer  would  reproduce  a  railroad  property, 
carrj'ing  it  through  all  the  stages  of  an  actual  construction  under 
usual  conditions.  Not  only  would  he  include  supervision,  accidents, 
taxes,  and  administrative  expense,  but  he  would  make  provision  for  the 
costs  of  capital  that  must  be  held  in  suspense  during  the  period  of 
construction,  and  also  for  the  necessary  working  capital. 

In  assigning  the  work  of  valuation  by  geographical  divisions,  under 
consulting  expert  supervision  for  right  of  way,  signals,  and  special 
construction,  the  author  keeps  his  controlling  factors  in  co-ordination, 
and  gives  due  weight  to  local  conditions.  In  predicating  an  assumed 
interest  rate  of  6%  on  an  allowance  composed  half  of  stock  and  half 
of  bond  financing,  he  ignores  the  fact  that  many  railroads  are  financed 
on  bond  issues  alone.  '         

*  Continued  from  August,  1013.  Proceedings. 
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Mr.  A   distinction   between   valuations   according-  to  the  purpose   which 

■  they  are  intended  to  serve,  is  unfortunate.  A  "valuation''  should 
always  be  complete  and  the  same  thing,  having  reference  to  that 
entity  which  is  defined  by  the  operating  income.  The  law  is  properly 
criticized  in  its  provision  for  a  valuation  less  depreciation.  A  rail- 
road, as  this  paper  so  well  emphasizes,  is  not  an  aggregate  of  parts, 
but  an  organism  of  parts,  progressively  integrated  and  evolved  into 
a  homogeneous  whole  to  produce  an  operating  income.  The  physical 
parts  have  two  factors  of  efficiency  which,  as  capital,  must  be  main- 
tained unimpaired,  namely,  what  may  be  called  the  current  efficiency 
and  the  life  efficiency.  Every  year  of  use  exhausts  a  year  of  the  life 
efficiency,  and  so  far  reduces  the  capital  value  of  the  original  plant. 
Income  account,  through  which  are  made  the  adjustments  to  maintain 
capital  unimpaired,  rnu.st  bear  the  charge  of  accumulating  the  off- 
setting reserves  from  which  this  reduction  of  life  efficiencies  is  restored 
later.  Otherwise,  the  net  earnings  are  overstated  to  the  extent  that 
they  have  not  made  allowance  for  dissolution  of  the  plant.  In  theory, 
a  net  earning  figure  can  reproduce  itself  indefinitely  out  of  the  exist- 
ing plant.  A  plant  from  which  depreciation  has  been  deducted  will 
not  permit  of  the  indefinite  reproduction  of  existing  earnings,  and  a 
valuation  based  on  original  cost  less  depreciation,  therefore,  does  not 
represent  the  necessary  capital  involved  for  the  continuation  of  operat- 
ing income. 

The  author  touches  lightly  on  the  mooted  question  of  including 
unearned  increment  in  valuation,  although  this  is  the  storm  center 
about  which  most  of  the  controversies  will  arise.  In  the  same  category 
with  unearned  increment  are  those  values  in  the  physical  property 
representing  donations  by  the  community,  state,  or  nation,  and  the 
reinvested  surplus  out  of  questionably  excessive  earnings  of  earlier 
years.  Nor  does  he  touch  on  another  point  sometimes  urged — the 
practice  of  carrying  the  unearned  increment  through  income  account 
instead  of  through  profit  and  loss,  and  thus  establishing  a  rate  of  return 
tha.t  shall  reflect  back  on  the  capitalization  permitted,  which  practice 
would  be  distinctly  wrong.  We  are  at  a  time  when  principles  of  private 
property  in  a  simple  economic  society  are  being  complicated  by  the 
intrusion  of  vast  values  which  are  the  direct  result  of  social  produc- 
tion. The  analytic  methods  of  latter-day  bookkeeping  are  tending  to 
distinguish  these  values  from  those  created  by  individual  enterprise 
and  effort,  and  to  relate  them  to  the  sources  from  which  they  spring. 
The  problem  of  how  to  make  this  distinction  and  how  far  to  carry  it, 
becomes  a  critical  and  real  issue  with  railroad  property  first,  only 
because  here  are  gathered,  in  orderly  array,  vast  aggregates  of  i)rop- 
erty  to  which  formulas  are  more  easily  applied  than  to  the  miscel- 
laneous array  of  property  held  privately.     We  are  not  ready  to  believe 
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tliciii  ail   exception   in   this   particular,  but   the  (picstion   that   is  raised 

tirst  in  this  connection  will  doubtless  be  extended   in  time  to  include 

privately  held  properties  as  well  as  those  devoted  to  public  utility. 

One  general  criticism  of  this  paper,  which  applies  to  all  treatments 

of   this   subject,   is   the   author's   indisposition   to   strike   at   the  social 

l)riiiciplos  involved  and  his  inclination  to  limit  the  discussion  to  terms 

and    concrete   phases.      The    law    is    not    an    illuminating   guide.      The 

l)riiiciplcs   of  valuation   are   not  yet  stated  or  known,   and  while  they 

will  be  evolved  inductively  in  the  concrete  studies  which  the  practical 

application  of  the  law  imposes,  nevertheless,  it  would  be  advautagetnis, 

in   discussing  the  matter,  to  have  a  leading  thinker  like    Mr.   Wilgus 

intimate  the  larger  social  consequences  of  the  undertaking.     With  these 

wider   aspects   before   us,   in   meeting   the   miscellaneous   questions   as 

they  arise,  there  will  be  built  up,  not  only  a  practical  plan  of  valuing 

railroads,  but  a  body  of  experience  out  of  which  will  emerge  a  restate- 

iiiciit  and  a  more  specific  definition  of  property. 

(".  r.  Howard,  M.  Am.  Soc.  C.  E.   (by  letter).— In  the  text  of  the      Mr. 
so-called  "Federal  Physical  Valuation"  law,  the  word  "physical"  occurs      ^ 
unce  in  connection  with  classification  of  property.     It  also  occurs  once 
in   a  marginal   subheading.      The  law,  however,   provides   for    a   com- 
plete valuation,  including  "other  values,  and  elements  of  value,  if  any," 
and  the  "present  value"  of  "all  lands,  rights-of-way  and  terminals." 

In  this  connection,  the  writer  desires  to  call  special  attention  to  the 
subject  of  land  values;  to  certain  important  elements  which  affect 
such  values;  to  other  elements  of  great  importance  which  affect  them 
from  a  railway  standpoint;  and,  ver>'  briefly,  to  the  question  of  whether 
these  latter  should  be  considered  as  "land"  or  "intangible"  values. 

A  mere  statement  of  facts  as  to  the  existence  and  importance  of 
some  of  these  elements  might  appear  sufficient,  and  any  argument  on 
the  subject  as  an  attempt  to  demonstrate  self-evident  truths;  never- 
theless, in  view  of  a  recent  Court  decision,  a  thorduph  consideration 
of  the  subject  would  seem  to  be  in  order. 

Su(j(jesled  Definitiun  of  Value. — What  is  the  value  of  a  piece  of 
prnperty  ^  The  following  definition  is  suggested  :  "'riie  \alue  dr  market 
value  (if  a  proi»erty  is  its  greatest  actual  value  iov  any  lawful  purpose 
for  which  it  may  be  used  and  for  which  there  is  a  demand." 

A  piece  of  ground  may  have  no  value  for  industrial  or  agriciiltmal 
inirposes,  but  it  may  have  a  high  value  as  a  residential  site.  Annther 
tract  may  be  valuable  as  a  site  f(jr  a  wharf,  railway  terminal,  or  some- 
thing else.  Its  highest  value  governs;  or,  if  it  has  value  for  more  than 
one  purpose  and  can  he  used  simultaneously  fnr  both,  the  sum  of  the 
values  will  govern — for  instance,  fertile  laniiin^:  land  underlaid  by  a 
coal  vein. 
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Mr.  Cost  of  Right  of  Way. — Mr.  Wilgris  calls  attention  to  the  items  oJ 

■  "severance  and  other  damages,  plottage,  etc." 

A  narrow  strip  of  land  laid  oflf  across  the  country  without  regard 
to  existing  boundary  lines  cannot  be  purchased  at  the  price  obtaining 
for  ordinary  farm  lands.  As  a  general  proposition  nobody  would  sel' 
such  a  strip,  splitting  his  farm  in  two,  for  anything  like  the  price 
per  acre  which  would  apply  to  the  farm  as  a  whole.  Considered  as  ar 
article  of  commerce  it  costs  more  to  produce  it.  To  the  ordinary  price 
for  land  must  be  added  the  depreciation  in  value  of  the  remaining 
land,  due  to  separation  of  parts  and  other  damages.  The  Courts  recog' 
nize  this  in  provisions  for  damage  to  the  residue.  The  law  does  no1 
allow  any  general  increase  of  land  values  to  offset  "damages  to  the 
residue";  if  it  did,  the  man  with  a  farm  near  the  railroad,  but  no1 
touched  by  it,  would  receive  the  full  benefit,  and  have  an  unfair  ad 
vantage  over  his  neighbor  who  would  have  such  increase  deducted  fron 
his  land  damages.  An  increase  in  price,  therefore,  is  lawful,  just 
and  customary. 

When  a  railroad  is  needed,  and  such  a  strip  is  judiciously  located 
the  demand  for  the  property  is  imperative,  even  at  such  increasec 
price. 

Its  increased  value  is  due  to  its  shape,  position,  continuity,  etc. 
elements  quite  different  and  distinct  from  its  original  value  for  farm- 
ing or  other  purposes,  and  having  little  relation  thereto. 

Continuity. — The  continuity  of  a  railway  right  of  way  is  undoubt- 
edly  a  most  important  element  of  its  value.  A  right  of  way  along  £ 
mountain  stream  might  be  extremely  valuable  for  railway  purposes  \i 
continuous;  but  if  it  is  blocked  by  some  impassable  obstruction  at  one 
point,  it  would  have  no  value  whatever.    This,  of  course,  is  self-evident 

Value  for  Railway  Purposes. — Railroad  companies  have  fought  eacl 
other  "tooth  and  toe-nail"  for  gaps  and  passes  through  the  mountains 
and  elsewhere.  In  these  cases  the  value  for  a  lawful  purpose  and  the 
active  demand  for  same  are  perfectly  evident.  Among  a  number  oi 
contests  of  this  sort,  which  have  come  under  the  writer's  observation, 
the  following  instance  may  be  cited : 

Two  railroad  companies  'located  their  lines  through  a  gap  in  the 
mountains.  A  bought  the  right  of  way.  B  claimed  prior  location  and 
sought  to  condemn.  The  lower  Court  decided  for  B,  and  testimony 
was  taken  as  to  the  value  of  the  land.  An  engineer  for  A,  questionec] 
as  to  its  market  value,  placed  it  at  $25  000,  based  on  value  to  its  own- 
ers for  the  purpose  for  which  they  proposed  to  use  it,  that  is,  for 
the  construction  of  a  railway  tunnel.  Its  value  for  any  other  purpose 
would  have  been  a  mei-e  trifle.  The  sequel  is  interesting.  Road  A, 
being  deprived  of  its  right  of  way,  went  ahead  with  the  construction 
of  a  longer  tunnel  on  another  line  a  few  hundred  feet  south  of  the 
main  gap.     Road  B  completed  the  tunnel  through  the  main  gap.     The 
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Superior  Court  on  appeal  decided  apain.>5t  Ko:id  B,  and  Road  A  then      Mr. 
had  two  tunnels. 

As  a  matter  of  fact,  it  is  perfectly  evident  tlmt  the  value  of  laud 
for  railroad  purposes  is  a  distinct  and  important  element  of  value. 
One  line  may  be  worth  as  much  or  more  than  another  line  which  cost 
considerably  more  to  build,  its  greater  value  in  excess  of  cost  being 
altogether  due  to  its  more  favorable  location,  that  is,  the  greater  value 
of  its  land  for  railway  purposes.  This  does  not  necessarily  imply  a 
difference  in  engineering  skill,  the  first  line  having  first  choice  in  the 
selection  of  its  route. 

Existing  railroads  in  many  parts  of  the  country  occupy  natural 
or  strategic  routes  which,  from  the  shape  of  the  land  and  the  general 
configuration  of  its  slopes,  are  especially  adapted  to  railroad  purposes. 
At  present,  these  routes  are  of  great  value,  and  are  likely  to  become 
more  so  in  the  future. 

The  importance  of  passes  and  defiles  in  the  mountains  is  well  known 
to  engineers;  for  instance,  the  Xew  River  Gorge,  occupied  by  the 
Chesapeake  and  Ohio  Railway;  the  Ohio  River  below  Pittsburgh;  the 
Allegheny,  Monongahela,  and  Youghiogheny  Rivers  at  and  above  Pitts- 
burgh;  and  the  Susquehanna  above  and  below  Harrisburg. 

Let  any  one  spread  out  the  sheets  of  the  U.  S.  Topographical  Survey 
from  Pennsylvania  to  Georgia,  note  the  railroads  which  have  recently 
been  Iniilt,  and  study  the  situation  carefully.  He  will  see  how  diffi- 
cult, if  not  impossible,  it  will  be  to  get  another  low-grade  railroad  line 
from  the  Ohio  River  to  Chesapeake  Bay,  or  to  anj'  point  on  the  Atlantic 
Coast,  below  Xorfolk,  without  using  the  tracks  of  an  existing  railroad. 
The  Potomac,  James,  and  Roanoke  are  the  only  rivers  which  cut 
through  the  Blue  Ridge  Mountains.  On  the  route  from  Pittsburgh  to 
the  Potomac  both  banks  of  the  Youghiogheny  are  occupied;  this  is 
also  true  of  the  Potomac  from  Piedmont  to  Cherry  Run,  near  Hagers- 
town,  Md.  Between  the  Potomac  and  the  Chesapeake  and  Ohio  Rail- 
way, are  a  number  of  high  ranges  running  northeast  and  southwest, 
and  lapping  past  each  other  like  interlocked  fingers.  From  the  Chesa- 
peake and  Ohio,  on  New  River,  southward  to  the  Norfolk  and  West- 
ern Railroad,  there  are  numerous  ranges  of  hills  and  mountains;  and 
from  Roanoke  south  to  Rabun  Gap,  Georgia,  the  eastern  slope  of  the 
Blue  Ridge  falls  off  like  the  roof  of  a  house,  with  the  highest  mountains 
of  the  Alleghanies  to  the  west,  and  still  farther  west  lie  tlie  Cumberland 
Mountains. 

It  is  impossible  to  state  how  many  other  railroads  would  have  been 
built  from  Pittsburgh  east,  if  there  had  been  a  place  to  put  them,  or 
how  many  east  and  west  lines  south  of  the  Potomac;  one  would  have 
to  be  familiar  with  all  the  various  surveys  of  proposed  railroads.  The 
writer  knows  of  one  company  which  attempted  to  build  west,   in  the 
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Howard  ^^^^^^^^^  between  the  Potomac  and  the  Chesapeake  and  Ohio  Eailway; 
'  it  built  a  short  distance  and  stopped. 

The  value  of  ground  for  railway  purposes,  or  its  location  value,  is 
well  illustrated  in  the  case  of  terminals  in  a.  large  city.  If  the  busi- 
ness is  sufficient  to  justify  the  construction  into  the  city  of  a  new 
line  (B)  at  a  cost  of  $10  000  000,  then,  as  a  matter  of  fact,  the  value 
of  the  old  line  (A)  entering  the  city  from  the  same  direction  and  giving 
the  same  facilities,  would  be  not  less  than  $10  000  000,  even  though  the 
cost  of  reconstructing  it  on  its  present  location  should  be  estimated 
at  one-half  or  one-third  that  amount. 

It  may  be  assumed  that  the  old  line,  having  first  choice  of  location, 
cost  less  as  to  physical  features  of  construction,  including  grading, 
bridges,  etc.,  that  its  land  cost  less,  and  that  at  present  it  would  cost 
less,  if  valued  on  the  basis  of  adjacent  property  without  improvements. 
The  new  line,  however,  has  to  buy  property  with  improvements ;  then 
tear  them  down,  and  build  its  own  structures.  Stated  in  another  way, 
the  value  of  an  existing  line  is  evidently  not  less  than  the  cost  of  its 
reproduction  on  a  new  right  of  way,  when  sufficient  demand  exists 
to  justify  the  construction  of  an  additional  line;  and  as  no  one  will 
invest  without  expectation  of  increase,  to  this  value  should  be  added 
a  reasonable  percentage  for  profit. 

When  the  business  of  the  route  will  support  only  one  road,  any 
special  value  due  to  its  advantageous  location  is  not  so  apparent.  But 
if  the  business  is  increasing  toward  the  time  when  it  may  no  longer 
be  accommodated  by  the  increased  number  of  tracks  of  the  existing  road 
(and  it  is  only  a  question  of  time  when  a  second  and  more  expensive 
line  will  be  required),  then  the  value  of  the  location  of  the  existing 
road,  or  of  its  lands,  for  railway  purposes,  may  be  said  to  be  likewise 
increasing. 

Credit  for  Location  Value. — It  has  generally  been  conceded  that 
the  owner  of  property  is  entitled  to  its  value  for  any  lawful  use,  such 
as  farming,  building,  etc.  It  is  not  the  writer's  purpose  to  suggest 
who  should  be  credited  with  the  special  value  of  land  for  railroad 
purposes — the  State  or  the  railroad — but  rather  to  emphasize  the  fact 
that  this  value  exists. 

How  to  Estimate  the  Value  of  a  Location. — Railroad  companies,  if 
left  to  themselves,  might  settle  the  value  of  their  lines,  including  that 
of  location  (or  that  of  their  lands  for  railway  purposes),  by  the  natural 
process  of  competition,  provided  they  did  not  combine;  but  if  the 
Government  decides  to  make  a  complete  valuation  of  railroads  for 
purposes  of  rate-making,  it  must  consider  the  various  elements  which 
would  fix  the  value  according  to  natural  laws  of  supply  and  demand, 
such  as  the  cost  of  construction,  number  of  available  routes,  and 
number  of  roads,  tracks,  etc.,  necessarj-  to  handle  the  business. 
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If   it   decides  to  jrive  n    niilroad   fonipaTiv   tlie  credit    (ur.    in   some      Mr. 

.  .  .  1  1  1  -1     Howard, 

eases,  perhaps,  the  dehit)  of  the  value  of  its  location,  m-  tlir  adiiptal)!!- 

ity  (if  it-  land  for  railroad  imrposes,  how  may  such  value  he  deteruiirieil  f 

This     i<     a     ditiicult     jirohU'in,    yet     railroad     companies     liave    had     to 

solve    it    in    the   past;    and.   if   left  to   themselves,    will    have    to    do   so 

in  future.     It  takes  investigation,  time,   and   money.     To  consider  it 

as   an   '"intanpihle"   rather  than   a   land   value   makes  the  problem   no 

easier,  if  an  attempt  is  made  to  ascertain  its  amount  in  dollars  and 

cent-s.     It  must  be  remembered  also  that  railroad  companies  themselves 

have  not  asked  for  this  investigation. 

The  process  of  determining  the  value  of  a  location,  as  practised  by 
railroad  companies,  is  simple  enough  in  a  way;  but  it  is  expensive 
iiud  tedious.  A  company  desiring  to  build  through  a  certain  territory 
and  rinding  the  natural  route  occupied  by  another  road,  rnakes  careful 
surveys  and  estimates  of  the  cost  of  building  an  alternate  line.  If  it 
costs  too  much,  an  endeavor  is  made  to  secure  trackage  rights  over 
the  existing  line.  If  it  is  found  necessary  to  build  the  new  line,  then 
other  things  being  equal,  the  excess  cost  of  the  new  line  over  the  old, 
actual  or  computed,  may  be  taken  as  the  value  of  the  location  of  the 
old  line,  or  the  excess  value  of  its  land  for  railway  purposes. 

"Location;'  "Land"  or  "Intangible"  Values. — There  are  certain 
cases  where  the  cost  of  reproduction  on  a  new  right  of  way  would  seem 
to  be  a  logical  method  of  determining  the  value  of  land  for  railway 
purj^oses — in  other  words,  the  cost  of  reproducing  the  rij^hi  of  way; 
there  are  other  cases  where  this  method  might  be  tised  a>  a  i-lieck  or 
side  light.  It  probably  makes  no  difTerenee  whether  it  is  <-onsi(K'red  as 
"physieal."  "tangiide."  or  "intangible,"  provided  all  existing  information 
is  used  and  ever>-  effort   made  to  determine  its  tnu-  or  probable  value. 

M.  H.  Brinklev.  Assoc.  M.  Am.  Soc.  C.  E.  (by  h'tter). -While  the       Mr. 
general    principles  enunciated   by   the   author   are   interesting,    and   the     "°    ^-^^ 
IiaiH'r  is  a  valuable  contribution  on  the  subject  of  valuation,  the  writer 
de>ires  to  take  issue  with  some  of  Mr.  Wilgus'  conclusions. 

Since  the  paper  was  published,  the  decision  of  the  U.  S.  Suiireme 
Court  has  been  made  public,  and  its  conclusions  have  been  very  far- 
reaching  in  regard  to  the  value  to  lie  considered  for  rate-making  )iur- 
j)oses.  It  clearly  sets  forth  that  rates  should  be  charged  on  reproduction 
value  less  depreciation,  or  what  might  be  calle<l  depreciated  reproduc- 
tion value.  A  quotation  in  jtart  is  as  follows:  "When  an  estimate 
of  value  is  made  on  the  basis  of  reproduction  new.  the  extent  of  exist- 
ing depreciation  should  be  shown  and  deducted."  As  the  significance 
of  the  case  was  the  question  of  rates,  there  is  no  doubt  of  the  conse- 
quence of  the  decision  that  rat<\s  should  be  base<l  on  depreciated  repro- 
duction value. 

In  the  following  discussion   dipreciated   reprt-duction  value   will  be 

called  present  value. 
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Mr.  After  a  railway  is  built,  renewals  do  not  take  place  at  once,  but 

rinkley.  g^j^jj^j^j-^g  ^^^  betterments  may  be  made,  the  cost  of  which  should  be 
charged  to  capital  account.  Starting  with  the  property  new,  there  will 
be  a  gradual  depreciation,  based  on  the  rate  of  depreciation  of  the 
different  elements  of  the  property.  When  it  is  necessary  to  renew 
the  items  of  shortest  life,  allowance  must  be  made  for  the  expense  of 
replacements. 

Assume  that  from  the  beginning  of  operation  of  the  railway,  the 
earnings  have  been  sufficient  to  pay  interest  on  the  investment  and 
create  an  accrued  depreciation  fund,  which,  at  the  end  of  each  yeax, 
is  equal  to  the  depreciation  below  reproduction  value.  If,  however, 
no  fund  has  actually  been  created,  then  before  renewals  start,  the  net 
income  is  larger  than  in  later  years  by  an  amount  equal  to  the  average 
annual  renewals  of  the  later  period.  Advantage  may  be  taken  of  this 
by  paying  larger  dividends  to  stockholders,  or  the  amount  may  be  placed 
in  additions  and  betterments.  The  latter  is  frequently  done,  for  often 
on  railways  recently  built  a  large  number  of  improvements  take  place. 
In  either  case,  the  stockholders  gain,  and  there  is  what  amounts  to  a 
repayment  of  capital  invested. 

For  a  property  which  has  never  made  payments  into  a  depreciation 
fund,  the  yearly  replacements  must  come  out  of  earnings.  Assume  that 
the  railway  is  composed  of  a  large  number  of  elements  of  different 
life,  such  that  after  a  certain  age  is  reached,  the  jn-esent  value  re- 
mains constantly  at  the  same  percentage  of  reproduction  value,  due 
to  the  fact  that  replacements  are  the  same  in  amount  each  year.  This 
is  not  a  special  case,  as  a  large  amount  of  railway  mileage  approaches 
this  condition  vei-y  closely.  If  the  property  is  allowed  to  earn  interest 
on  present  value,  and  the  cost  of  the  annual  replacement  is  provided 
for,  the  rates  charged  to  the  public  will  be  the  same  as  if  a  depreciation 
fund  had  been  established  at  the  beginning,  being  kept  approximately 
equal  to  the  total  depreciation  and  earnings  continually  allowed  on 
reproduction  value.  In  this  argument,  it  is  assumed  that  the  rate 
of  interest  on  the  depreciation  fund  is  the  same  as  that  allowed  on 
reproduction  and  present  values.  The  proof  of  the  above  proposition 
is  as  follows: 

Let     i  =  rate  of  interest  allowed  on  reproduction  or  present  values; 
a  =  rate  of  interest  on  depreciation  fund; 
R  =  reproduction  value; 
P  =  present  value; 

N  =  annuity  required  for  contribution  to  a  depreciation  fund 
established  at  the  birth  of  the  property,  which  fund  at 
the   end   of    a   certain   period   will   remain    equal   to   the 
depreciation  below  reproduction  value; 
D  =  value  of  the  depreciation  fund; 
and,  A  =  cost  of  annual  replacements. 
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Then  in  the  case  where  earnings  had  always  been  allowed  on  re-  Mr. 
production  value  and  a  depreciation  fund  provided,  which  after  a  ""  ^^' 
certain  age  remains  equal  to  the  total  depreciation,  interest  on  the 
reproduction  value  plus  the  amount  of  the  annuity  must  be  provided 
by  net  earnings,  or  iB  -\-  N.  As  the  property  is  assumed  to  have 
reached  an  age  when  the  annual  replacements  paid  for  out  of  the 
fund  are  constant,  as  well  as  the  depreciation  fund,  it  follows  that 
aD  -\-  N  =  A,  ov  N  =  A  —  aD.  Substituting  for  N  its  value,  the 
net  earnings  must  amount  to  iR  -\-  A  —  aD.  But  R  —  D  =  P, 
and  if  i  =  a,  the  amount  to  be  provided  by  net  earnings  becomes 
iP  +  -4.  This  proves  the  proposition,  as  the  same  amount  emerges, 
which  it  is  contended  should  be  allowed  for  net  earnings  where  no 
depreciation  fund  has  been  provided.  It  seems  to  be  clear  from  the 
foregoing  that  if  earnings  arc  allowed  on  the  present  value,  together 
with  a  surplus  for  annual  replacements,  the  property  is  on  the  same 
footing  with  one  which  has  established  a  depreciation  fund  by  annuities 
and  is  allowed  earnings  on  reproduction  value. 

If  no  depreciation  fund  has  been  established,  it  should  be  assumed 
that  the  earnings,  which  should  have  contributed  to  such  a  fund,  have 
been  spent  in  extra  dividends  to  stockholders  or  used  in  additions  and 
betterments,  in  either  of  which  cases  the  result  is  that  of  a  repayment 
of  capital.  It  is  accomplished  in  the  former  case  by  direct  repayment 
and  in  the  latter  by  increasing  the  reproduction  value  of  the  property 
without  any  capital  outlay.  Besides,  the  apparent  loss  in  value  of  the 
property  is  very  much  reduced  on  any  railway  more  than  a  few  years 
old  by  the  unearned  increment  of  right-of-way  values.  The  term,  right 
of  way,  as  used,  includes  real  estate  and  tenninal  lands.  The  market 
value  of  such  land  is  usually  more  than  the  amount  originally 
paid  for  it,  and  in  the  case  of  the  earlier  railways  many  times  more. 
With  the  value  of  the  right  of  way  equal  to  20%  of  the  total  value,  it 
is  easily  apparent  that,  in  the  case  of  the  earlier  railways,  the  unearned 
increment  of  right-of-way  values  might  amount  to  more  than  15% 
of  the  value  of  the  property.  This,  with  the  appreciation  of  grading, 
would  be  sufficient  to  take  care  of  the  difference  between  reproduction 
and  present  values.  There  may  be  some  railways  of  light  traffic,  on 
wliich  exc&'^s  earnings  in  their  early  life  and  increase  of  right-of-way 
and  terminal  land  values  have  not  been  sufficient  to  balance  the  de- 
preciation. In  such  a  case,  the  stockholders  have  simply  made  a  poor 
investment. 

If  provision  is  made  by  the  railway  company  for  replacements  by 
a  replacement  fund  of  such  an  amount  that  it  will  be  just  wiped  out 
in  the  years  of  heaviest  replacements,  then  it  would  be  equitable  to 
allow  the  company  net  earnings  sufficient  for  interest  on  the  present 
value  plus  interest  on  the  amount  of  the  fund  plus  an  annuity  for  the 
replacement  fund.     The  same  result  would  be  achieved  by  allowing 
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Mr.  net  earnings  sufficient  for  interest  on  the  present  value,  plus  an  annual 
Brinkiey.  payment  into  the  replacement  fund,  no  interest  being  allowed  to  ac- 
cumulate in  the  replacement  fund,  being  given  to  the  stockholders 
instead  for  the  use  of  their  capital  in  the  fund.  As  the  sum  of  the 
present  value  and  the  amount  of  the  fund  will  always  approximate  a 
constant  value,  the  rates  paid  by  the  public  should  be  the  same  general 
average  through  a  group  of  years  as  if  calculated  on  the  basis  of 
present  value  alone.  Also,  considering  the  fund  as  a  part  of  the 
capital,  no  additions  to  capital  account  need  be  made  for  replacements 
as  their  cost  vpill  be  taken  out  of  the  fund. 

Depreciation  is  not  a  wastage  of  capital  if  its  capital  value  is  re- 
paid, but  as  far  as  the  property  is  concerned  there  is  a  diminution  of 
value.  If  depreciation  is  a  liability  of  the  stockholders,  earnings 
should  only  be  allowed  on  the  present  value,  for,  if  earnings  are 
allowed  on  reproduction  value,  depreciation  then  becomes  a  liability 
of  the  rate-payers. 

If  earnings  are  allowed  on  reproduction  value,  and  nomial  deprecia- 
tion is  treated  as  an  element  in  the  cost  of  operation  that  is  covered 
by  the  rate,  then,  if  no  depreciation  fund  has  been  created,  rates  must 
be  increased  as  depreciation  takes  place  and  replacements  increase, 
since  the  reproduction  value  remains  the  same. 

If  there  is  no  depreciation  fund,  and  earning.s  are  allowed  on  the 
reproduction  value,  then  this  becomes  the  selling  value,  as  the  latter 
is  the  capitalized  value  of  the  income.  It  has  been  agreed  by  the 
author,  however,  that  the  selling  value  or  the  capital  invested  by  the 
purchaser  should  be  based  on  the  present  value.  It  follows  that  earn- 
ings should  be  based  on  the  present  value  instead  of  the  reproduction 
value. 

For  property  which  has  been  allowed  to  deteriorate  below  the  nor- 
mal present  value,  it  becomes  a  liability  of  the  stockholders  to  place 
the  structures  in  fair  condition  to  the  extent  of  the  difference  between 
the  deteriorated  value  and  the  normal  present  value.  In  this  case 
the  stockholders  should  be  penalized  by  a  reduction  of  interest  on  in- 
vestment sufficient  to  authorize  this  difference  in  values  in  a  con- 
venient length  of  time.  During  this  time,  the  replacements  necessary 
to  bring  the  property  up  to  normal  condition,  would  be  made.  Earn- 
ings, insufficient  in  the  past  to  take  care  of  replacements,  would  be 
mitigating  circumstances. 

The  decision  of  the  U.  S.  Supreme  Court  in  the  "Minnesota  Rate 
Case"  also  covers  thoroughly  the  question  of  right-of-way  values. 
A  quotation  in  part  is  as  follows: 

"The  company  would  certainly  have  no  ground  of  complaint  if 
it  were  allowed  a  value  for  these  lands  equal  to  the  fair  average 
market  value  of  similar  land  in  the  vicinity,  without  additions  by  the 
use  of  multipliers,  or   otherwise,   to   cover   hypothetical   outlays.      The 
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;illo\v;iiic(s  luiuli'  f(.ir  a  cuiijcctural  fo:?t  of  ;u-(|ui>il  idii  and  coiisiHiuciitial        Mr. 
.laiiiai.;cs   imi.<t  be  disapproved;  and  in  this  view  we  also  think   it  was  ■^'"'nkloy. 
an  cirnr  to  add  to  the  amount  taken  as  the  present  value  of  the  huids 
thi'    further   sums   ealeuhited   on    that    vahie,    whicli    were  embraced    in 
I  he    ii(in>    of    'eiifi'ineerins;',    suiK'rintendeiiee.    h'jzal    expenses,'    'contin- 
^rueii'--."   and   'intert-t   duriuii'  eonstruet  ion"."" 

Tliis  decision  seems  to  be  fair,  both  to  the  railways  and  to  the 
rate-payers.  The  right-of-way  values  for  the  older  railways  will  be 
nuich  enhanced  over  the  original  cost,  and  it  is  not  probable  that  the 
newer  lines  will  suffer  any  hardship.  The  normal  increase  in  land 
values,  consisting  of  yards,  terminals,  and  right  of  way,  after  a  ra.il- 
way  is  built,  is  usually  sufficient  to  provide  for  the  extra  cost  of 
riuht  of  way  over  the  market  value  at  the  time  of  construction.  Some 
actual  data,  comparing  original  cost  with  present  market  value  for 
land  values  of  a  complete  railway  system,  would  be  interesting.  How- 
ever, it  should  be  unnecessary  to  consider  this  question  if  we  neglect 
original  cost  and  consider  only  reproduction  value.  The  present 
values  of  adjoining  land  have  been  created  on  account  of  the  existence 
of  the  railway  itself,  and  if  the  railway  was  to  be  built  at  the  present 
time,  the  present  land  values  would  certainly  not  obtain.  The  only 
exception  would  be  in  case  another  railway  existed  in  the  same  vicinity, 
which  fact  would  also  have  influence  in  creating  land  values;  but  in 
any  town  certain  land  increases  in  value  when  another  railway  is  built. 
Nothing  can  be  known  of  what  the  land  value.s  would  be  if  the  rail- 
way did  not  exist.  It  seems  to  be  expedient  as  well  as  good  judgment 
under  the  circumstances  to  allow  full  market  value  and  no  more.  The 
only  other  alternative  is  to  give  some  consideration  to  original  cost 
in  the  fixing  of  rates.  A  percentage  for  contingencies  and  interest 
<luring  construction  is  evidently  superfluous  as  it  has  nothing  to  do 
with  the  i)resent  market  value  of  the  land. 

The  writer  agrees  that  the  ordinary  method  of  calculating  interest 
during  construction  is  unfair  to  the  company.  By  this  method  one- 
half  of  the  total  interest  allowance  for  the  time  of  construction  is 
taken;  two-thirds  or  three-fourths  would  probably  be  more  nearly 
correct.  If  this  is  done,  however,  care  should  be  taken  that  a  too 
liberal  allowance  for  time  of  construction  is  not  made. 

The  author's  views  on  depreciation  arc  illuminating,  especially  on 
the  subject  of  rails.  In  addition,  it  would  be  well  to  state  that  rail 
breakage  should  also  be  considered,  and  availalde  statistics  on  this 
subject  for  each  railway  studied. 

It  seems  to  the  writer  that  depreciation  in  general  should  be 
handled  only  by  an  expert.  The  chiefs  of  ordinary  field  parties  have 
not  the  experience  and  ability  to  judge  accurate^-  of  the  condition  of 
structures,  and  the  variations  in  their  opinions  are  too  great.  In 
order  to  obtain  the  depreciated  value,  all  structures  should  be  examined 
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Mr.  by  an  expert  and  their  condition  noted.  When  the  inspection  is  made, 
he  should  have  the  age  of  the  structure,  if  such  information  is  in 
existence.  The  percentage  depreciation  can  be  more  intelligently 
noted  if  the  age  is  known. 

In  view  of  this  discussion,  conclusions  indicate  that  the  recent 
Supreme  Court  decision  in  the  Minnesota  Rate  Case,  in  regard  to  the 
basis  for  the  valuation  of  railroads,  is  fair  both  to  the  railway  com- 
panies and  to  the  rate-payers.  From  the  arguments  and  facts  it  does 
not  seem  possible  that  any  other  basis  for  rates  than  that  of  present 
value  with  right  of  way  included  at  market  value  of  adjoining  lands, 
could  be  made  without  gross  injustice. 

Mr.  Albin  G.  Nicolaysen,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The 

sen.     valuation  of  common  carriers  to  be  made  by  the  Interstate  Commerce 

Commission   promises    to   be    of    such    great    importance   both    to    the 

public  and  the  railroads,  and  opinions  as  to  the  proper  principles  to 

be  followed  vary  so  greatly,  that  Mr.  Wilgus'  paper  is  most  timely. 

The  author  has  given  a  clear  presentation  of  his  views,  and  the 
force  of  many  of  the  arguments  is  admitted,  but  to  the  writer  it  seems 
that  the  railroads  have  generally  received  a  little  more  than  the  benefit 
of  the  doubt.  Thus  it  seems  proper  enough  that  some  allowance  should 
be  made  for  solidification  of  embankments,  but  to  advocate  that  such 
allowance  shall  equal  the  estimated  cost  of  compacting  the  embank- 
ment as  an  earthern  dam  would  be  compacted  at  the  time  of  its  con- 
struction, does  seem  to  be  rather  arbitrary.  It  is  also  certain  that 
the  surfaces  of  cuts  become  seasoned  in  time,  so  that  the  ti'ouble  from 
slides  and  filling  of  ditches  is  materially  less  in  an  old  than  in  a  new 
cut,  and  that  the  appreciation  of  the  cuts  may  bear  a  close  relation  to  the 
cost  of  maintaining  the  slopes  from  the  time  of  construction  until  they 
become  fairly  stable;  but  the  appreciation  of  the  cuts  is  somewhat  less, 
and  not  equal  to  the  cost  of  maintaining  them  during  the  period  of  settle- 
ment, as  some  cleaning  of  ditches  will  always  be  required.  However, 
where  the  difference  between  the  two  values  is  small,  it  seems  to  the  writer 
to  be  reasonable  and  fair  to  give  the  railroads  the  benefit  of  the  doubt, 
taking  into  account  the  fact  that,  in  some  cases,  valuation  for  rate- 
making  purposes  may  work  hardship  to  innocent  investors.  The  au- 
thor, however,  appears  to  claim  that  even  an  additional  allowance, 
equal  to  the  cost  of  establishing  vegetation  by  artificial  means,  should 
be  made  where  the  cuts  have  become  covered  with  vegetation  which 
protects  the  surface.  This  claim  seems  clearly  against  the  funda- 
mental principle  that  physical  value  is  determined  as  the  cost  of 
reproducing  the  property  in  its  present  condition,  under  the  assump- 
tion that  the  natural  topographical  conditions  along  the  line  are  as 
they  were  at  the  time  when  the  road  was  built,  while,  in  other  respects, ' 
the  conditions  are  taken  as  they  exist  to-day;  vmder  this  theory  Nature 
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may  logically  be  ai-sunied  to  re-establish  vegetation  in  places,  where  it      Mr. 
has  established  such  vegetation  in  the  past.  "  sen.  ^ 

It  appears  to  the  writer  that  most  appraisers  would  make  some 
.illmvance  in  the  physical  value  for  interest  during  construction,  cost 
of  iironiotion.  banker's  commission  on  securities  (but  not  discount  on 
bonds),  contingencies,  and  similar  items,  so  that  the  difference  of 
opinion  regarding  these  items  would  be  confined  mostly  to  the  ques- 
tion of  the  proper  allowance  to  make  for  each.  This  the  writer  does 
not  consider  himself  qualified  to  discuss  further  than  to  state  that 
it  would  seem  reasonable  to  assume  that  an  examination  of  the  books 
of  recently  built  roads  would  disclose  data  from  which  these  items 
could  be  estimated  quite  closely. 

There  remains  one  fundamental  question  on  which  the  writer  differs 
absolutely  with  the  author,  namely,  whether  the  proper  physical  value 
for  rate-making  purposes  should  be  determined  as  the  cost  of  repro- 
tluction  new,  or  whether  a  deduction  should  be  made  from  this  value 
to  cover  depreciation. 

As  long  as  it  is  agreed  that  depreciation  shall  be  included  in  main- 
tenance, and  that  the  renewals  shall  be  charged  as  operating  expenses, 
it  seems  clear  that  the  physical  value  for  rate-making  purposes  is  the 
cost  of  reproduction  new,  less  depreciation.  To  illustrate  this  con- 
tention it  may  be  assumed  that  a  certain  road  was  built  as  a  unit. 
\Vhcn  new,  the  physical  value  equalled  the  cost  of  reproduction  new, 
since  no  depreciation  had  occurred.  After  the  road  had  been  in  service 
for  one  year,  a  certain  depreciation  took  place,  but  this  depreciation 
was  a  part  of  the  operating  expenses  for  that  year,  and  may  be  as- 
sumed to  have  been  placed  in  a  special  depreciation  fund.  If  this  has 
been  done  regularly,  there  will  exist  at  the  present  time  a  fund  made  up 
i)f  yearly  appropriation.s  equal  to  the  depreciation  for  each  year  less 
the  cost  of  renewals  made  in  the  period  considered,  and  this  fund  should 
equal  the  depreciation  on  the  road  as  it  exists  to-day.  The  road  under 
consideration  is  clearly  entitled  to  a  return  on  the  cost  of  reproduction 
new  without  any  deduction  for  depreciation,  but  the  depreciation  fund 
may  logically  be  assumed  to  be  invested  in  such  a  way  as  to  earn  in- 
terest on  itself,  and  the  net  earnings  from  operation  need  only  be 
large  enough  to  provide  for  a  return  on  intangible  values,  if  any,  and 
on  the  cost  of  reproduction  new,  less  depreciation. 

It  is  granted  that  such  a  fund  is  rarely  established,  but  this  does 
not  a.lter  the  case;  it  simply  means  that  the  stockholders  have  drawn 
out  of  the  road  more  than  was  really  available  for  dividends,  and  have 
thus  reduced  their  investments  in  the  property  by  an  amount  equal 
to  the  depreciation.  iVs  long  as  the  property  is  kept  in  good  condi- 
tion, no  objection  can  be  made  to  the  withdrawal  of  money  which,  in 
a  sense,  belongs  in  a  depreciation  fund,  because  the  average  condition 
on  a  well-maintained  road  of  any  magnitude  differs  but  little  from 
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Mr.  year  to  year,  and  it  will  never  be  necessary,  or  even  possible,  to  renew 
'sen?^  all  of  the  property  during  one  year. 

If  maintenance  expenses  are  considered  in  connection  with  the  re- 
turn on  physical  value,  it  will  be  still  clearer  that  depreciation  should 
be  subtracted  from  the  cost  of  reproduction  new,  in  order  to  determine 
the  physical  value  on  which  a  return  may  be  expected.  If  this  is  not 
done,  then  two  roads,  A  and  B,  for  which  the  cost  of  reproduction  is 
identical,  will  be  entitled  to  the  same  return  on  their  physical  values, 
although  A  may  be  a  fairly  new  road  and  in  excellent  condition,  while 
B  may  be  old  and  run  down.  Under  such  conditions  the  maintenance 
expenses,  and,  for  that  matter,  the  operating  expenses  too,  would  be 
far  heavier  on  B  than  on  A,  and,  as  the  roads  are  entitled  to  earn 
maintenance  and  opei'ating  expenses  in  addition  to  a  return  on  the 
physical  value,  the  result  would  be  that  the  poor  road,  B,  would  be 
entitled  to  far  larger  earnings  than  the  good  road.  A,  which  shows 
clearly  enough  that  something  is  wrong  with  the  basic  assumptions. 
In  fact,  as  the  writer  sees  it,  there  is  no  doubt  but  that  the  physical 
value  should  be  determined  as  the  cost  of  reproduction  new,  less 
depreciation. 

In  connection  with  the  question  of  depreciation,  it  would  seem  that 
average  depreciation,  rather  than  actual  depreciation,  should  be  used 
in  the  majority  of  cases.  If  an  attempt  was  made  to  base  the  value 
for  rate-making  purposes  partly  on  the  actual  depreciated  value  of  the 
physical  property,  it  would  mean  that  the  task  of  revising  the  valuation 
in  order  to  keep  it  up  to  date  would  be  almost  impossible  on  account 
of  the  multitude  of  items  involved.  In  addition,  the  writer  believes 
that  the  result  obtained  by  assuming  that,  say,  all  the  untreated  pine 
ties  on  a  fairly  large  road  had  a  present  value  equal  to  50%  of  the 
value  new,  would  be  more  nearly  correct  than  that  arising  from  an 
attempt  to  estimate  the  depreciation  of  each  individual  tie,  although 
a  still  closer  value  might  be  obtained  by  estimating  the  average  de- 
preciation, bearing  in  mind  that  the  normal  depreciation  would  be  50% 
and  the  minimum  and  maximum  depreciation,  say,  respectively,  35 
and  65  per  cent. 

If  average  depreciation  instead  of  actual  depreciation  was  used  to 
determine  the  physical  value,  the  result  wouLl  be  a  tendency  toward 
stability  in  rates,  field  and  office  work  would  be  greatly  reduced,  and 
the  task  of  keeping  the  valuation  up  to  date  would  be  made  practical. 

It  is  admitted,  however,  that  the  actual  depreciation  of  buildings 
and  structures  should  be  determined,  not  only  because  it  is  required 
by  law,  but  also  because  it  will  furnish  a  guide  in  establishing  average 
depreciation  of  different  classes  of  structures  and  in  analyzing  mainte- 
nance expenses,  the  writer's  belief  being  that  average  maintenance 
expenses  must  be  ascertained  as  a  step  necessary  to  the  determination 
of  intangible  values,  if  any.  '':/;.!.:.: 
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As,  theoretically,  abandoned  property  must  be  paid  for  out  of  the  Mr. 
depreciation  fund,  it  is  obvious  that  such  property  as  a  spur  to  a  mine  sen!^ 
which  has  been  worked  out,  should  only  be  given  a  nominal  value.  The 
same  would  necessarily  apply  to  stretches  of  roads  having  such  curva- 
tures and  grades  as  to  make  it  impossible  to  operate  trains  economically 
over  them  under  present  conditions,  to  bridges  which  are  too  light  to 
carr;s'  present  rolling  stock,  etc.  This,  however,  should  be  definitely 
settled  and  understood,  else  the  natural  result  would  be  a  postponement 
of  a  very  large  part  of  desirable  improvement  work  along  these  lines, 
pending  the  completion  of  the  valuation. 

To  the  writer  it  seems  that  the  value  for  taxation  purposes  may 
differ  from  that  for  rate-making  purposes,  but  he  is  not  certain 
that  it  would  be  impossible  to  distribute  the  several  items  of  value 
between  physical  and  intangible  values  in  a  way  that  is  logical,  and, 
at  the  same  time,  leaves  the  physical  value  the  same  no  matter  for 
what  purpose  it  is  intended.  ]f  it  were  possible,  this  plan  would  be 
highly  desirable  as  tending  to  give  the  valuations  proper  standing  with 
the  general  public.  It  requires,  however,  that  the  method  to  be  used 
in  estimating  the  intangible  values  be  determined,  and  it  is  greatly 
to  be  hoiied  that  some  member  of  the  Society  will  present  a  paper  deal- 
ing with  this  subject. 

F.  A.  MoLiTOR,  M.  x\m.  Soc.  C.  E.  (by  letter). — The  thorough  and  Mr. 
masterly  manner  in  which  Mr.  Wilgus  has  covered  the  subject  of  the  ' 
physical  valuation  of  railways  has  left  little  room  for  further  discus- 
sion. As  the  writer's  professional  experience,  however,  has  been  con- 
fined solely  to  the  building  of  railroads,  a  few  points  which  occurred 
to  him  in  reading  this  valuable  contribution  on  the  pressing  sub- 
ject now  before  the  Interstate  Conmierce  Commission  and  the  rail- 
ways may  be  of  interest.  It  should  be  stated,  however,  that  the  writer's 
experience  has  been  in  the  commercial  or  practical  field,  and  not  in 
the  political  or  academic  work  of  valuation  for  taxation  or  rate-making 
purposes;  therefore,  his  views  on  the  general  subject  may  be  biasetl. 

Although  the  purpose  of  the  Federal  Act  for  the  physical  valuation 
of  railroads  is  not  stated  specifically  in  that  Act  or  elsewhere,  neverthe- 
less, it  appears  to  be  for  one  or  both  of  the  following  i)urposes: 
(1)  For  rate-making  or  regulation  purposes;  (2)  to  ascertain  the  value 
of  the  railroad  properties  with  a  view  of  determining  their  jjresent 
physical  appraisement  for  the  ultimate  i)urpose  of  Government 
ownership. 

If  either  of  these  views  is  true,  then  the  "original  cost  to  date"  is 
a  mere  bookkeeping  task  with  the  evident  purpose  of  checking  the  re- 
sults obtained  by  the  engineering  method  of  "cost  of  reproduction  new'' 
and  "cost  of  reproduction  less  depreciation."  The  "sale  method"  may 
be  dismissed  from  consideration,  because,  as  Air.  Wilgus  states,  it  can 
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Mr.      be  used  for  taxation  purposes  only  and  hence  is  a  State  and  hardly  a 
Molitor.  -ni    1       1  .• 

rederal  question. 

Mr.  Wilgus  has  stated  the  difficulties  to  be  encountered  in  obtaining 
the  "original  cost  to  date,"  and  an  accountant  or  engineer  may  well 
shudder  at  the  task  of  ascertaining  in  only  the  most  general  way  the 
original  cost  of  some  of  the  earlier  railroads,  many  of  which  have  been 
rebuilt  on  entirely  different  alignment  and  right  of  way,  the  original 
roadbed  having  been  obliterated  by  the  elements  and  become  a  part 
of  the  landscape  and  topography.  What  possible  value  can  such  ap- 
proximation of  the  oi'iginal  cost  of  a  railroad,  with  additions  and  better- 
ments and  improvements  added  to  date,  be  to  the  Federal  Government? 
Or  what  standing  will  it  have  in  Court  ?  In  fact,  to  what  can  an  engi- 
neer consistently  testify  in  the  "original  cost  to  date"  except  only  what 
the  books  of  the  railroad  company  show? 

It  seems  to  the  writer,  therefoi-e.  that  the  only  admissible  method 
of  valuation  is  the  "cost  of  reproduction  new"  or  "less  depreciation," 
and  he  agrees  with  Mr.  Wilgus'  theory  that  the  proper  valuation  for 
rate-making  and  regulation  purposes  is  the  cost  of  reproduction  new, 
the  depreciation,  if  any,  being  taken  care  of  by  the  owners  and  stock- 
holders as  a  liability.  On  the  other  hand,  if  the  valuation  is  for  the 
purpose  of  taking  over  and  purchasing  the  railroad,  then  the  deprecia- 
tion should  be  considered  only  to  the  extent  required  in  each  railroad 
under  consideration.  It  is  at  this  point  that  the  experienced  railroad 
engineer  may  use  his  judgment.  The  writer  is  acquainted  with  many 
roads  which  are  maintained  in  a  first-class  manner  and  would  not  in 
all  fairness  have  any  deduction  for  depreciation,  because  their  general 
condition  for  the  puri^ose  of  the  public  is  as  good  as,  if  not  better  than, 
when  it  was  new,  as  viewed  and  appraised  in  a  broad  and  equitable 
light.  Speaking  academically,  it  is  admitted,  however,  that  each  and 
every  tie,  panel,  or  track,  or  other  detail  of  construction,  is  not  new, 
and,  therefore,  from  a  percentage  standpoint,  is  not  "100  per  cent,  new." 
It  is  here  that  the  fallacies  of  theoretical  tables,  based  on  the  life  of  a 
construction  detail  or  unit,  and  purporting  to  give  its  money  value  for 
each  year  of  its  life,  are  evident  when  the  railroad  as  a  whole,  or  as 
an  operating  plant  for  the  public  benefit,  is  being  considered. 

Another  railroad  which  by  inspection  shows  a  physical  depreciation 
to  the  extent  that  repairs  of  roadbed,  bridges,  and  buildings  are  re- 
quired, may  well  have  a  "less  depreciation"  deducted  from  its  repro- 
duction cost  to  the  extent  that  the  engineer  may  estimate,  not,  however, 
by  counting  the  bad  ties,  but  by  estimating  carefully  what  is  required 
to  place  the  road  in  proper  condition  in  order  to  handle  its  particular 
traffic  economically,  and  here  it  must  be  remembered  that  the  traffic 
of  the  Pennsylvania  Railroad  requires  a  higher  standard  of  roadbed 
efficiency  than  a  short  line  in  an  outlying  district  with  a  light  traffic 
density.    Is  this  not  an  example  of  one  of  the  "elements"  entering  into 
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railroad   valuation   in   respect  to  the   "less   depreciation"'    item?     And  ,  Mr. 
•      .  1  •  p      •  1  1.11.  •  1        Molitor. 

IS  it  not  the  point  ot  view  to  be  taken  by  the  valuation  engineer  that 

he  must  apply  different  standards  to  different  railroads?     The  writer 

can    well    iinafiinc    the    inexperienced    man    acquainted    only    with    the 

ina.intenance-of-way  standards  of  the  Pennsylvania  Railroad,  or  other 

Fastern    railway,    being    detailed    to    value    some    Southwestern    line. 

Would  he  not  unconsciously  estimate  his  "depreciation"  on  an  Eastern 

standard  and  thereby  injure  the  Southwestern  stockholders? 

The  writer  has  discussed  the  depreciation  method  because,  since 
AFr.  Wilgus'  paper  was  published,  the  U.  S.  Supreme  Court  has  ruled, 
in  the  Minnesota  cases,  that  it  must  be  considered,  and  although  the 
writer  has  been  of  the  opinion  that  it  should  rule  only  in  roads  under 
bad  roi)air,  we  are  now  confronted  with  it  in  the  valuation  of  the  best 
roads,  and  it  seems  that,  in  considering  depreciation  broadly  and  hav- 
ing always  in  mind  the  traffic  caxried  by  each,  and,  in  so  doing,  particu- 
larly avoiding  formulas,  we  bring  ourselves  under  the  Supreme  Court's 
decision. 

Passing  to  the  details  of  cost  of  "reproduction  new,"  which  must  bo 
first  determined,  regardless  of  depreciation,  it  seems  to  the  writer  that, 
in  a  general  way,  such  cost  can  be  estimated.  It  will  be  closer,  perhaps, 
ihan  an  estimate  of  construction  cost  based  on  a  careful  final  loca.tion, 
but,  nevertheless,  it  is  an  estimate  which,  as  far  as  graduation  and 
masonry  are  concerned,  is  not  nearly  as  close  as  the  "final"  estimate 
of  the  actually  constructed  roadbed.  The  masonrj'  cannot  always  be 
reached  to  be  measured.  The  excavations  for  foundations  and  classes 
of  material  thus  encountered  cannot  be  seen,  and  many  like  quantities 
of  construction  cannot  be  determined  at  all  in  the  absence  of  plans  and 
actual  records  of  construction.  On  the  more  recently  built  railroads 
these  may  be  found,  but,  to  the  writer's  knowledge,  no  such  records 
exist  on  many  miles  of  lines,  the  construction  staff  having  been  dis- 
pensed with  before  the  construction  facts  were  recorded. 

Sometimes  the  classification  and  overhaul  of  graduation  quantities 
can  only  be  estimated  in  the  crudest  possible  manner.  The  fact  that 
cuts  are  many  years  old  prevents  the  most  experienced  eye  from 
judging  the  original  classification.  Loose  debris  has  slid  down,  cover- 
ing the  original  roadbed  walls,  or  weather  has  changed  the  character 
or  classification  of  the  visible  material,  giving  hardly  a  hint  of  the 
classification  of  graduation  originally  moved,  and  no  hint  at  all  as  to 
the  quantities  of  classified  material.  In  respect  to  overhaul,  the 
original  method  of  handling  the  work  should  be  known.  What  sort 
of  plant  was  used,  whether  scrapers,  wagons,  or  cars?  Here,  again, 
the  engineer,  inexperienced  with  the  locality  to  which  he  is  detailed, 
may  fall  into  error  by  assuming  the  use  of  a  grading  plant  inconsistent 
with,  and  expensive  for.  the  original  work. 
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Mr.  ,  The  writer  has  mentioned  some  of  the  units  of  construction  which 
■  cannot  merely  be  inventoried  or  measured,  but  must  be  estimated,  and, 
in  consequence  of  which,  the  personal  equation  will  enter  into  the  valua- 
tion to  a  large  degree,  requiring  eternal  vigilance  and  care  on  the 
part  of  the  valuation  engineers,  in  order  that  their  estimates  may  not 
be  overthrown  by  the  Courts  on  the  testimony  of  the  experienced  and 
expert  engineers  of  the  railroad  companies. 

Referring  to  some  units  of  construction  which  can  be  measured, 
engineers  are  sometimes  confronted  with  the  unit  prices  to  be 
placed  on  them.  Land  values  are  the  most  important  of  these,  and 
the  writer  is  in  agreement  with  Mr.  Wilgus'  expressions  in  respect  to 
using  a  stated  multiplier  against  the  normal  market  value  to  determine 
generally  the  cost  to  the  railroads,  which  is  known  to  be  in  excess  of 
other  land  purchases;  he  is  compelled,  however,  to  change  the  method, 
but  not  his  original  opinion,  by  the  Supreme  Court's  ruling  in  the 
Minnesota  Rate  Case,  where  it  decided  against  the  use  of  a  formula 
or  factor  for  determining  the  cost  of  lands.  This  decision  leaves  only 
the  alternative  of  using  the  normal  present  market  value,  but  if 
abundant  proof  is  offered  of  the  actual  amounts  paid  in  good  faith  for 
land  by  the  railroads,  the  writer  cannot  but  believe  that  such  costs  of 
land  will  be  admitted. 

"Engineering,"  in  the  writer's  opinion,  has  generally  been  estimated 
too  low,  and  as  far  as  his  experience  shows,  has  been  varied  from  5  to 
10%  of  the  cost  of  the  railroad  proper,  depending  on  the  locality  and 
topography,  as  well  as  the  speed  at  which  construction  progressed.  In 
the  case  of  a  physical  valuation,  the  construction  must  necessarily  be 
assumed  to  have  continued  without  interruption  due  to  lack  of  funds 
or  other  causes,  otherwise  a  wide  door  is  opened  for  varied  and  excessive 
engineering  expenses.  It  seems  equitable,  however,  to  make  due  allow- 
ance for  such  delays  if  they  occurred  during  the  construction  of  a  par- 
ticular railroad. 

"Contingencies"  is  an  item  which,  as  Mr.  Wilgus  suggests,  must 
be  given  due  consideration,  and  is  dependent  on  the  individual  cases 
presented  in  the  railroad  valuation. 

Such  minor  items  as  insurance,  stationeiy  and  printing,  can  be 
taken  care  of  by  a  valuation  engineer  in  no  better  manner  than  that 
suggested  by  Mr.  Wilgus,  but  "law  expenses"  is  an  item  that  cannot 
readily  be  estimated  by  comparison  with  the  like  expenses  of  other  rail- 
roads, because  these  expenses  vary  with  each  railroad  and  with  the 
necessary  legal  work  that  was  or  should  be  performed  in  connection 
with  railroad  construction.  As  a  general  thing,  the  writer  is  of  the 
opinion  that  law  expenses  have  not  heretofore  been  estimated  as  liberally 
as  the  facts  and  known  expenses  seem  to  warrant.  Some  railroads, 
through  the  selection  of  a  contested  route,  or  through  contractors'  diffi- 
culties, have  experienced  heavy  charges  for  legal  services  during  eon- 
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struct  ion.     When  a  railroad  is  valued  for  the  cost  of  reproduction  new,      Mr. 
is  it  to  be  assumed  that  no  legal  difficulties  of  this  nature  had  been 
encountered?     If  so,  a  just  and  equitable  valuation  for  this  item  has 
not  been  made. 

"Interest  and  Commissions,"  which  cover  the  interest  on  the  money 
invested  in  the  railroad  property  presumably  until  such  time  as  the 
railroad  is  completed,  in  operation,  and  becomes  self-sustaining,  and 
bankers'  and  underwriters'  commissions,  etc.,  are  items  susceptible  of 
division  of  opinion  and  many  interpretations,  when  placing  a  valua- 
tion on  railroad  property. 

In  the  writer's  opinion,  a  discount  on  bonds,  as  near  as  it  may  be 
determined  by  the  probable  credit  of  the  railroad  being  valued,  should 
unquestionably  be  allowed  for,  as  it  is  part  of  the  investing  public's 
risk  assumed  in  purchasing  the  securities  of  a  new  company,  and  the 
interest  on  which,  therefore,  should  be  paid  for  by  the  shipping  public 
in  the  shape  of  the  rates  based  on  the  total  valuation  of  the  railroad 
property,  which  should  thus  include  the  discount  on  the  bonds.  On 
one  hand  we  have  a  small  road  with  poor  credit,  the  original  construc- 
tion bonds  of  which  sold,  say,  at  60%,  while  on  the  other  hand  there 
is  a  subsidiary  line  of  the  Pennsylvania  Railroad,  for  instance,  the 
bonds  of  which,  issued  for  construction  purposes,  would  probably  bring 
l)ar  to  the  investing  public.  In  the  consideration  of  the  commissions 
and  discount  item  in  the  valuation  of  these  two  extremes,  should  not 
this  be  taken  into  consideration  to  the  extent  of  allowing  no  discount 
in  the  case  of  the  Pennsylvania. Railroad  and  40%  for  discount  to  be 
added  to  the  valuation  to  cover  the  legitimate  risk  taken  by  the  investor 
in  the  small  railroad  company's  bonds.  The  public  thereby  will  pay 
a  very  small  fraction  of  the  interest  on  the  40%  increase  in  valuation, 
in  the  shape  of  railroad  rates.  The  only  alternative  would  be  that  the 
public  guarantee  the  interest  on  the  bonds  issued  by  the  smaller  com- 
pany, so  that  by  such  additional  credit  they  would  bring  par  and  a 
price  equal  to  those  issued  by  the  larger  railroad  with  its  good  credit. 

The  interest  during  construction,  of  course,  is  more  readily  obtain- 
al)le  by  multiplying  the  estimated  period  of  construction  by  the  prevail- 
ing interest  rate  and  dividing  by  the  average  period  of  time  in  which 
all  the  money  was  used,  which,  for  practical  purposes,  has  been  taken 
as  two,  on  the  theory  that  the  money  expended  during  construction 
has  been  regularly  distributed  over  that  period,  so  that  the  average 
interest  is  one-half  of  the  total  amount.  It  is  quite  passible,  on  the 
other  hand,  that  the  money  expended  during  construction  has  not  been 
60  evenly  distributed  as  to  permit  of  this  course. 

A  case  is  within  the  writer's  experience  where  the  graduation  was 
comparatively  light,  heavy  expenditures  were  made  for  right  of  way, 
and  the  rails  and  fastenings  were  shipped  in  the  early  stage  of  con- 
struction,  with  sight   drafts   against  delivery,  so   that   something  like 


Molitor. 
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Mr.  75  or  80%  of  the  cost  of  construction  was  expended  in  the  early  months. 
The  remainder,  consisting  of  bridges  and  buildings,  was  built  after 
the  track  was  laid,  resulting  in  the  fact  that  25%  of  the  payments  were 
not  actually  made  until  18  months  after  75%  of  the  expenditures  were 
made. 

It  is  believed,  therefore,  that  there  is  a  wide  latitude  in  the  con- 
sideration of  the  "interest  and  commission  item"  in  which  errors  and 
omissions  may  enter,  to  the  manifest  injustice  of  the  investing  public, 
on  the  one  hand,  and  the  shippers,  on  the  other,  if  rate-making  and 
regulation  is  based  on  the  valuation.  The  writer  is  aware  that  some 
authorities  have  questioned  the  allowance  of  interest  and  commissions 
in  valuation  at  all.  To  those  he  would  suggest  that,  in  the  establish- 
ment of  unit  prices  for  contract  work  of  any  character  or  in  any 
locality,  there  is  contained  this  very  item  which  is  a  universal  trade 
condition  and  must  be  recognized.  The  contractor  is  obliged  to  borrow 
money  from  his  bank  to  carry  on  his  contract  work,  as  his  monthly 
estima.tes  are  admittedly  not  sufficient  to  carry  his  investment  for  plant 
and  like  purposes  during  its  earlier  stages.  He  pays  the  highest  rate 
of  interest,  and  he  is  reimbursed  for  these  interest  payments  in  the 
shape  of  a  percentage  added  in  his  unit  prices.  In  many  cases  the 
contractor  is  obliged  to  pay  commissions,  and  this  is  also  reflected 
or  added  in  his  bid  of  unit  prices  made  to  the  railroad  company.  There- 
fore, if  the  railroad  company  reimburses  the  contractor  for  interest 
and  commissions,  although  they  are  hidden  in  the  unit  prices,  why 
should  not  the  railroad  have  added  to  its  cost  in  the  valuation  of  its 
property  by  the  authorities  the  item  of  "interest  and  commission"  as 
a  transaction  between  the  railroad  and  its  banker  instead  of  a  transac- 
tion between  the  railroad  company's  contractor  and  his  banker? 

The  writer  is  pointing  out  some  of  the  items  that  have  come  under 
his  experience  in  railroad  construction,  and  have  been  practical  ones, 
with  the  view  of  promoting  further  discussion  on  Mr.  Wilgus'  paper 
from  those  members  of  the  Society  who  have  had  charge  of  or  have  been 
connected  with  State  railroad  valuation  in  the  past,  so  that  a  broad 
light  may  be  thrown  on  the  subject  for  the  benefit  of  those  who  are 
charged  with  the  Federal  valuation  of  railroad  properties. 

In  the  valuation  of  equipment,  Mr.  Wilgus  suggests  that  each  unit 
need  not  be  viewed  personally  by  the  expert  appraiser.  Nevertheless, 
it  would  appear  advisable  for  the  appraiser  to  inspect  as  many  of  the 
units  of  equipment  as  it  is  physically  possible  for  him  to  do. 

The  writer's  theory  is  that  equipment,  motive  power  especially,  is 
subject  to  heavy  wear  and  depreciation  not  always  in  the  ratio  of  its 
age,  because  one  locomotive  or  car  of  an  equal  age  and  original  con- 
struction may  have  performed  a  greater  mileage,  or  may  not  have 
been  maintained  as  well  as  another,  and  though  he  believes  that  de- 
preciation of  the  roadbed  and  structures  must  be  regarded  in  the  gen- 


Papers.]      DISCUSSION    ON    I'HYSICAL    VALUATION    OF    RAILROADS      1681 

eral  way  as  a  sinprle  proposition,  he  feels  that  the  equipment  can,  by  Mr. 
actual  inventoo'.  ho  valued  with  the  depreciation  deducted  and  obtained 
in  a  careful  and  more  exact  manner.  At  the  same  time,  the  general 
overhauling  and  repairs  made  to  equipment  should  be  given  the  most 
careful  consideration.  Though  the  life  of  an  engine  may  be  taken  at 
a  given  number  of  years,  nevertheless,  this  life  may  be  lengthened  by 
systematic  and  careful  general  repairs  and  overhauling,  which,  in  the 
case  of  many  railroads,  has  been  done.  The  past  history  of  equipment 
is  that  it  becomes  obsolete  rather  than  worn  out.  Its  physical  life  is 
longer  than  its  economic  life,  and  it  is  not  at  all  improbable  that  the 
latter  should  be  taken  into  consideration  in  the  value  of  equipment. 
That  is  to  say,  the  unit  value  of  a  car  of  100  000  lb.  capacity  is  greater 
than  one  of  40  000  lb.  capacity  because  of  the  greater  operating  efficiency 
of  the  former. 

The  writer  is  in  the  lieartiest  accord  with  ^Ir.  Wilgu.s  in  giving  due 
consideration  and  valuation  to  the  preliminary  organization  expenses 
which  are  necessarj^  incidents  to  the  construction  of  any  railroad.  From 
the  writer's  knowledge,  there  have  been  instances  in  which  these  pre- 
liminary organization  expenses  have  legitimately  run  into  an  amount 
equal  to  20%  of  the  cost  of  construction,  and  he  believes  that  where 
a  railroad  company  can  show  proof  that  such  preliminary  expenses 
have  existed,  they  should  be  allowed  in  the  valuation. 

In  conclusion,  the  writer  recognizes  the  legal  limitations  within 
which  much  of  the  physical  valuation  of  railroads  has  heretofore  been 
undertaken  by  several  of  the  States.  He  believes  that  though  much 
of  the  information  gained  will  be  of  value  in  the  Federal  valuation, 
nevertheless,  there  are  many  additional  items  which  may  well  be  taken 
into  consideration  by  the  Interstate  Commerce  Commission.  He  refers 
more  particularly  to  the  so-called  intangible  values.  Some  of  the  values 
that  have  been  called  intangible  are  not.  in  his  opinion,  at  all  intangi- 
ble, and  he  will  close  by  mentioning  one  very  tangible  item  of  the  value 
of  a  railroad,-  with  the  hope  of  adding  to  the  discussion  further  re- 
marks on  the  subject. 

The  profile  of  a  railroad  has  a  tangible  value  and,  therefore,  should 
be  considered  in  the  physical  valuation  of  any  railroad  property. 

The  economy  of  the  operation  of  a  railroad  plant  depend.s  on  a  great 
many  items,  the  principal  ones  being  fuel,  labor,  and  the  profile.  Labor 
rates  are  becoming  practically  uniform  throughout  the  country,  but 
the  cost  of  fuel  varies  considerably.  No  item  entering  into  the  cost 
of  railroad  operation  has  a  greater  bearing  on  it  than  the  profile,  and, 
therefore,  why  should  not  the  railroad,  which,  by  advantages  of  location 
or  by  the  efficiency  shown  in  the  location  surveys  in  obtaining  a  lower 
grade  line  than  another  railroad,  have  this  advantage  expressed  in  the 
valuation  ? 


Molitor 
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Mr.  The  writer  has  knowledge  of  two  railroads  connecting  two  industrial 

centers.  One  of  these  has  a  grade  line  so  much  lower  than  the  other 
that  the  "movement  expenses"  or  cost  of  conducting  transportation  is 
not  more  than  one-half  that  of  the  other  road,  not  so  wisely  or 
fortunately  situated.  Should  not  the  road  of  the  lower  gradient  be 
given  consideration  in  the  valuation  over  the  road  of  heavier  grades? 
If  valued  for  commercial  purposes,  the  low-grade  line  would  assuredly 
be  valued  higher  than  the  railroad  of  a  higher  grade,  because  its  net 
earning  capacity  is  greater. 

As  the  profile  of  the  road  is  a  physical  feature,  it  would  seem  that 
a  valuation  could  be  placed  thereon.  The  writer  is  not  prepared  to  say 
at  this  time  just  how,  but  that  some  equitable  basis  could  be  arrived 
at  for  determining  the  profile  value  of  a  railroad  is  quite  certain,  and 
it  is  hoped  that  this  subject  at  least  will  bring  forth  an  answer  from 
Mr.  Wilgus. 

The  physical  valuation  of  railroads  now  being  undertaken  by  the 
Federal  Government  affords  a  great  field  for  engineers  in  general,  and 
for  members  of  the  American  Society  of  Civil  Engineers  in  particular, 
and  it  behooves  them  to  study  the  problem  carefully  with  the  view  of 
obtaining  uniform  methods  and  equitable  results,  and  for  such  study 
no  better  text  has  been  offered  than  the  paper  by  Mr.  Wilgus. 
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CEMENT-CONCRETE  PAVEMENTS. 

J.  A.  Johnston,  M.  Am.  Soc.  C.  E. — Great  care  is  requisite  in  Mr. 
order  to  obtain  good  results  in  concrete  pavements.  In  discussing  the  °  °^  °°" 
value  of  such  pavements,  there  is,  of  course,  some  question  as  to 
the  kind  and  amount  of  traffic  they  will  stand.  In  Massachusetts,  in 
190(i.  a  concrete  surface  was  laid  on  a  .section  of  State  highway  in 
the  Town  of  Spencer,  and  stood  the  traffic  remarkably  well.  The  prin- 
cipal objection  was  that  it  was  rather  hard  for  the  feet  of  the  country- 
bred  horses,  which,  if  allowed  to  select  the  traveled  way,  would  turn 
out  on  the  earth  shoulders.  A  bituminous  surface  remedied  this  con- 
dition, and  at  present  the  road  is  giving  excellent  service.  The  section 
mentioned  was  put  down  by  the  grouting  method,  known  as  the  Has- 
sam  process.  On  investigation  it  was  found  that  the  grout  had  pene- 
trated, not  only  6  in.  of  broken  stone,  but  an  additional  2  in.  of 
gravel  sub-surface.  Very  little  trouble  was  experienced  from  disin- 
tergratiun  of  the  concrete  surface;  it  was  confined  principally  to  the 
area  adjacent  to  the  expansion  joints. 

•  At  meetings  held  January  irth  and  ISth,  1913. 
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Mr.  Since  that  time  some  roads  have  been  built  by  mixing  the  concrete 

before  placing.  Care  had  to  be  taken  to  have  the  batch  properly  tem- 
pered, particularly  in  building  on  a  grade.  If  too  v?et,  the  mortar  had 
a  tendency  to  creep  and  form  waves  on  the  surface,  and,  of  course,  a 
dry  mixture  was  not  readily  flushed,  hence  it  was  difiicult  to  get  a  good 
smooth  surface.  The  concrete  was  placed  in  a  single  layer,  and  as  near 
a  mosaic  surface  as  possible  was  desired,  in  order  to  permit  the 
bituminous  material  to  bond  properly.  To  obtain  that  result  various 
methods  were  tried.  After  placing  the  concrete,  dry  stone  was  spread 
over  it,  and  tamped  lightly.  This  worked  well,  but  required  consid- 
erable skill  on  the  part  of  the  men  who  were  spreading  the  broken 
stone.  The  experiment  of  allowing  the  concrete  to  set  for  24  hours, 
and  then  brushing  it  off  with  a  steel  broom,  gave,  perhaps,  the  most 
satisfactory  results. 

There  is  a  tendency  to  use  too  lean  a  mixture  for  concrete  road 
surfaces.  Many  engineers  have  advocated  a  1:3:6  mixture,  but  that 
is  not  rich  enough,  for  concrete  exposed  to  the  traction  of  wheels  and 
blows  from  horses'  hoofs  must  be  very  tough  to  resist  abrasion.  Added 
strength  cannot  be  gained  by  reducing  the  percentage  of  stone  aggre- 
gate, that  is,  assuming  2  parts  of  sand  to  be  the  correct  quantity  to  be 
used  with  1  part  of  cement.  Such  a  mortar  will  fill  the  voids  in  4 
parts  of  stone,  and  no  added  strength  is  gained  by  reducing  the  stone 
aggregate  to  3  parts.  Too  small  a  proportion  of  stone  means  a  large 
percentage  of  mortar,  thus  giving  a  smooth  surface,  which  would  be 
slippery  and  not  desirable. 

The  concrete  pavement  has  the  advantage  of  being  not  only  a 
surface,  but  also  a  foundation.  Though,  of  course,  there  may  be  con- 
ditions where  some  treatment  of  the  sub-surface  will  be  needed,  with 
a  uniform  soil,  in  which  the  frost  action  is  about  the  same  in  all  parts, 
there  is  very  little  difficulty.  If,  however,  the  soil  is  varied,  so  that 
the  frost  will  affect  one  portion  of  the  road  more  than  another,  the 
concrete  will  crack.  It  is  an  unusual  condition  where  such  cracks  are 
serious  enough  to  disintergrate  the  concrete,  and  any  ordinary  cracking 
is  not  material.  This  is  particularly  true  where  concrete  is  coated 
with  a  bituminous  material,  as  the  cracks  are  then  sealed  over  and 
give  no  trouble.  With  concrete,  as  with  all  other  smooth  paving,  the 
surface  is  rather  slippery,  necessitating  care  in  designing  the  maximum 
grades  and  the  camber  of  the  road. 

A  light  bituminous  top  on  a  cement-concrete  base  solves  many  road 
problems.  It  is  reported  that  there  is  much  difficulty  in  making  the 
bituminous  material  stick  to  the  concrete.  In  Massachusetts  success 
has  been  obtained  by  the  following  method:  The  concrete  surface  is 
swept  as  clean  as  possible,  then  sprinkled  with  water,  and  while  still 
wet  covered  with  Tarvia   A,  heated   to  200°    Fahr.   and   applied   at   a 
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pressure  of  not  less  than  70  lb.  per  sq.  in.,  and  at  tlic  rate  of  i  gal.  per       Mr. 

,,  -  mi-.i  1-11  •  Johnston. 

sq.  yd.  of  surface.  Ihis  is  then  covered  with  clean  stone  screenings 
(not  exceeding-  ^  in.  in  diameter  and  from  which  the  flour  has  been 
removed)  spread  at  the  rate  of  0.015  tons  jier  sq.  yd.  of  surface.  This 
is  ajrain  watered,  and  while  still  wet  a  second  1-gal.  coating  of  tar  is 
ajiplied  in  the  same  manner  as  before,  but  covered  with  clean,  gravelly 
sand,  using  0.015  cu.  yd.  per  sq.  yd.  of  surface. 

The  speaker  is  aware  that  the  application  of  tar  on  a  wet  surface  is 
contrary  to  existing  theories,  but  it  has  worked  satisfactorily.  This 
road,  treated  in  August,  1910.  has  cost  to  date,  $15  for  total  repairs  on 
more  than  4  000  lin.  ft.  of  15-ft.  surface,  and  it  has  taken  only  30  gal. 
of  tar  to  replace  such  small  places  as  have  scaled  off.  The  speaker 
believes  the  successful  adhesion  of  the  tar  to  the  concrete  is  due  to  the 
wet  surface  of  the  latter  and  the  high  pressure  used  in  spraying  the 
tar  on  the  road. 

A.  H.  Blanciiard,  M.  Am.  Soc.  C.  E. — Although  cement-concrete  Mr. 
pavements  have  been  used  in  the  United  States  since  1893,  various 
details  of  construction  and  maintenance  are  as  yet  in  an  experimental 
stage.  Many  miles  of  cement-concrete  pavements  have  been  examined 
by  the  speaker,  and  the  only  ones  which  have  been  observed  to  be  free 
from  cracks  are  those  which  have  been  carefully  constructed  by  the 
mixing  method,  and  built  on  a  well-drained,  thoroughly  compacted 
foundation,  with  adequate  transverse  expansion-contraction  joints.  Such 
joints  are  necessary,  if  successful  results  are  to  be  expected,  and  both 
longitudinal  joints  along  the  curbs  and  transverse  joints  should  be 
provided.  If  there  are  no  expansion-contraction  joints,  the  tensile 
strength  of  the  concrete  will  probably  be  exceeded  when  the  concrete 
contracts,  and  the  pavement  therefore  will  crack;  when  it  expands,  it 
will  tend  to  bulge,  and  if  the  expansion  produces  forces  which  are  in 
excess  of  the  compressive  strength  of  the  concrete,  the  latter  will  crush 
at  the  cracks.  It  is  obvious  that  the  edges  of  the  joints  should  be 
protected  from  the  abrasive  action  of  traffic,  and  it  is  likewise  apparent 
that  the  joints  should  be  filled  with  a  material  which  will  provide  for 
movement  between  the  joints  as  the  pavement  expands  and  contracts. 

The  maintenance  of  cement-concrete  pavements  is  difficult,  as  it  is 
necessary  to  keep  traffic  oflF  the  freshly  laid  patches.  It  would  seem 
advisable  to  use  a  bituminous  concrete  for  patching,  and  the  bituminous 
cement  should  be  of  such  a  character  that  the  bituminous  concrete  will 
be  stable  after  thorough  compression  by  tamping  or  otherwise.  Natu- 
rally, a  cement-concrete  pavement  repaired  in  this  manner  will  not  be 
pleasing  from  an  esthetic  standpoint.  However,  this  point  is  not  one 
of  weight,  as  in  all  probability  a  large  percentage  of  cement-concrete 
pavements  constructed  in  the  future  will  be  finished  with  a  bituminous 
surface. 
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Mr.  Sanford  E.  Thompson,  M.  Am.  Soc.  C.  E. — One  of  the  problems 

'  to  be  considered  in  the  construction  of  concrete  pavements  is  that  of 
expansion  and  contraction  due  to  changes  in  temperature.  Contraction 
caused  by  the  lowering  of  the  temperature  produces  cracks,  not  only 
in  concrete  which  is  not  reinforced,  but  also  in  brickwork  or  stone- 
work. In  the  latter,  however,  the  cracks  are  not  apt  to  be  so  noticeable, 
because  they  follow  the  line  of  the  joints. 

Although  it  is  possible  to  reinforce  concrete  pavements  with  steel 
so  that  the  size  of  the  cracks  is  inappreciable,  the  introduction  of  steel 
in  sufficient  quantity  for  this  purpose  is  somewhat  questionable  from 
the  standpoint  of  cost,  and  the  problem,  therefore,  resolves  itself  gen- 
erally into  the  location  of  the  cracks  where  they  are  wanted,  so  that 
they  will  have  smooth  joints  instead  of  rough,  irregular  lines. 

Longitudinal  joints  through  the  middle  of  the  pavement  should  be 
avoided  if  possible.  Sometimes,  it  is  advisable  to  make  a  longitudinal 
joint  on  each  side  of  the  pavement  next  to  the  curb.  The  spacing  of 
joints  across  the  pavement  depends  on  climatic  conditions  and  the 
extremes  of  temperature  that  will  occur  in  the  given  locality.  A  spacing 
of  from  20  to  30  ft.  is  common  practice  in  first-class  construction.  If 
the  concrete  is  laid  in  cold  weather,  at  a  temperature  not  very  much 
above  freezing,  its  tendency  to  contract  is  less,  and  the  cracks  will  be 
apt  to  occur  at  a  greater  distance  apart.  In  some  cases,  this  fact  may 
be  taken  into  account  in  locating  the  cross-joints. 

It  is  possible  to  calculate  quite  closely  the  actual  amount  of  con- 
traction which  will  take  place  during  a  falling  temperature,  and  to 
determine  the  approximate  size  of  crack  that  is  likely  to  open.  The 
coefficient  of  expansion  of  concrete  is  approximately  0.0000055;  that  is, 
for  every  degree  of  fall  in  temperature,  the  concrete  contracts  in  this 
ratio.  Suppose,  for  example,  a  section  of  concrete  is  50  ft.  long,  and 
that  it  is  free  to  expand  and  contract,  the  actual  contraction  caused  by 
a  fall  in  temperature  of  40°  Fahr.,  theoretically,  would  be  0.0000055  X 
40X50^0.011  ft.,  which  is  about  J  in.  In  several  cases  the  speaker 
has  had  occasion  to  check  this  theoretical  contraction  in  actual  con- 
crete structures,  and  has  found  that  it  agrees  closely  enough  for  prac- 
tical purposes.  In  one  case,  for  example,  he  measured  the  contraction 
in  a  long,  reinforced  concrete,  freight  shed  in  which  joints  had  been 
left  at  intervals;  another  case  was  in  a  large  reservoir  bottom,  which 
was  free  to  expand  on  one  side;  a  record  of  the  tests  in  the  Croton 
Dam  has  been  published.* 

The  necessity  for  frequent  joints,  in  the  first  place,  is  to  keep  them 
small  in  size,  and,  in  the  second  place,  to  prevent  irregular  cracks  from 
opening  up  between  them.  There  are  certain  patents  on  the  market  for 
Steel-bound  joints,  which  prevent  chipping  at  the  edges.    It  is  a  ques- 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXI.  p.  399. 
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tion,  however,  whether  it  is  not  more  economical  to  i)lace  the  joints  at       Mr. 
fairly  close  intervals,  except  where  tlie  roaxl  traffic  is  very  heavy. 

The  question  of  expansion  requires  very  little  consideration.  Many 
concrete  pavements  are  built  with  open  joints  filled  with  a  bituminous 
mixture  to  permit  expansion.  In  ordinary  cases,  where  the  pavement 
is  on  a  uniform  jrrade,  this  is  not  necessary,  because  any  expansion 
will  be  taken  up  by  the  concrete  itself,  usually  by  producing  compres- 
sive stresses. 

Many  failures  of  concrete  pavements  are  due  to  the  poor  quality 
of  the  aggregates.  Not  only  must  the  sand  of  the  aggregate  be  clean 
in  appearance,  but  it  also  should  be  subjected  to  actual  test.  Sand 
which  passes  even  close  inspection  has  been  found  in  a  great  many 
cases  to  fail  to  set  properly  in  mortar  or  concrete.  A  very  small,  almost 
insignificant,  quantity  of  vegetable  ma.tter  in  the  sand — a  quantity 
whicli  cannot  be  determined  by  the  eye — may  prevent  the  concrete 
from  hardening.  An  especially  good,  fine  aggregate  is  particularly 
necessary  in  the  wearing  surface  of  a  pavement,  because  of  the  extremely 
hard  usage  to  which  it  may  be  subjected.  It  is  absolutely  necessary, 
therefore,  in  any  pavement  used  as  a  wearing  surface,  to  test  the 
sand.  A  mechanical  analysis  test  is  of  value  to  determine  the  quantity 
of  very  fine  material,  wliich  is  especially  detrimental  to  a.  wearing 
surface.  In  addition,  however,  there  should  always  be  a  test  of  the 
strength  of  the  mortar,  made  up  into  briquettes,  or  cubes,  in  the  pro- 
portion of  1  part  cement  to  3  parts  sand,  and  these  specimens  shoiild 
be  compared  with  similar  ones  made  with  the  same  cement  and  standard 
Ottawa  sand.  For  the  fine  aggregate  for  a  wearing  surface,  the  strength 
of  the  mortar  containing  the  sand  in  question  should  equal  that  of  the 
standard  sajid  mortar. 

E.  H.  TiiOMES,  M.  Am.  Soc.  C.  E. — The  results  obtained  with  the      Mr. 
oil-comoiit,  concrete  section  of  the  experimental  pavements  constructed      '''"^■ 
on  Hillside  Avenue,  Jamaica.  N.  Y.,  in  August,  1911,  by  the  Borough 
of  Queens,   in  co-operation  with  the  United  States   Office  of  Public 
Roads,  may  be  of  interest. 

About  May,  1912,  a  number  of  depressions  from  1  to  2  ft.  in 
diameter,  and  from  ^  to  1^  in.  deep,  had  developed  in  the  surface.  On 
account  of  the  traffic,  it  was  impracticable  to  make  repairs  with 
Portland  cement,  and,  therefore,  this  section  was  covered  with  a  bitu- 
minous seal  coat  of  about  i  gal.  per  sq.  yd.,  applied  by  Tarrant  hand- 
pouring  pots  and  covered  with  sand  and  screenings  (0.01  cu.  yd.  per 
sq.  yd.).  The  whole  section  was  first  thoroughly  cleaned  by  hand-broom- 
ing— ordinary,  factory  brush  brooms — and  the  larger  depressions  and 
expansion  joints  were  painted  with  tar  asphalt,  composed  of  Tarvia  A 
mixed  with  about  15%  of  oil  asphalt.  A  layer  of  .f-in.  stone  was  placed 
in  the  deeper,  and  one  of  dustless  screenings  in  the  smaller,  depressiong. 
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Mr.  The  whole  surface  was  then  covered  with  a  seal  coat.  Tarvia  A  was 
Thomes.  ugg^j  f j-qj^  Station  0  to  Station  0  +  48 ;  tar  asphalt  from  Station  0  +  48 
to  Station  1  +  52  and  from  Station  1  +  67  to  Station  1  +  73 ;  and 
Texas  asphalt  55  from  Station  1  +  52  to  Station  1  +  67.  The  asphalt 
was  applied  first  in  a  thin  paint  coat  of  1  part  asphalt  to  2  parts  gaso- 
line, and  then  covered  with  the  asphalt  cement.  Sand  covering  was 
used  from  Station  0  +  24  to  Station  0  +  80,  screenings  from  Station 
0  to  Station  0  +  24  and  from  Station  0  +  80  to  Station  1  +  28,  and 
dustless  screenings  or  stone  chips  from  Station  1  +  28  to  Station  1  -{-  73. 

In  January,  1913,  the  Tarvia  A  had  scaled  off  in  a  few  spots,  the 
tar  asphalt  was  about  one-third  worn  off,  and  the  asphalt  about  one- 
fifth  gone.  There  is  very  little  apparent  difference  in  the  results 
obtained  with  the  sand,  screenings,  and  stone  chips.  The  sand  appears 
to  give  the  same  result  as  the  stone  chips,  at  one-third  the  expense. 
At  the  deeper  depressions,  the  bituminous  patches  pushed  out  into 
waves  during  the  summer. 

A  2-in.  depression  at  Station  1  +  73  was  cut  out  and  filled  with  3-in. 
creosoted  wood  blocks  with  asphalt-filled  joints.  The  wood  blocks  at 
this  point,  along  the  trolley  track,  and  in  the  two-course  expansion  joint 
at  Station  0  +  97,  have  given  good  satisfaction,  but  they  are  expensive. 

A  traffic  census  taken  May  18th,  19th  and  20th,  1912,  from  7  a.  m. 
to  11  p.  M.,  showed  an  average  daily  traffic  of  3  330  vehicles,  of  which 
90%  was  motor  traffic. 

The  speaker  has  inspected  a  number  of  concrete  pavements  between 
Boston  and  Chicago  and  has  not  seen  any  which  have  been  down  for 
any  length  of  time  and  are  satisfactory  for  heavy  traffic.  Some  of  the 
Blome  pavements  in  Chicago,  Washington  and  New  Haven,  have 
cracked  badly.  Most  of  the  concrete  pavements  in  New  England  have 
cracked  and  worn  in  holes,  and  have  been  coated  with  tar  and  grit. 

A  concrete  pavement  is  defined  by  some  engineers  as  one  having 
a  cement-concrete  wearing  surface,  and  by  others  as  concrete  with  a 
thin  bituminous  wearing  surface.  The  type  referred  to  under  discus- 
sion should  be  clearly  stated. 

There  may  be  places  and  conditions  where  each  type  is  advisable, 
but  it  is  wise  to  proceed  cautiously  with  the  ordinary  class  of  concrete 
pavement,  especially  in  the  climate  of  New  York.  A  good,  rich,  one- 
layer,  concrete  pavement,  uniformly  constructed  with  a  smooth  sur- 
face and  covered  with  a  thin  bituminous  mat,  seems  to  have  some 
advantages.  A  good  example  of  this  type  was  constructed  in  the  summer 
of  1912  by  the  Hassam  Paving  Company  on  the  Jericho  Turnpike, 
on  Long  Island,  about  one  mile  east  of  the  New  York  City  limits. 

Expansion  joints  are  not  advisable  in  grouted  stone  block  or  wood 
block  pavements  in  which  proper  longitudinal  expansion  joints  are 
provided,  and  it  would  seem  that  the  same  should  apply  to  concrete 
pavements. 
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J'liii.ii'  r.   SiiAiii'LES,  Esq.* — In  the  application  of  refined  tars  on       Mr. 
old  concrete  pavements,  the  question  of  adherence  is  very  much  harder      ^'^  ^' 
to  solve  than  in  the  case  of  new  pavements.   On  many  pavements  where 
there  is  u  great  deal  of  dust,  both  brought  on  and  due  to  the  actual 
grinding  up  of  the  concrete,  it  is  extremely  difficult  to  obtain  a  clean 
surface  on  which  to  put  the  tar. 

If  the  pavement  is  dampened  before  the  application  of  the  refined 
tar,  it  is  very  important  that  absolutely  all  traffic  be  excluded  until 
there  has  been  a  chance  for  the  moisture  to  dry  out  from  under  the  sur- 
face of  the  tar.  Otherwise  the  tar  does  not  adhere  well,  loosens,  and 
will  not  give  good  results.  In  dampening  the  pavement  no  free  water 
should  be  left  on  the  top  of  the  concrete,  for  in  that  case,  the  water 
tends  to  float  the  tar,  preventing  a  good  bond.  The  concrete  should 
be  allowed  to  dry  partly,  be  squeegeed  off,  or  treated  in  some  other  way 
so  that  no  excess  of  moisture  remains. 

The  tar  should  be  applied  in  two  thin  coats.  A  slight  coating  of  sand 
or  screenings  over  the  first  coat  is  necessary,  in  order  to  allow  the 
second  coat  to  be  applied.  The  second  coat  is  filled  with  sand,  screen- 
ings or  pea  stone.  In  this  way  a  surface  about  i  or  ^  in.  thick  is  built 
on  top  of  the  concrete.  To  insure  a  good  wearing  surface,  it  is  essential 
to  embed  in  the  tar  a  hard  mineral  matter  which  will  resist  abrasion. 

In  repairing  old  concrete  pavements,  pot-holes  must  be  considered. 
It  is  absolut<'ly  impossible  to  repair  pot-holes  with  cement-concrete  in 
an  economical  way.  It  has  been  found  satisfactory,  however,  to  use 
tar  concrete,  but,  in  doing  so,  it  is  important  to  use  stone  which  will 
be  practically  as  large  as  the  hole  is  deep.  If  fine  material  is  used,  the 
traffic  will  soon  force  the  tar  mixture  out  of  the  hole. 

L.  P.  Sibley,  EsQ.f — It  has  been  suggested  that  the  concrete  should  Mr. 
be  moistened  immediately  before  the  application  of  the  bituminous  '  ®^' 
material.  It  seems  to  the  speaker  that  there  is  a  great  diiference 
between  the  entire  body  of  the  concrete  being  damp,  or  dry,  and  simply 
sprinkling  the  concrete  immediately  before  applying  the  bituminous 
material.  If  the  entire  body  of  concrete  is  damp,  it  seems  as  if  the 
results  must  be  at  least  uncertain ;  but  if  it  is  dry,  the  moisture  caused 
by  the  light  quantity  of  water  sprinkled  on  the  surface  would  be  suf- 
ficiently absorbed  bj-  the  concrete  so  as  not  to  interfere  with  the  bond 
between  the  latter  and  the  bituminous  material.  The  road  should  be 
kept  closed  to  traffic  for  a  few  hours  in  order  to  permit  of  this 
absorption. 

In  the  case  of  bonding  between  two  laj-ers  of  tar,  when  the  first 
layer  has  been  covered  with  screenings  of  sand,  it  is  very  important 
that  these  screenings  be  free  from  dust  or  any  fine  material,  no  particle 

•  Chief   Chemist,    Barrett  Mfg.    Co.,    Bo-ston,    Mass. 

t  Asst.    Eastern   Mgr.,    Barrett   Mfg.   Co.,   New   York   City. 
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Mr.     of  which  should  be  less  than  ^   in.   in  size.    When  the  bond  is  thus 

*"*■  constructed,  there  will  be  no  blanket  of  dust  or  fine  material  over  the 

first  layer  of  tar  to  prevent  the  second  layer  from  uniting  solidly  with  it. 

Mr.  Samuel  Whinery,   M.   Am.   Soc.   C.  E. — In  the  speaker's  opinion, 

'^'  every   concrete   roadway   pavement   should   be  laid   in   two   courses — a 

foundation  and  a  surface  course.    The  same  functions  are  required  as 

in  other  roadway  pavements,  that  is,  strength  to   support  loads,  and 

density  and  hardness  to  resist  surface  abrasion. 

The  surface  course  of  a  concrete  pavement  should  be  compounded 
and  laid  with  something  like  the  same  care,  skill,  and  thoroughness 
as  the  wearing  course  of  an  asphalt  pavement.  As  a  rule,  this  has 
not  been  done.  Where  the  second  or  top  course  has  been  used,  it  has 
been  laid  more  or  less  carelessly,  with  insufficient  regard  to  quality  of 
materials,  imiformity  of  consistency,  and  thorough  work. 

Concrete  pavements  are  not  suitable  for  streets  of  heavy  travel. 
They  should  never  be  used  where  a  foundation  of  4  in.  of  ordinary 
concrete  and  a  surface  course  of  2  in.  of  special  surface  mixture, 
will  not  be  ample  to  carry  the  loads  and  stand  the  abrasion  of  travel. 
There  are,  in  every  city,  a  large  number  of  streets  on  which  a  properly 
constructed  concrete  pavement  will  give  entire  satisfaction.  On  such 
streets  it  will  prove  durable,  dustless,  possess  most  of  the  desirable 
qualities  of  a  first-class  roadway  pavement,  and  give  a  larger  return 
per  dollar  invested  than  any  other  kind  of  pavement. 

The  speaker  agrees  with  Mr.  Thompson  in  regard  to  the  necessity 
of  using  only  the  best  materials,  and  of  giving  special  attention  to  the 
quality  of  the  sand,  which  should  be  thoroughly  tested.  The  hardness 
and  toughness  of  the  stone  used  in  the  top  course  is  also  an  important 
consideration.  The  speaker  specifies  that  the  size  of  the  stone  shall 
range  from  that  which  will  pass  a  screen  of  l|-in.  mesli  to  that  which 
will  be  held  on  a  screen  of  i-in.  mesh.  The  fine  material  and  dust  is 
objectionable,  because  of  its  tendency  to  segregate  in  the  mass  and 
because  its  varying  quantity  is  likely  to  prevent  that  uniformity  of 
mixture  which  is  highly  desirable.  He  requires  that  the  sand  shall  be 
screened,  that  it  shall  be  of  grains  of  such  size  that  75%  of  the  whole 
will  fail  to  pass  the  No.  30  sieve,  and  that  it  shall  be  tested  with  regard 
to  the  strength  of  mortar  made  with  it.  This  is  important  in  view  of 
recent  unsatisfactory  experiences  with  apparently  good  sand.  A  ratio 
of  1  part  of  cement  to  2  parts  of  sand  for  the  mortar  is  probably  rich 
enough.  In  some  recent  specifications  the  speaker  has  called  for  ratios 
of  1:3:6  for  the  foundation  course  and  1:2: 3.75  for  the  surface 
course,  but  in  the  compacted  mass  the  volume  of  mortar  should  exceed 
that  of  the  voids  in  the  stone  by  from  7  to  10  per  cent.  The  ideal  sur- 
face-course mixture  is  one  in  which  the  largest  practicable  ratio  of 
the  mass  is  stone  with  sufficient  strong  mortar  to  hold  the  fragments 
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firmly  in  place.  The  speaker  tries  to  insist  that  this  surface  mixture  Mr. 
shall  possess  great  uniformity  in  composition  and  consistency.  This  "  *' 
requires:  careful  measurement  of  all  the  materials,  including  the  water; 
that  special  care  be  taken  to  prevent  segregation  in  the  mixer  or  on 
the  street;  and  that  it  shall  be  properly  and  uniformly  graded  and  com- 
pressed to  a  true  surface  on  the  street;  in  short,  that  especial  care 
shall  be  taken  to  make  a  concrete  as  nearly  perfect  as  possible. 

It  is  very  important  that  the  surface  course  be  laid  and  tamped  on 
the  foundation  course  before  either  begins  to  set.  This  requires  that 
the  construction  of  the  two  courses  be  carried  on  simultaneously. 

The  surface  course  should  be  finished  with  a  roller,  not  only  to 
perfect  the  consolidation,  but  to  secure  a  true  surface,  which  latter  is 
nearly  as  important  as  in  the  case  of  asphalt  pavement. 

Finishing  the  surface  with  neat  mortar  or  by  troweling  should  be 
lirohibited. 

Our  knowledge  relative  to  expansion  and  cracking  is  as  yet  meager. 
Concrete  pavements  often  crack  where  apparently  ample  expansion 
joints  have  been  provided,  and  frequently  where  least  expected.  Where 
these  natural  cracks  or  joints  occur,  the  wear  along  their  edges,  as  a 
rule,  is  less  than  along  those  of  artificial  expansion  joints.  This  is 
probably  due  to  the  fact  that  the  wood  or  metal  forms  used  for  making 
the  joints  prevent  the  same  uniformity  of  composition  and  density  of 
the  concrete  along  them  as  in  the  body  of  the  work.  To  prevent  this, 
it  is  better  not  to  use  such  joint  forms,  but  to  cut  the  expansion  joints 
through  the  concrete  after  it  is  laid.  It  is  an  open  question  at  present 
whether  it  is  not  better  to  omit  all  expansion  joints  (except  along  the 
curb)  when  the  pavement  is  laid,  and  to  let  the  concrete  select  and 
make  its  own  expansion  (or  rather  contraction)  joints.  These  cracks 
should  then  be  filled  with  bituminous  cement,  after  being  cleaned  out 
as  well  as  possible  with  proper  tools  and  by  water  jets  from  high-pres- 
sure hose. 

The  question  of  the  advisability  of  applying  a  coating  of  asphaltic 
oil  to  the  surface  of  the  pavement,  is  not  yet  settled,  but  there  is  every 
reason  to  believe  that,  if  suitable  material  is  used  and  the  work  is 
properly  done,  it  will  be  decidedly  advantageous. 

Harold  Parker,  M.  Am.  Soc.  C.  E. — A  concrete  pavement  is  most     Mr. 
desirable,  provided  it  is  properly  laid ;  but,  to  obtain  a  uniform  mixture  ^*'■^®'■• 
and   apply   it   uniformly   all   over  the  road  is   a  problem   not  easy  of 
accomplishment. 

To  secure  a  uniform  concrete  mixture  on  a  road,  the  stone  should 
be  of  absolutely  uniform  thickness,  and  rolled  down  so  that  the  road 
is  finished,  as  to  cross-section  and  (juantity  of  stone,  before  any  cement 
is  added.  Whether  mixtures  are  made  on  a  board  or  in  a  machine,  the 
very  fact  that  the  concrete  has  to  be  transported  and  put  on  the  road 
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Mr.  in  batches,  destroys  its  uniformity,  because  of  the  difference  in  the 
■  specific  gravity  of  the  materials  used.  A  perfectly  uniform  road, 
therefore,  is  impossible.  This  can  be  remedied  in  a  measure  by  the  care 
that  is  used  in  making  the  mixture  and  putting  it  down,  but  the  only 
reliable  concrete  road  is  made,  as  the  speaker  has  stated,  by  placing 
the  stone  without  binder  on  the  road  bed  and  rolling  it  thoroughly  be- 
fore the  cement  is  applied. 

A  properly  constructed  concrete  road  is  the  most  indestructible 
surface  that  can  be  built  except  a  stone  pavement.  Wherever  the  traffic 
is  sufficiently  heavy,  or  of  a  character  to  warrant  it,  a  concrete  founda- 
tion should  be  built  for  any  surface. 

The  bituminous  surface  on  a  concrete  road  should  be  applied  in 
very  thin  layers,  as  such  a  coating  can  be  maintained  at  small  expense. 
It  can  be  put  on  under  pressure,  which  gives  a  perfectly  uniform  quan- 
tity of  bituminous  material  at  very  trifling  expense.  A  defect  which 
occurs  in  a  road  thus  treated  is  so  slight  in  elevation  that  it  will  not 
be  felt  by  the  ordinary  traffic  going  over  it,  whereas  a  defect  in  a  top 
surface  of  2  in.  or  more,  soon  becomes  a  material  one,  which  everj' 
vehicle  feels.  It  also  increases  very  fast,  and  disintegration  once  begun 
continues  rapidly. 

Mr.  William  M.  Kinney,  Jun.  Am.  Soc.  C.  E. — From  the  examination 

mney.  ^£  jjjQj.g  than  100  concrete  pavements,  during  and  after  construction, 
in  various  sections  of  New  York,  Pennsylvania,  Maryland,  and  other 
States,  the  speaker  has  come  to  the  conclusion  that  the  use  of  bank- 
run  material  or  crusher-run  limestone  is  almost  sure  to  result  in  fail- 
ure. The  aggregates  should  be  screened  dry  over  a  No.  4  screen,  and 
remixed  in  the  definite  proportions  desired.  A  mixture  of  1  part  of 
cement,  2  parts  of-  sand,  and  3  parts  of  -gravel  or  crushed  stone  (from 
i  in.  to  1  in.  in  size),  will  give  the  best  results  under  general  conditions. 
Though  a  1:2:4  mixture  might  be  considered  better  to  fill  the  usual 
requirement  of  the  ratio  of  fine  to  coarse  aggregate,  the  excess  mortar 
in  a  1:2:3  mixture  will  be  a  distinct  advantage  in  finishing,  and, 
under  most  conditions,  will  be  satisfactory. 

This,  of  course,  presupposes  a  one-course  pavement,  which  shoiild 
be  selected  in  all  cases  where  the  aggregate  available,  in  the  territory 
in  which  the  pavement  is  to  be  constructed,  is  suitable  for  a  wearing 
surface.  Good  practice  would  recommend  the  two-course  pavement 
only  in  places  where  local  aggregate  was  suitable  for  the  base  concrete, 
but  not  for  the  wearing  course.  In  such  cases  the  cost  of  the  pavement 
might  be  reduced  considerably  by  shipping  in  only  enough  of  the 
more  satisfactory  aggregate  for  the  wearing  course. 

The  use  of  steel  trowels  on  a  concrete  pavement  should  be  pro- 
hibited. The  wooden  float  used  after  the  concrete  has  been  struck  off 
to  the  proper  grade  with  a  straight-edge  is  amply  sufficient,  and  does 
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not  draw  the  fine  material  to  the  surface  like  the  steel  trowel.    The      Mr. 
presence  of  fine  material  on  the  surface  is  objectionable  from  the  wear- 
ing? standpoint,  and  also  because  of  increai'cd  slipperiness. 

The  protection  of  the  concrete  from  premature  drying  out  is  an 
important  feature  of  work  of  this  type.  As  soon  as  the  concrete  becomes 
sufficiently  fiiTn,  a  canvas  cover  should  be  spread  over  the  finished 
I)avement  and  kept  moist.  This  cover  may  be  removed  the  next  morn- 
ing, or  earlier,  if  the  concrete  is  sufficiently  hard,  ajid  the  pavement 
covered  with  at  least  2  in.  of  sand  or  dirt  wliich  should  be  kept  sprinkled. 
The  wearing  quality  of  a  pavement,  well  laid  and  of  good  materials, 
is  often  greatly  reduced  by  failure  to  appreciate  this  one  point  of  proper 
protection  to  the  hardening  concrete. 

Regarding  bituminous  coatings  for  concrete  pavements,  there  is 
this  to  be  said  in  general.  The  coating  will  wear  off  sooner  or  later, 
and  conditions  in  the  United  States  are  such  that  we  cannot  hope  for 
tlie  immediate  replacement  of  this  coating.  It  is  essential,  therefore, 
that  the  concrete  be  laid  with  the  same  care  and  attention  as  if  no 
surfacing  were  to  be  applied.  There  is  no  hope  for  a  road  consisting 
of  6  or  7  in.  of  poor  concrete  and  ^  in.  of  tar  or  asphalt  sprinkled 
with  sand.  The  question  of  the  application  of  bituminous  surfacing 
should  be  considered  carefully,  as  it  is  certain  that  methods  of  applica- 
tion which  work  succes-sfully  with  tars  do  not  work  well  with  asphalts, 
and  vice  versa. 

James  Owen,  M.  Am.  Soc.  C.  E. — In  building  the  Plank  Road  from    Mr. 
Newark  to  Jersey   City,   N".   J.,   on   the  salt  meadow  which  had  been     *®°" 
filled   up   to   reduce  the   vibration,    it   became   necessary   to  provide   a 
roadway  during  a  certain  portion  of  the  winter  of  1911-12. 

As  a  matter  of  economy  an  8-in.  concrete  pavement  was  laid,  with 
the  idea  of  allowing  the  traffic  on  it  during  the  winter  and  then  using 
it  in  the  spring  for  a  foundation  for  a  permanent  pavement.  It  was 
about  8  in.  thick  and  about  20  ft.  wide  on  the  fills.  After  the  road 
was  partly  finished  on  top,  traffic  was  allowed  on  it,  with  the  result 
that  the  pavement  was  ground  up  and  went  to  pieces  in  about  three 
weeks. 

At  that  time  the  failure  was  attributed  to  some  details  of  the  con- 
struction and  to  the  very  heavy  travel.  During  the  summer  of  1912 
a  granite  block  pavement  was  laid  on  one  side,  with  cement  grouted 
joints,  under  the  usual  specifications.  The  grouting  went  to  pieces, 
although  the  travel  was  not  allowed  on  it  for  from  10  to  20  days  after 
it  had  been  applied.  It  was  suggested  that  the  vibration  of  the  road 
was  the  cause  of  the  failure  of  both  sections.  It  is  evident  that,  in 
cases  where  there  is  a  possibility  of  vibration,  the  bond  of  the  cement 
will  be  impaired  and  the  efficacy  of  the  work  destroyed. 
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COST  RECORDS  AND  REPORTS. 

Mr.  Nelson  P.  Lewis,  M.  Am.  Soc.  0.  E. — The  subject  of  cost  records 

'^'^'  and  reports  may  be  considered  from  two  aspects,  the  professional  and 
the  scientific. 

There  can  be  no  doubt  of  the  right  of  the  professional  man  to 
profit  by  discoveries  and  inventions  resulting  from  his  own  experi- 
ments and  researches,  provided  he  does  not  in  a  professional  capacity 
advise  the  use  by  his  clients  of  appliances  or  processes  on  which 
he  holds  patents  and  receives  royalties.  The  idea,  however,  that  he 
may  regard  the  results  of  his  observations  and  the  lessons  to  be  drawn 
from  his  own  successes  and  failures  as  his  stock  in  trade  is  repugnant 
to  all  who  appreciate  the  dignity  of  professional  work  and  the  neces- 
sity of  high  professional  ideals.  This  is  especially  the  case  with  one 
who  occupies  a  public  ofiice  and  whose  experiments  are  conducted  with 
public  funds.  It  is  true  that  while  some  are  able  to  profit  by  the 
mistakes  of  others,  there  are,  perhaps,  more  who  must  make  the  same 
mistakes  themselves  before  they  can  learn  to  avoid  them,  and,  un- 
fortunately, there  are  still  others  who  appear  incapable  of  learning 
much  either  from  the  mistakes  of  others  or  from  their  own.  That  is 
no  reason,  however,  why  they  should  not  be  given  the  opportunity  to 
do  so.  Believing  that  the  professional  obligation  of  the  engineer  to 
make  public  the  results  of  his  own  experience  for  the  benefit  of  others 
will  be  conceded,  this  aspect  of  the  subject  will  be  dismissed  without 
further  comment. 

Our  chief  interest,  then,  so  far  ^  as  this  discussion  is  concerned, 
is  the  scientific  value  of  cost  records  and  reports.  If  they  are  unscien- 
tific and  inaccurate,  they  are  worse  than  useless;  they  are  misleading, 
not  only  to  those  who  examine  them,  but  also  to  those  who  prepare 
them.  They  may  be  accurate  as  far  as  they  go,  and  still  be  unsci- 
entific and  all  the  more  dangerous  because  they  bear  on  their  face 
certain  evidences  of  painstaking  accuracy,  while,  owing  to  their  fail- 
•  ure  to  give  the  precise  circumstances  under  which  the  work  was  car- 
ried out,  the  omission  of  overhead  or  other  charges,  and  especially 
owing  to  a  disposition  to  ignore  certain  unsatisfactory  features  of  the 
completed  work  due  to  carelessness  or  lack  of  foresight,  which  the 
engineer  in  responsible  charge  is  reluctant  to  admit,  erroneous  con^ 
elusions  are  likely  to  be  drawn. 

The  aim  of  the  speaker  in  these  introductory  remarks  will  be,  not 
to  suggest  certain  forms  of  cost  records  and  reports,  but  to  outline 
briefly  some  of  the  fundamental  considerations  which  should  govern 
their  preparation  and  publication.  First,  we  must  draw  a  sharp  dis- 
tinction between  cost  records  and  accounting — two  very  different 
things.  The  main  object  of  accounting  is  to  permit  of  intelligent 
bookkeeping,  to  distribute  the  different  items  of  cost  among  various 
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accounts  or  appropriations,  to  know  about  how  much  the  work  has  Mr. 
cost,  and  to  distribute  that  cost  with  a  refinement  and  an  apparent 
accuracy  that  will  delight  the  heart  of  the  accountant.  If  some  items 
are  found  to  have  been  charged  up  in  a  manner  inconsistent  with  the 
principles  laid  down  by  men  who  have  never  done  any  real  constructive 
work,  there  is  ground  for  caustic  criticism,  an  opportunity  for  which 
is  often  productive  of  holy  joy,  which,  however,  is  judiciously  ex- 
pressed in  terms  of  indignation. 

The  object  of  cost  records,  on  the  other  hand,  is  to  determine  how 
much  the  work  is  costing,  and  to  check  or  correct  leaks  here  or  there, 
which  may  be  due  to  improper  organization  or  to  ill-adapted  plant 
or  equipment.  Such  defects  will  not  only  add  to  the  cost  of  the  work, 
but  they  are  frequently  of  such  a  character  as  to  impair  its  quality 
when  finished.  Of  course,  when  an  intelligent  system  of  cost  records 
is  first  introduced,  it  cannot  be  expected  to  have  an  immediate 
effect  on  the  particular  job  to  which  it  is  first  applied.  It  will, 
however,  indicate  where  improvement  can  be  effected,  and  it  should 
not  be  long  before  the  system  can  be  perfected  so  that  the  engineer 
can  put  his  finger  on  the  weak  spots  very  quickly  and  correct  the 
trouble  before  the  record  for  the  entire  job  shall  have  been  spoiled. 

Road  construction  and  maintenance  are  usually  paid  for  from 
public  funds,  and  the  engineer  in  charge  of  such  work  is  almost  in- 
variably hedged  about  with  legal  restrictions  and  limitations,  which 
have  been  placed  on  his  authority,  particularly  as  to  the  control  of 
labor  and  his  inability  to  buy  in  the  cheapest  market  or  to  secure 
needed  materials  or  supplies  promptly  in  an  emergency.  It  is  not 
unnatural,  under  these  circumstances,  that  he  should  come  to  regard 
cost  records  as  of  academic,  rather  than  of  practical,  interest  and 
value. 

In  the  si)eaker's  opinion,  there  is  nothing  that  will  operate  more 
effectually  to  remove,  or  at  least  mitigate,  these  restrictions  and  limi- 
tations than  an  accurate,  scientific  presentation  of  the  facts,  with  the 
reasons  why.  Even  in  the  public  service,  it  will  be  possible  to  select 
a  certain  number  of  skilled  and  common  laborers  who  are  fairly  effi- 
cient, and  if  these  can  be  grouped  together  and  the  results  obtained 
with  them  compared  with  those  of  a  gang  of  less  industry  and  capacity, 
and  the  responsibility  for  low  efficiency  and  greater  cost  clearly  and 
publicly  placed  where  it  belongs,  it  is  not  unlikely  that  popular  opin- 
ion will  soon  insist  that  the  man  who  is  responsible  for  results  will 
be  given  a  chance  to  produce  them. 

Efficiency  is  an  impressive  sort  of  word,  and  efficiency  engineering 
sounds  like  a  particularly  dignified  and  useful  branch  of  the  Engineer- 
ing Profession.  It  has  naturally  attracted  a  considerable  number 
of  men,  many  of  whom  have  had  little  actual  experience  and  whose 
capacity  for  destructive  criticism  is  far  more  conspicuous  than   their 
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Mr.  ability  to  do  constructive  work.  It  would  be  a  great  mistake,  how- 
■  ever,  to  conclude  that  efforts  to  promote  efficiency  are  not  worth  while. 
They  are  worth  while,  provided  they  result  in  a  decrease  of  the  actual 
unit  cost  of  work  and  at  the  same  time  improve  its  quality.  Unless 
this  is  the  result,  "the  game  is  not  worth  the  candle."  If  cost  records 
do  not  point  the  way  to  economy  without  sacrifice  of  quality,  they 
have  only  an  academic  value  and  are  not  worth  while.  If  reports  con- 
tain only  a  record  of  the  number  of  contracts  which  have  been  let, 
the  names  of  the  contractors,  and  the  amounts  expended  from  each 
account,  with  the  unexpended  balances  in  each,  they  have  no  engineer- 
ing value.  If  they  are  framed  so  as  to  make  a  favorable  showing  of 
the  quantity  of  work  done  in  a  given  time  and  a  low  cost  per  square 
yard  or  per  mile,  and  at  the  same  time  omit  data  which  might  indi- 
cate that  these  results  were  accomplished  at  the  sacrifice  of  quality, 
and  if  they  lay  emphasis  on  the  successes  and  ignore  the  failures,  they 
are  dishonest. 

Cost  records  of  road  work  should  indicate  as  clearly  as  possible 
the  proportion  of  the  expense  chargeable  to : 

1. — Permanent  betterments,  such  as  land  purchases,  grading,  the 
improvement  of  lines  and  grades,  masonry  and  steel  bridges,  and 
culverts.  This  part  of  the  work  once  done  may  be  considered  perma- 
nent or  siifficiently  durable  to  outlast  more  than  a  single  generation. 

2. — Curbing,  gutter  pavement,  fencing,  guard-rails,  wooden  bridges, 
concrete  foundation,  planting,  etc..  all  of  which  may  need  periodical 
repairs,  but  will  probably  last  twenty  years  at  least. 

3. — The  road  surface,  which  will  begin  to  deteriorate  at  once,  and 
will  need  constant  attention  and  periodical  renewal. 

For  each  piece  of  work  the  records  should  include : 

1. — The  character  and  first  cost  of  the  materials; 

2. — Cost  of  delivery  on  the  work,  with  kind  of  transportation  and 
distance  hauled; 

3.— Cost  of  labor  of  all  classes,  and  the  quality  of  the  same; 

4. — Cost  or  present  value  of  plant  and  equipment,  with  allowance 
for  depreciation  due  to  the  work  under  construction  and  not  previ- 
ously marked  off; 

5. — All  overhead  charges,  including  engineering  and   inspection; 

6.— The  cost  of  bonds,  permits,  etc. ; 

Y. — All  delays  due  to  weather,  failure  to  receive  materials,  strikes, 
or  other  causes; 

8. — A  precise  description  of  the  methods  used  and  of  the  surface 
treatment  of  the  road; 

9. — A  statement  as  to  the  results  obtained,  the  probable  causes  of 
failures  or  unsatisfactory  work,  and  the  means  used  to  correct  or 
remedy  them; 
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10. — The  manner  in  wliicli  the  funds  to  pay  for  the  work  are  raised,     Mr. 
whether  by   cash   appropriations,   by   the   issue  of  bonds,   with   length 
of  term  and   rate  of  interest,  or  by   money   advanced   in  anticipation 
of  the  collection  of  assessments  for  benefit. 

Although  this  brief  outline  may  have  contributed  nothing  of  value, 
it  is  hoped  that   it  will  serve  the  purpose  of  an  introduction. 

L.  L.  Tkihus,  M.  Am.  Soc.  C.  E. — The  value  of  cost  records  is  well    Mr. 
illustrated  in  the  Borough  of  Richmond,  City  of  New  York.   In  organiz-    "  ^ 
ing  its  work  the  following  queries  were  considered: 

1.  What  is  really  needed  to  be  done? 

2.  Was  similar  work  done  in  preceding  years  necessary  ? 

3.  What  had  such  work  cost  locally  and  in  other  places? 

4.  What  should  it  cost? 

5.  How  can  appropriations  and  expenditures  be  controlled,  so  as 

to  secure  work  needed  and  at  proper  cost? 

Some  few  years  ago,  the  City  of  New  York  as  a  whole  felt  that,  in 
connection  with  its  highways  and  sewers,  there  was  a  lack  of  reliable 
information  on  which  the  appropriating  bodies  could  act.  From  its  cost 
records,  maintained  for  years,  and  practically  the  only  ones  in  the  city, 
the  Borough  of  Richmond  furnished  most  of  the  information  from 
which  appropriations  were  made  thereafter  for  work  throughout  the 
Greater  City. 

In  carrying  out  the  t)lans,  if  a  certain  class  of  work  costs  less  in 
one  district  than  in  another,  an  investigation  is  made.  If  the  difference 
is  large,  there  is  some  special  reason  for  it,  and  the  records  usually 
show  what  that  reason  is,  because  conditions  as  to  haul,  temperature, 
and  a  number  of  other  items  which  have  an  influence  in  the  destruction 
or  preservation  of  roads  and  sewers  and  in  their  maintenance,  are 
known. 

The  speaker  can  testify  that  cost  records  and  intelligent  reports, 
with  the  giving  of  needed  information  to  the  men,  produce  results  of 
economic  value,  fully  within  the  term,  "efliciency,"  as  defined  by 
Mr.  Lewis. 

W.  W.  Crosby,  M.  Am.  Soc.  C.  E. — With  the  growing  demand  for  Mr. 
efficiency  in  all  engineering  work,  with  the  increase  in  attention  gen-  Crosby, 
erally  to  this  feature,  and  with  the  recognition  of  the  dependence  on 
the  factor  of  cost  or  expense  for  measuring  the  value  of  the  results, 
it  seems  to  have  become  necessary  to  regulate  somewhat  the  acqui- 
sition and  reporting  of  cost  data.  Up  to  the  present,  not  only  have 
the  costs  of  details  of  road  work  been  almost  as  variously  reported  as 
there  were  reporters  or  details,  but  a  similar  variation  has  also  existed 
in  the  statements  of  costs  of  the  work  in  the  aggregate  or  as  a  whole. 

For  instance,  if  one  desires  to  know  what  the  total  expense  per  mile 
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Mr.  has  been  to  the  State  of  Massachusetts  for  its  completed  State  roads, 
and  how  that  same  cost  unit  of  New  York  compares  with  the  Massa- 
chusetts figures,  no  satisfactory,  or  even  approximately  correct,  answer 
can  be  had,  because  of  the  different  systems  used  in  accounting  for 
the  road  funds  of  the  two  States.  The  speaker  had  occasion,  a  year 
or  more  ago,  to  compare  the  cost  per  mile  of  the  preliminary 
road  surveys  and  plans  in  Maryland  with  those  of  some  other  State 
doing  similar  work,  but  he  was  able  to  find  only  two  instances  in  the 
country  where  even  approximate  costs  of  this  item  could  be  had,  one 
of  these  being  a  "post-mortem"  by  a  special  committee  engaged  for 
the  purpose. 

Take  the  simple  case  of  a  single  item  of  road  work — that  of  water- 
bound  macadam.  Speakers  here  and  reporters  elsewhere  have  vari- 
ously calculated  it,  in  some  cases  naming  simply  the  price  paid  to  a  con- 
tractor; in  others,  where  the  work  was  done  by  "force  account"  and 
the  machinery  was  rented,  the  rental  actually  paid  for  the  machinery 
was  included,  but  no  depreciation,  profit,  or  overhead  charges  were 
embraced  in  the  figures;  and,  in  still  other  instances,  where  perhaps 
the  machinery  was  owned  by  the  authorities,  no  allowances  for  it, 
nor  even  for  the  supervision,  were  calculated  in  the  costs  given.  Yet 
the  effort  was,  and  is  frequently,  made  to  draw  close  comparisons 
between  the  resulting  "cost"  figures  obtained  by  each  method. 

The  speaker  took  occasion  two  years  ago  to  invite  attention  to 
the  importance  of  this  matter,  because  of  the  readily  apparent  inter- 
est manifested  in  the  statements  of  costs  made  by  the  various  speakers. 
Further,  it  will  probably  be  admitted  that  the  satisfactory  selection 
of  a  pavement  to  meet  any  local  conditions  will  be  largely  affected,  if 
not  determined,  by  proper  consideration  of  the  cost  factors.  Hence 
the  importance  of  accuracy  in  arriving  at  the  arithmetical  equivalent 
of  these  factors  in  the  equation;  and  the  narrower  the  margin,  the 
greater  the  necessity  becomes. 

To  avoid  being  misunderstood  and  considered  perhaps  as  a  "hair 
splitter,"  allow  the  speaker  to  state  that  exactness  in  this  matter  is 
not  his  goal,  but  rather  "relative"  accuracy.  That  is,  he  believes  that 
almost  all  values  are  relative;  that,  in  road  matters,  their  dependence 
on  other  factors,  such,  for  instance,  as  traffic,  weather,  and  other  con- 
ditions— impracticable  of  either  exact  determination  or  expression — 
relieves  the  necessity  of  absolute  exactness,  and  that  ordinary  accuracy 
and  uniformity  are  all  that  are  necessary  or  desirable  for  purposes 
of  satisfactory  comparison,  which  is  the  end  desired. 

Therefore,  in  the  interest  of  uniformity  and  for  general  benefit, 
attention  is  invited  to  the  system  for  the  accounting  of  road  expendi- 
tures established  in  Maryland  in  the  spring  of  1912  by  the  speaker  with 
the  assistance  of  a  reputable  firm  of  expert  accountants  (Haskins  and 
Sells,  of  New  York).     Although  complete  information  in   the  matter 
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could  not  be  appropriately  given   on   this  occasion,  the  principles   in-     Mr. 
volvod  may  be  indicated  briefly.    They  are:  '^**^  ^' 

First. — Charge  to  any  item  all  the  expenses  that  can  be  accu- 
rately determined  as  belonging  properly  to  that  item. 

Second. — Charge  to  any  item  the  cost  of  tools,  materials,  ma- 
chinery, etc.,  consumed  by  that  item.  In  the  cases  of  tools 
or  machinery  having  a  life  greater  than  their  period  of  use 
for  any  item,  then  charge  to  that  item,  in  lieu  of  deprecia- 
tion, rent,  interest,  etc.,  a  flat  rate  of  5%  per  month  (or 
if  preferable  for  any  reason,  0.2%  per  day)  for  the  time 
used  on  the  item  in  question. 

Third. — Such  expenses  as  are  imassignable  clearly  to  any  items, 
or  indivisible  among  a  group  of  items,  are  to  be  pro-rated 
among  such  items  or  groups  in  the  proportion  that  the  indi- 
vidual totals  of  the  costs  directly  chargeable  to  such  items 
or  groups  bear  to  the  aggregate  of  such  direct  charges. 

Tliese  principles  can  be  carried  into  the  details  of  the  work 
as  far  as  desired.  If  carefully  applied,  they  seem  to  permit  of  suffi- 
ciently accurate  results  to  enable  comparisons  of  cost  to  be  made 
intelligently,  a  thing  now  most  difiicult,  if  not  impossible,  between 
different  localities  not  under  identical  authorities. 

Two  of  the  principles  may  seem  to  be  simple  and  not  new;  but  the 
speaicer  has  found  only  one  or  two  instances  of  even  an  approach  to 
uniformity  in  their  application,  though  he  has  searched  far  and  wide. 

The  second  principle,  regarding  charges  for  machinery,  is  prob- 
ably the  most  novel  of  the  three.  It  will  not  be  disputed  that  a  charge 
should  be  made  for  tools  and  machinery,  but  what  this  charge  should 
be.  and  how  it  should  be  applied,  may  cause  some  discussion.  The 
rate  suggested  by  the  speaker  corresponds  fairly  closely  with  prices 
secured  by  private  owners;  it  is  simple  and  convenient,  and  to  the 
speaker  does  not  seem  to  be  unfair.  He  admits  that  it  will  probably 
seem  too  high  at  first,  but  after  experience  with  the  relatively  short 
life  of  road  machinery,  the  desirability  of  keeping  it  in  first-class 
condition,  the  length  of  time  it  is  frequently  idle,  consideration  of 
interest  charges,  obsolescence,  etc.,  he  thinks  the  rate  suggested  is 
wise  and  safe.  It  should  be  stated,  perhaps,  that  this  5%  per  month 
is  in  addition  to  bills  for  minor  repairs  which  are  chargeable  to  the 
work  directly. 

In  illustration  of  the  application  of  the  foregoing,  the  speaker  sub- 
mits two  graphical  representations  of  the  subdivision  of  cost  or  ex- 
pense into  items  of  ordinary  use — Tables  1  and  2.  Table  2  shows  the 
figures  and  percentages  for  each  item  or  group  of  items  in  relation 
to  the  total  of  each  group,  and  of  the  whole  expense  of  the  State  Roads 
Commission  of  Maryland  for  4  years  (190S-"09-'10-'ll),  aggregating 
$4  250  000. 
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Mr  He  also  submits  a  subdivision  (Table  3),  on  the  same  basis,  of  the 

'"''^  ^'  part  of  this  expense  for  completed  work,  showing  its  division  between 
the  physical  items  ordinarily  reported  by  the  various  authorities,  and  of 
general  public  interest. 

TABLE  1. 


Administration  and  Legal. 


Engineering.  General. 


1 


f  Commission's  (or  Board's)  Salaries  and  Expenses. 
Commission's  (or  Board's)  Office  Force,  Salaries. 
-I   Commission's  (or  Board's)  Office  Expenses, 
i  Commission's  (or  Board's)  Counsel,  Salaries,  Fees 
[         and  Expenses. 

c  Chief  Engineer's  Salary  and  Expenses. 
Chief  Kngineer's  Office  Employees'  Salaries. 
Chief  Engineer's  Office  Expenses. 
Chief  Engineer's  Instruments  and  Repairs. 
Chief  Engineer's  Laboratory  Investigations. 

Engineers  in  Charge— Salary  and  Expenses. 
Preliminary  -!   Survey  Parties— Salary  and  Expenses. 

* 1   Office  Employees'  (Draftsmen,  etc. )  Salaries. 

Office  Expenses,  Stakes,  etc. 

Engineers  in  Charge— Salaries  and  Expenses. 

Office  Employees— Salaries. 

Office  Expenses. 

Inspectors— Salaries  and  Expenses. 

Superintendents— Salaries  and  Expenses. 

Foremen,  Labor.  Teams,  etc..  Pay  of  Advertising. 

Materials  Consumed.  Expense  for. 

Use  of  Equipment,  Rental  for  and  Repairs. 

Rights  of  Way  and  Damages. 

Advertising. 

Miscellaneous. 


Construction. 
(Reconstruction)  (Maintenance) 


Equipment 


f  Expense  for. 
Transportation  of  and  Establishment. 
Renewals  and  Depreciation. 
Salaries  "f  Men  in  Charge  of,  etc. 


In  reference  to  this,  let  it  be  said  that  it  was  fully  realized  that 
seldom,  if  ever,  are  two  appropriations  made  along  identical  lines,  and 
that  there  will  always  be  a  necessity  for  accounting  for  the  funds 
separately.  Provision  has  been  made  for  this  matter,  also,  in  the 
new  Maryland  system,  and  those  interested  in  the  bookkeeping  are 
referred  to  the  recent  Report  of  the  Roads  Commission  for  further 
information  on  this  point. 

The  foregoing  is  applicable  to  the  records  and  compilations  of  the 
first  cost  of  road  work.  As  to  the  final  cost  of  any  particular  piece 
of  work,  it  is  evident  that  such  is  the  sum  of  the  first  cost  and  the 
maintenance  and  interest  charges,  or  the  "long-run  cost." 

The  "long-run  cost"  the  speaker  conceives  is  made  up  thus: 

Interest  on  first  cost.    (When  first  cost  is  met  by  bonds.) 
Sinking  fund  charges.     Ton: 
Maintenance  expenses    I     Surfacing, 


Long-run  cost  < 


(made  up  periodical- 
ly along  lines  pre- 
scribed above  for 
first   costs). 


^ 


Earthwork, 

Culverts,  bridges,  and  drains 

separately,  and 
Total. 
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TABLE  2. 


Mr. 
Crosby. 


Administration 
and  Legal 
$62  910.51 
1.4  per  cent. 


Engineering 

(Jeneral 
856  318.72 
1.3  per  cent. 


Preliminary         i 

and  I 

Construction  < 

$4  126  911.46 

93.3  per  cent 


Reconstruction 
and  I 

Maintenance  I 
J128  949.47       i 
2.9  per  cent. 


Equipment 

S47*W..3« 
1.1  per  cent. 


Engineering 
$5G0.")6.90 
1.3  per  cent. 

Preliminary 

$£9  907.12 
1.5  per  cent. 


Construction 
84  010  947.44 
97.2  per  cent. 


Engn'neering 

$14  293.25 
11.1  per  cent. 


Commission  Salaries  and  Ex- 
penses   50.83 

Commission  Secretary  and  Office 

Employees'  Salaries 23.41 

Commission  Office  Expenses 16.33 

Counsel's  Salary,  Fees  and  Ex- 1 

penses 9.93 

Engineer's  Salary  and  Expenses  27.81 

Office  Kmplovefs'  Salaries 28.62 

Office  Expenses 37.49 

Shop  r>abor  and  Material [  5.01 

Tests  and  Investigations |  1.07 

Engineer's  Salary  and  Expenses  27.96 
Engineer  Inspector's  Salary  and 

Expenses 38.53 

Office  Employees'  Salaries 31 .54 

Office  Expenses [  1.97 

Survey  Parties '  34.06 

Draftsmen 65.94 


Rights  of  Way  and  Damages. . . 

Grading 

Surfacing 

Bridges  and  Culverts 

Drains 

Advertising 

Inspection 

Superintendence 

Final    Surveys,  Estimates   and 

Plans 

Miscellaneous 

United      Railways    Company's 

Work 


Engineers'  Salary  and  Expenses 
Engineer  Inspector's  Salary  and 

Expenses 

( )fflcp  P'.mployees'  Salaries 

Office  Expenses 


6.91 
15.45 
.56.10 
12.65 
1.20 
0.07 
2.44 
0.40 

0.03 
0.37 

4.38 

19.07 

50.82 
23.93 
6.18 

33.65 


f  j  Labor  and  Materials 

Reconstruction  |   Team  Hire  and  Use  of   Equip 

$16378.92       -I       mei.t 21.46 

12.7  per  cent.    I    Superintendence 32.20 

[  jlnspection 12.69 

22.20 
57.81 


Maintenance 
$98  277.30 
76.2  per  cent 


Construction 
Maintenance 


f I Labor 

I    Materials 

J  Team  Hire  and    Use  of  Equip- 

]       ment 

1   Superintendence 

[  Inspection 


Reconstruction 


13.66 
5.77 
1.06 


Rental  charge  for  average  time  at  5% 

per  month  equals 

Rental  charge  for  average  time  at  5% 

per  month  equals 

\  Rental  charire  for  average  time  at  5% 
■(       per  month  equals 


$    31  666.42 

14  728.05 
10  273.71 

6  242.33 

ir>  660.59 

16  118.02 
21  116.22 

2  820.29 
603.60 

15  675.81 

21  598.72 

17  680.85 

1  101.52 

20  405.63 
39  501.49 

277  157.76 
619  6.52.83 
2  2.50  318.16 
507  214. :« 
48  103.13 

2  9:6.87 
97  677.18 

16  242.81 

1  100.00 
14  789.26 

175  705.11 

2  725.21 

7  2R3.66 

3  421.05 

883.  as 

5  512.12 

3  .515.02 
5  2:4.14 
2  077.64 

21  820.41 
56  320.75 

13  419.10 
5  675.98 
1  041.06 


14  563.00 
595.00 
800.00 


Note.— The  figures  in  this  table  are  given  to  show  the  actual  distribution  of  the 
total  ex[ienditures  bv  the  State  Roads  Commission  to  December  31st,  1911.  The  segrega- 
tion into  items  of  work  done  is  given  ou  pages  28,  29,  30,  and  31  of  the  report. 
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Mr  TABLE  3. — Subdivision  of  Expenditures  by  the  State 

^'■**^''y-  in  the  Years  1908 


d 

1 

o 

O     . 

Description. 

i 

2 
o 

CONSTRUC 

d 

o 
O 

>>T3 

2  « ,^ 

o  .«  * 

Grading. 

Surfacing. 

Bridges 

and 
culverts. 

Under- 
drains. 

"Si  ate  Roads" 

"State  Aid  Roads". . . 
"Roads  and  Bridges" 
"State  Road  No.  1".. 

153.13 

26.89 

13.28 

0.55 

$11651.93 

2015.15 

1  607.62 

123.63 

$269  407.14 

59  656.02 

23  234.62 

903.53 

$1042  058.56 
164  107.58 
123  377.54 
20  928.11 

$139205.94 

493-20.26 

12446.72 

287.04 

$27432.64 

3786.70 

1 502.28 

482.31 

Totals 

193.85 

$15398.33 

$353201.31 

$1:350  471.79 

$201 259.96 

$33203.93 

Consequently,    for    recording   the   long-run   costs    in    Maryland,   cards 
were  designed  as  shown  by  Table  4. 

Lest  it  be  thought  that  the  speaker  has,  by  his  suggestions,  simply 
added  work  and  expense  to  the  State  highway  authorities  for  the  sole 
purpose  of  furnishing  engineers  with  more  accurate  data,  perhaps  to 
an  inappreciably  good  end,  he  may  state  that,  on  the  contrary,  the 
revision  of  the  accounting  system  of  the  Maryland  Roads  Commis- 
sion has  resulted  in  at  least  two  direct  benefits : 

First. — The  accounts  now  kept  give  dependable  information  on 
all  points  likely  to  arise,  and  give  it  clearly,  readily,  and  accu- 
rately; and  it  has  b^en  possible  to  secure  easily  and  quickly 
from  these  accounts  such  information  on  other  less  usual 
points. 

Second. — The  annual  expense  of  keeping  the  books  of  the  Mary- 
land Commission  has  been  reduced  by  60%  or  more. 

The  speaker  believes  that  the  Maryland,  system  as  adopted  is  readily 
applicable  to  other  communities,  and,  when  thus  applied,  would  gen- 
erally be  found  to  be  beneficial.  The  particular  point  he  wishes  to 
make  is  that  far  greater  uniformity  than  at  present  exists  in  cost 
recording  and  reporting  is  now,  not  only  desirable,  but  necessary,  if 
as  engineers  we  are  to  be  able  to  do  our  full  duty. 

Connected  with  the  foregoing,  concerning  cost  figures,  the  speaker 
has  some  records  of  expenditures  and  of  traffic  on  a  particular  road, 
which  records,  together  with  some  deductions  or  conclusions  of  his  own, 
he  submits,  as  follows: 

The  experimental  pitch-macadam  pavement  on  Park  Heights  Ave- 
nue, near  Baltimore,  Md.,  is  now  entering  its  fourth  year  of  service. 
Some  of  the  sections  were  completed  during  the  summer  and  autumn 
of  1909   (Sections  1  to  9  and  19  to  27,  inclusive),  and  others  during 
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Roads  Commission  of  Maiiyi-and  koi;  ('omi'lktkd   lioAOs 
TO  11(12.  Inclusive. 


Mr. 

Crosby. 


.2     fl? 

5  B  S  « 

a*  ~~ 


1)  O 


Total. 


Cost 
per 
mile. 


S:^r  .5:W .  25  $7  S21 .  39  81 .5;«  61 5 .  Rt  $10  021 .65 

llWl.:iH     12,35.51       291962.60    10857.67 

2  124.90       212.56       164  506.24     12  387.52 

736.72         51.48.        23  512.82    42  750.58 


$.52  341.35 


$8  820.94  $2  014  597.51 , $10  387.40 


OS 


tfS 


Total, 
meludiiipr 
rights  of 
way  and 
damapes. 


$3  032.09  $1  5:^7  647.94 

I      291  962. (» 

1  915.85'      166  422.09 
I        23.512.82 


$4  947.94  $2  019  545.45 


S2« 


Total  cost 
of  road. 


Cost  per 
mile. 


$70088.24  $1  (i07736.18l$10499.16 


131K9.8i(,  305152.49 
7582.931  174  005.(12 
1077.08        24589.90 


$91938.14  $2111  483.59 


113-48.1'; 
13  102.79 
44:06.91 


$10892.36 


the  working  season  of  1910.  It  is  thought  that  sufficient  experience 
has  been  had  with  most  of  these  sections  to  warrant  some  study  of  the 
costs,  and  that  such  a  study  will  be  profitable. 

Full  descriptions  of  the  con.struction  have  already  been  published,* 
and,  therefore,  need  not  be  repeated  here. 

The  expenditures  on  the  twenty-six  sections  of  pitch-macadam,  on 
the  two  surfaces  treated  with  pitch,  and  on  the  single  section  treated 
with  "Ghitrin,"  are  given  in  Table  5.  The  travel  censuses,  showing 
the  character  and  extent  of  the  traffic  on  the  road,  are  given  in  Table  6.f 

On  account  of  the  rebuilding  of  Sections  1  and  3  late  in  1911  (com- 
pleted early  in  1912),  it  is  thought  best  to  omit  these  two  sections  from 
detailed  consideration  now,  simply  remarking  that  at  present  they  are 
in  fair  condition,  their  defects  seeming  to  be  due,  mainly,  to  a  slight 
excess  of  pitch  in  spots,  probably  from  the  use  of  too  much  material  as 
a  flu.sh  coat.  iSection  11-A  may  also  be  omitted  as  of  little  value  for 
deduction-s,  as  it  was  an  emergency  section  pitched  with  an  unrecorded 
mixture  of  a  variety  of  pitches  happening  to  be  available  under  the 
exigencies  of  the  occasion. 

Let  it  be  assumed  that,  in  the  consideration  of  the  expenditures 
for  the  pitch  work,  the  expenses  for  resurfacing  the  old  macadam, 
or  for  putting  it  in  condition  to  receive  the  pitch  treatment,  do 
not  enter;  that  the  unrecorded  (and  difficult,  if  not  impossible,  to  esti- 
mate) saving  from  not  water-binding  this  macadam  resurfacing  can 
be  neglected;  and  that  the  maintenance  expenditures  on  the  shoulders, 
earth  side-road,  and  ditches  should  be  eliminated  where  separable.  Then 
Table  7  shows  the  net  charges  on  the  pitch-macadam. 


•  Traruactiona,  Am.  Soc.  C.  E.,  Vol.  LXXIII,  p.  74  ;  and  Vol.  LXXV,  p.  598. 

+  An  explanation  of  the  "Factors"  used  may  be  found  in  'A  Simplification  of  Traffic 
Censuses  for  Purposes  of  Comparison."  Thj-  Surveyor  (London),  March  loth.  1911,  p.  3&1 ;  or 
Municipal  Engineering,  March,  1911,  p.  167. 
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The  chargres  do  not  include  any  allowances  for  "Overhead  Expenses,"  q^^'',^ 
"Administration,"   or  "Engineering,"   but  cover   all  expenses   for  ma- 
terials, labor,  inspection,  tools,  etc.,  on  the  work,  rental  (or  allowance 
therefor)    on  machinery   used,   etc.,   and   in   make-up   follow  the   lines 
adopted  for  accounting  by  the  State  Roads  Commission  of  Maryland.* 

The  following  conclusions  are  drawn  from  these  data  and  the 
speaker's  experience  with  the  work  and  its  results : 

Section  20,  having  been  newly  resurfaced  with  a  fairly  hard  limestone 
water-bound  macadam  in  1909,  and  having  shown  by  the  summer  of 
1910  a  tendency  to  serious  deterioration  under  the  travel  on  it,  and 
since  the  latter  date  having  been  treated  (as  apparently  necessary) 
with  ''Glutrin,"  and  now  being  in  fully  as  good  condition  as  before 
the  treatment  was  begun,  the  speaker  is  of  the  opinion  that: 

(a)  A  12-ft.,  water-bound,  limestone  macadam  will  not  support  suc- 
cessfully travel  aggregating  400  units  per  average  day  of  10  hours, 
and  where  60%  of  the  total  travel  is  that  of  motors. 

(h)  Such  a  road  surface  can  be  made  to  sustain  such  travel,  with 
physical  satisfaction,  by  treating  it  with  "Glutrin." 

(c)  Such  a  road  surface  can  be  made  to  sustain  such  travel,  with 
physical  satisfaction,  by  giving  it  a  surface  treatment  of  "cut-back 
Texas  asphalt"  (Section  28). 

(d)  An  18-ft.,  water-bound,  trap  rock  macadam  is  incapable  of  sus- 
taining, without  serious  deterioration  in  a  few  months,  travel  aggregat- 
ing 2  500  units  per  average  day  of  10  hours,  and  where  90%  of  the  total 
travel  is  that  of  motors. 

(e)  The  surface  treatment  of  such  a  road  with  a  proper  cut-back 
sludge  asphalt,  or  a  proper  compound  of  water-gas  tar,  will  enable  it 
to  sustain  such  travel,  with  physical  satisfaction  (Sections  15  and  16). 

(/)  A  24-ft.  pitch-macadam,  of  either  limestone  or  trap  rock,  will 
sustain,  with  at  least  physical  satisfaction,  travel  aggregating  as  many 
as  15  000  units  per  average  day  of  10  hours,  and  when  more  than  95% 
of  the  total  travel  is  that  of  motors  (Sections  4  and  5). 

(g)  A  14-ft.  pitch-macadam,  of  either  limestone  or  trap  rock,  will 
sustain,  with  at  least  physical  satisfaction,  travel  aggregating  5  000 
units  per  average  day  of  10  hours,  and  when  less  than  15%  of  the  total 
travel  is  that  of  horse-drawn  vehicles  (Sections  17  to  27,  inclusive). 

(h)  The  present  indications  are  that  the  use  of  pitch  in  quantities 
of  more  than  If  gal.  per  sq.  yd.,  in  the  construction  of  pitch-macadam, 
where  the  upper  course  of  the  macadam  is  to  be  3  in.  thick  after  com- 
paction, is  generally  inadvisable. 

(/)  The  use  of  a  flush  coat,  except  possibly  in  the  cases  of  pitches 
having  unusual  stability  under  the  application  of  heat,  is  inadvisable 
in  the  construction  of  pitch-macadam,  unless  the  proportion  of  horse- 
drawn  travel  to  motor  travel  is  considerably  higher  than  in  this  case. 

*  First  Report,  State  Roarls  Commissioner  of  Maryland  for  1908-09-10-11. 
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TABLE  6. — Construction  and  Maintenance 


2.. 
3.. 
4.. 
5.. 
6.. 

H.. 

9.. 
10.. 
11.. 
11-A 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 

27.. 
28.. 

29.. 


Material. 


Texas 


Gulf  Ref .  Co.  "  Asphaltoil  A" 

Texas 

Imp.  Prod.  Co.  "Fairfield" 

U.  G.  I.  No.  4— Sample  No.  1 

Warreii-Puritan,  Brand  No.  10 

Tarvia  X 

Amer.  Tar  Co.,  •'  Tarite" 

U.  G.  I.— (1009  work) 

U.  G.  I.— (1910  work) 

Texas 

Mixed— 52  bbl 

Headley  Man'f.  Co 

Barber  Asphalt  Co 

"  Fairfield  " 

"  Fairfield  Antidust" 

U.  G.  I.  "  Antidust" 

"  Sarco" 

Std.  Oil  ( 1910  work ) 

Std.  Oil  (1909  work) 

U.  G.  I 

Tcxfts 

Gulf  "'Asphaltoil  A'' '.'.'.".".'.'.'.'.'.'.'.'.'.'. 

Warren-Puritan,  Brand  No.  17 

U.G.I 

Imp.  Prod.  Co.  "  Fairfield  " 

Con.  G.  E.  L.  &  P.  Co.  (Complete  top 

of  U.G.I.) 

Con.  G.  E.  L.  &  P.  Co 

Texaco  Special" 

Glutrin" 


^11  226.11 

1  936.00 
1  242.66 
1  173  33 
1  712.00 
1  826.66 
1  909.33 
1  816.(X) 
1  170.66 

3  233.00 
5  981.33 
1  261.33 

4  685.33 

4  202.66 
3  184.00 

5  808.00 
1  100.00 
3  568.00 

1  893.33 
127.55 

1294.22 
693.77 
976.88 
844.66 

2  246.22 
1  532.22 

3  758  22 
1  048.44 

863.33 

13  398.67 


Construction  op  Macadam  per 


Dates  of  use . 


July,  Aug.,  '09.... 

Aug.,  Sept.,  '09. . . 

Sept.,  1909 

Sept.,  1909 

Sept.,  1909 

Sept.,  Oct..  '09 

October,  1909 

October,  1909 

November,  1909. . . 

May,  June,  '10 

June,  1910 

June,  1910 

June,  July,  '10 

July,  Aug.,  '10 

Aug.,  Sept..  '10.... 

October,  1910 

Sept.,  Oct.,  '10 

October,  1910 

October,  1910 

November,  1909 

October,  1909 

October,  1909 

October,  1909 

October,  1909 

September,  1009... 
September,  19t)9... 


August,  1909 

August,  1909 

Oct.,  Nov.,  '10 

iNov.,  1909 ( 

)  Oct.,  Nov.,  '10.  i 


a  2 


2.39 

3.97 
3.22 
3.67 
3.12 
4.19 
5.40 
4.41 
4.46 
1.43 
1.25 
1.65 
1.70 
1.45 
1.69 
O.Cl 
0.94 
1.42 
1.70 
3.92 
3.86 
4.70 
2.95 
4,71 
2.23 
2.73 

2.98 
1.95 
1.35 

0.45 


tab 

o  o 

^  c3 

<=  a 


$0,337 

0.339 
0.336 
0.337 
0.339 
0.333 
0.337 
0.336 
O..340 
0.397 
0.397 
0.397 
0.397 
0.397 
0.397 
0.397 
0.397 
0.397 
0.397 
0.241 
0.230 
0.228 
0.239 
0.224 
0.229 
0.228 

0.216 
0.316 
0.607 

0.318 


*  Length,  8.246  +  miles. 

t  Includes  maintenance  of  shoulders,  side-road,  and  drains  or  gutters. 

X  To  remedy  slipperiness. 

(;')  With  the  use  of  materials  susceptible  to  heat,  or  fairly  so — 
such  as  most  tars — the  application  of  the  pitch  to  the  rolled  stone  can 
safely  be  stopped  at  a  line  parallel  to  and  1  ft.  within  the  edges  of  the 
stone,  and  reliance  can  be  felt  that  this  border  of  the  macadam,  later, 
will  be  properly  bound  by  the  flow  of  the  pitch  under  heat  and  travel. 

(h)  With  the  use  of  asphaltic  or  blown-oil  pitches,  having  a  "pene- 
tration" at  normal  temperatures  harder  than  150,  the  application  of 
the  pitch  should  be  made  fully  to  the  edges  of  the  rolled  stone. 

(l)  The  requisite  penetration  of  the  pitch  into  the  rolled  stone  is 
obtained  when  the  pitch  reaches  to  the  bottom  of  the  average  sized 
stone  in  the  course  penetrated. 


i''i'*'''^l    nrscrssiox:  uoad  construction  and  maintenance    1707 


KxrKXDiTruKs  on  Tark  Heights  Avenue.* 
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Square  Yard 


Maintenance,  per  Square  Yard  of  Macadam. 


§  Reconstructed,    1911. 

!  Chips  hauled  and  spread  on  account  of  bleeding. 

•■  Rollinjr  in  No.  2  stone  and  chipping. 

(m)  Success  in  the  coiistnictiou  of  pitcli-niacadani  depends  primarily 
on  the  proper  compaction  of  the  macadam  particles,  and  is  directly  propor- 
tional to  the  success  in  rolling  the  macadam  before  spreading  the  pitch. 

in)  The  use  of  sand  on  top  of  the  pitch  is  open  to  grave  objections, 
and  the  value  of  its  use  before  spreading  the  i)iteh  is  (luestionable, 
clean  stone  chips  of  small  gravel,  free  from  particles  which  will  not  pass 
J-in.  mesh  being  preferable. 

(o)  With  the  use  of  a  proper  pitch,  there  is  no  material  advantage 
in  closing  the  finished  pitch-macadam  to  travel  for  a  period  after  its 
construction,  provided  the  adhesion  of  tires  to  the  surface  is  prevented 
by  watering,  spreading  an  excess  of  grit,  or  by  other  means. 
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Classification. 


TABLE  6. — Travel  Census  and 


One-horse  vehicles 

Two      "  " 

Three  •'  " 

Four    "  "        

Six 

Total  horse  traffic 

Motor  Traffic  : 

Motorcycles 

Runabouts 

4-  or  5  seat  cars 

7-seat  cars 

Omnibuses  or  drays 

Total  traffic 

Weather 


S  3 


Section  1. 


Units  on  dates  named  per  period  of  10  hours. 


Nov.  14, 
1910. 


376 
364 


104 
24 


916 


14 

200 

2  100 

1  920 

40 


5  190 


Clear. 


Nov.  17. 
1910. 


442 
332 

48 

72 


894 


14 

23) 

2.580 

2  480 


6  278 


Clear. 


Oct.  19, 
1911. 


438 

408 


874 


.50 

480 

6  580 

5  320 

440 


13  744 


Clear  a.  m. 
Rain  p.  m. 


May  4, 
1912. 


366 
456 
30 


1  052 


103 

590 

11  960 

9  920 

700 


24  324 


Clear. 


May  10, 
1912. 


608 

560 

60 

16 


1244 


450 

11660 

5120 

760 


Clear. 


May  11, 
1912. 


514 

468 

48 


1030 


136 

830 

18  800 

9  760 


41536 


Clear. 


TABLE  6.— 


tw  o 

Is 

Section  2. 

Classification. 

Units  on  dates 

named  per  period  of  10  hours. 

Nov.  15, 
1910. 

Nov.  18, 
1910. 

Oct.  14, 
1911. 

Oct.  21, 
1911. 

May  10, 
1912. 

May  11, 
1912. 

2 
4 
6 
8 
12 

336 
356 
18   . 
152 

314 

312 

18 

96 

24 

422 
376 

"ie 

314 

248 

'"s 

632 

512 

30 

16 

636 

Two-     "          "        

476 

Three-  "          "       

90 

Six-       "          "       

Total  horse  traffic 

Motor  Traffic: 

2 
10 
20 
40 
20 

862 

6 

130 
2  200 
1  520 

120 

764 

8 

120 

2  500 

2  120 

120 

814 

80 

550 

8  080 

5  280 

640 

570 

"376 

5  120 

5  320 

540 

1190 

80 

640 

9300 

9  880 

840 

1202 
136 

840 

15440 

11400 

Omnibuses  or  drays 

1060 

Total  trafflt.' 

4  838 

5  632 

15  444 

11920 

21930 

30078 

Cloudy. 

Clear. 

Clear. 

Rain. 

Clear. 

Clear. 
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Units  on  Park  Heights  Avenue. 


Sections  17  to  81. 

Section  28. 

Units  on  dates  named  per  period  of  10  hours. 

Units  per  10  hours. 

Nov.  22, 
191U. 

Nov.  36, 
1910. 

Oct.  2r), 
1911. 

Apr.  1, 
1912. 

Apr.  16, 
1912. 

Jan.  16, 
1911. 

Apr.  10, 
1912. 

May  29, 
1912. 

44 
44 

"'36 

40 
28 

'"8 

44 
24 
6 

8 

444 

748 

'272 
336 

176 
872 

'152 
120 

28 
4 

"46 
132 

28' 

8 

"24 
96 

28 
12 

'    "9 
1 

124 

4 

40 

560 

480 

60 

100 

8 

2(J 

760 

760 

40 

82 

16 

960 

2  680 

60 

1  800 

80 

6.S0 

4  960 

2  40(J 
1  060 

820 

26 

440 

3  120 

1  160 

420 

204 

156 

6 

30 
160 

"46 

50 

.... 

19 
5 
5 

1  268 

1688 

4028 

10  980 

5  986 

204 

392 

80 

Rain. 

Clear. 

Clear. 
Cloudy. 

Clear. 

Clear. 
Cold. 

Clear. 

Clear. 

Mr. 
Crosby. 


(Continued.) 


Sections  15  and  16. 

Section  27. 

Section  29. 

Units  on  dates  named  per  period  of  10  hours. 

Units  per  10  hours. 

Units  per  10  hours. 

Nov.  16, 

Nov.  19, 

Nov.  21, 

Nov.  25, 

Apr.  12, 

Nov.  23. 

Nov.  28, 

Nov.  24, 

Nov.  29, 

1910. 

1910. 

1910. 

1910. 

1912. 

1910. 

1910. 

1910. 

1910. 

78 

94 

56 

46 

40 

68 

70 

26 

22 

100 

52 

52 

76 

36 

20 

40 

16 

12 

20 

12 

12 

18 

40 

8 

8 

40 

16 

24 

8 

12 

12 

12 

216 

96 

96 

250 

166 

140 

152 

76 

844 

222 

162 

42 

8 

14 

6 

6 

34 

6 

4 

80 

100 

40 

.50 

180 

30 

10 

16 

26 

1  440 

1  680 

1260 

1  050 

2  360 

1000 

320 

120 

120 

1  080 

1520 

1440 

1  200 

760 

1  480 

520 

80 

80 

40 

60 

60 

60 

220 

50 

40 

2  898 

3540 

2  946 

2  528 

8630 

2920 

1  116 

372 

262 

Clear. 

Clear. 

Cloudy. 

Clear. 

Clear. 

Fair. 

Cloud  V. 
Rain. 

Fair. 

Cloudy. 
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Mr. 
Crosby. 
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(p)  For  pitch-raacadam,  a  pitch,  to  be  satisfactory,  should  possess     Mr. 
at  least  tlio  following  characteristics:  '^'^^  ^' 

(1)  It  should  flow  freely,  though  not  excessively  so,  under  the 
conditions  of  application. 

(2)  It  should  show,  after  evaporation  at  106°  cent,  for  21  hours 
(20  grams  in  3i-in.  dish),  a  penetration  of  not  less  than  10  at 
4°  cent.,  and  not  more  than  100  at  25°  cent.  (No.  2  needle, 
100  grams,  5  sec). 

(3)  The  naphtha-soluble  portions  of  the  pitch,  when  evaporated  on 
glass,  should  show  themselves  to  be  decidedly  adhesive. 

(q)  In  the  cases  of  tar-pitches  or  pitch  compounds,  and  for  the 
purpose  of  lessening  their  susceptibility  to  temperature  changes  occur- 
ring after  use,  it  is  desirable  that  "free  carbon"  (matter  insoluble  in 
carbon  bisulphide)  be  present  to  an  extent  greater  than  a  minimum 
percentage  of  the  fractional  distillate  from  such  pitches  between  225 
and  300°  cent.;  but,  in  order  to  avoid  excessive  hardness  at  low  tem- 
peratures, this  percentage  of  "free  carbon"  should  be  less  than  a  maxi- 
mum— the  minimum  and  maximum  referred  to  being  largely  dependent, 
for  their  expression  in  figures,  on  the  local  conditions. 

(r)  A  12-ft.  width  for  the  road  metal  is  not  economical  where  the 
travel  aggregates  more  than  400  units  per  average  day  of  10  hours;  nor 
is  the  14-ft.  width  economical  where  the  travel  exceeds  2  000  units  and 
the  proportion  of  motor  travel  is  more  than  80%  of  the  total. 

(s)  Where  high-speed  motor  travel  forms  a  large  proportion  of  the 
total,  the  unit  width  of  travel  lines  should  be  considered  as  9  or  10  ft., 
instead  of  7  or  8  ft.,  as  heretofore,  because  of  the  greater  clearance 
required  for  the  safe  passing  of  the  units  of  such  travel. 

Further  economic  conclusions  seem  to  be  rather  premature  at  this 
time,  and  such,  including  a  deduction  concerning  the  possible  advantage 
of  using  an  excess  of  pitch  during  construction  in  order  to  prolong  the 
life  of  the  pitch-macadam,  and  perhaps  in  the  end  to  reduce  the  cost, 
it  would  seem  preferable  to  defer  for  two  or  three  years. 

George  W.  Tillson,  M.  Am.  Soc.  C.  E. — In  these  days  of  increase  ^r. 
in  the  values  of  labor  and  materials,  and  tlie  prospect  that  they  will  Tillson. 
continue  to  increase,  it  certainly  is  incumbent  on  those  who  utilize 
these  two  elements  to  know  that  it  is  done  to  the  best  advantage,  to  see 
that  when  they  are  combined  and  produce  a  result,  that  the  result  has 
not  cost  more  than  it  should.  It  is  not  enough  for  a  contractor  to 
know  whether  a  job  is  a  paying  one,  or  a  losing  one;  he  should  know 
whether  or  not  every  part  of  his  contract  is  being  carried  out  on  a 
paying  basis. 

It  seems  to  the  speaker  that,  a.s  Mr.  Lewis  has  said,  a  great  deal  of 
the  work  which  has  been  done  on  cost  records  and  reports  is  more  in 
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Mr.     the  nature  of  accounting:  than  of  cost-keeping.     Construction  work  is 


Tillson 


not  done  for  the  purpose  of  allowing  some  one  to  get  up  an  elaborate 
system  of  accounting,  strange  as  it  may  seem  to  some  accountants. 
The  cost-keeping,  or  the  accounting,  should  be  carried  on  in  such  a  way 
as  to  give  detailed  information  about  the  work,  and  the  important 
point  is  to  analyze  the  situation  properly  into  its  different  elements. 
By  an  analysis  a  contractor  can  determine  very  quickly  whether  a 
contract  is  or  is  not  a  paying  one,  if  properly  carried  out.  After  he 
does  that,  he  can  establish  a  system  of  costs  for  the  different  movements 
in  carrying  out  the  work.  In  keeping  account  of  the  cost  of  items,  it  is 
possible  to  go  too  far;  it  is  possible  to  build  such  an  elaborate  system 
of  cost-keeping  that  no  general  result  is  obtained. 

In  the  Bureau  of  Highways,  in  the  Borough  of  Brooklyn,  a  very 
good  system  has  been  in  use  for  several  years,  by  which  it  is  possible 
to  show  the  cost  of  every  item  in  connection  with  the  work  in  that 
Bureau.  The  following  from  the  report  of  the  Bureau  for  1911  shows 
the  system  of  cost-keeping  used  for  the  repairs  of  asphalt  pavements, 
and  how  the  same   has   been   analyzed   and   subdivided   into   different 

Analysis  of  Maintenance  Costs. 

Wearing    Surface. 
Per   Box. 
General    and    Special    Costs.  (9.3  cu.  ft.) 

Superintendence    $0,056 

Superintendent's  auto   0.051 

Repairs  to  plant  0.128 

Repairs  to  tools 0.108 

Dumping  privilege   0.094 

Coal    0.092 

Wood   0.046 

Misc.  supplies,  etc 0.052 

Depreciation 0.095 

Interest    0.047 

Rent    0.033 

$0,802 

Material  Costs. 

Asphalt    $1,220 

Residuum  oil  0.033 

Stone  dust    0.195 

Asphalt  sand   0.208 

1.656 

Labor   and   Trucking   Costs. 

Plant  labor $0,423 

Street  labor   1.694 

Trucking     0.556 

2.673 

Total    $5,131 

Cost  per  cubic  foot $0,552 
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The  total  lor  the  9.3  cu.  It.  of  material  is  $5.13^5  or  5:,^^  Mr. 
cents  per  cii.  ft.  It  takes  about  1.75  cu.  ft.  for  1  sq.  yd.  of  asphalt  TiUson. 
2  in.  thick.  If  the  contractor  has  his  work  divided  on  some  such 
principle  as  that,  he  can  tell  absolutely  what  each  item  has  cost.  By 
daily  reports  as  to  the  quantitj'  of  work  done  by  his  different  gangs 
in  different  parts  of  the  city,  he  is  able  every  morning  to  tell  whether 
each  man  is  coming  up  to  his  idea  of  what  he  should  do,  or  what  the 
records  of  previous  yea,rs   had  shown  that   men   and  teams  could  do. 

William  H.  Connell,  Assoc.  M.  Am.  Soc  C.  E. — If  engineers  wish      Mr. 
to  keep  abreast  of  the  times  and  attain  the  highest  point  of  efSciency 
in  their  work,  cost  records  and  reports  are  essential. 

The  moral  effect  alone  on  an  organization  is  justification  for  keep- 
ing unit  cost  records.  This  is  illustrated  by  the  pride  aroused  in  the 
men  in  connection  with  their  work.  The  natural  instinct  of  man  is 
to  excel  in  his  undertakings,  but  it  must  be  remembered  that  men 
must  be  led  and  not  driven,  and  in  order  to  get  the  best  out  of  them 
tlieir  interest  in  their  work  mvist  be  aroused,  and  they  must  be  im- 
pressed with  a  sense  of  their  responsibility.  There  is  no  better  way 
of  doing  this  than  by  the  friendly  competition  resulting  from  unit 
cost  records.  Men  are  naturally  ambitious — this  is  clearly  illustrated 
in  pastimes  and  sports,  whether  it  be  shooting  marbles,  pitching  quoits, 
playing  baseball,  or  any  other  form  of  amusement  that  brings  out 
competition — all  want  to  excel,  and  will  work  hard  to  do  so;  one 
reason  is  because  they  understand  what  they  are  doing  and  are  inter- 
ested; the  other  is  because  their  ambition  is  aroused  through  com- 
petition, with  the  result  that  they  will  do  the  best  they  can.  This 
same  situation  should  exist  in  all  classes  of  work.  There  is  no  man — 
no  matter  how  lowly  he  may  be,  or  whatever  may  be  the  nature  of 
his  work — whose  interest  cannot  be  aroused  by  impressing  him  with 
a  sense  of  his  responsibility  and  showing  him  wherein  the  competition 
lies  in  connection  with  his  work.  Men  are  often  lackadaisical  about 
their  work  because  they  do  not  understand  just  what  part  they  are 
playing,  and,  consequently,  have  no  particular  interest  in  it,  whereas 
if  they  understood  more  about  the  relationship  of  their  work  to  the 
undertaking  as  a  whole,  their  interest  would  bo  aroused  and  they  would 
appreciate  their  responsibility.  The  only  difference  between  amuse- 
ments and  work,  in  bringing  out  competition,  is  that  in  the  first  in- 
stance the  man  understands  the  game,  has  a  part  in  it,  and  plays  it 
for  all  it  is  worth;  while  in  the  latter  instance  he  does  not  understand 
the  work  or  his  part  in  it;  consequently,  his  interest  is  not  aroused 
and  he  does  not  put  forth  his  greatest  efforts,  wliich  is  not  only  a  loss 
to  him,  but  to  his  employers.  Therefore,  anything  that  can  be  done 
to  arouse  the  interest  of  the  men  in  their  work  and  bring  about 
friendly  competition  is  of  inestimable  value,  and  nothing  will  do  more 
to  produce  this  result  than  unit  cost  records. 
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o  ^'^'  11  ^"^^^  records  are  probably  the  principal  means  of  control  of  work, 
and  unit  cost  records  are  an  analysis  of  cost  records,  and  bring  out  the 
weak  and  strong  spots  in  a  working  organization.  As  already  stated, 
unit  cost  records  are  simply  a  modern  system  of  records  designed  to 
keep  the  work  and  organization  up  to  the  highest  point  of  efficiency. 
Such  records  are  also  of  great  value  in  comparing  costs  of  similar  work 
in  different  industrial  establishments,  municipalities,  public  works 
departments,  etc.  It  has  often  been  said  that  tmit  cost  records  do  not 
mean  anything  on  account  of  the  different  conditions  under  which 
work  is  doile,  the  difference  in  wages,  labor  hours,  etc.  Of  course  they 
are  of  no  value,  and  are  only  misleading,  unless  they  are  given  in 
detail,  but  if  this  is  done,  and  if  they  are  properly  compiled,  such 
records  are  comparable  with  cost  records  of  similar  work  in  other 
establishments  and  localities,  and  are  invaluable.  Only  a  few  months 
ago,  the  budget  for  the  Highway  Bureau  of  Philadelphia,  Pa.,  for 
1913,  was  made  up  largely  by  proportioning  the  unit  cost  of  similar 
work  in  the  Borough  of  The  Bronx,  New  York  City.  This  was  made 
necessary  by  the  absolute  lack  of  cost  records  or  reliable  data  of  any 
description  in  connection  with  the  work  coming  under  the  jurisdiction 
of  the  Bureau.  It  is  impossible  to  make  up  an  intelligent  estimate 
without  the  aid  of  cost  records,  and  it  is  equally  impossible  to  deter- 
mine whether  all  branches  of  the  work  aTe  being  carried  on  in  an 
economical  manner  in  the  absence  of  unit  cost  records. 

There  seems  to  be  a  rather  general  impression  that  the  necessary 
job  orders,  time  sheets,  material  reports,  and  progress  reports  which 
the  foreman  is  required  to  handle,  are  apt  to  confuse  him  and,  conse- 
quently, decrease  rather  than  increase  the  efficiency  of  his  work.  This 
is  not  so;  on  the  contrary,  they  tend  to  develop  the  foreman,  awaken 
his  interest,  and,  in  many  instances,  make  a  new  man  of  him.  Why? 
Simply  because  he  is  placed  on  his  mettle,  taken  in,  to  a  certain  ex- 
tent, on  the  financial  and  business  end,  made  a  more  important  factor 
in  the  organization,  and,  consequently,  his  work  means  more  to  him 
than  the  mere  physical  results.  We  underestimate  the  ability  of  the 
working  classes.  A  large  majority  of  them,  of  course,  have  not  had 
the  advantages  of  an  education,  but  they  are  all  capable  of  being  devel- 
oped, and  are  simply  waiting  for  opportunities.  Just  because  a  fore- 
man never  made  up  modern  cost  record  reports  is  no  reason  why  he 
cannot  do  it;  naturally,  it  would  be  confusing  in  the  beginning,  and 
he  would  make  a  great  many  mistakes,  but  before  long,  in  all  proba- 
bility, he  would  be  suggesting  improvements  in  the  form  of  the  reports, 
which  would  be  better  suited  to  the  conditions. 

Cost  records  and  reports  are  invaluable  guides  in  the  conduct  of 
work  of  whatever  nature,  and  must  not  be  underestimated  if  engineers 
wish  to  carry  on  their  work  in  an  efficient  and  economical  manner. 
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A.  H.  Blanchard,  M.  Am,  Soc.  C.  E. — Labor  is  an  element  of  road  Mr. 
costs  which  demands  careful  consideration.  ^lany  instances  may  be 
cited  where  equally  competent  engineering  supervision  governed  work 
of  the  same  character  and  whore  the  costs  of  materials  were  the  same, 
but  where  the  quality  of  labor  and  the  number  of  working  hours  were 
not  equivalent,  and  hence  the  total  prices  varied  to  a  remarkable 
extent.  The  speaker  has  been  connected  with  work  where  the  hours 
were  the  same  but,  due  to  incompetency  on  one  hand  and  ability  on  the 
other,  the  unit  labor  cost  in  tlie  former  was  three  times  that  in  the  latter 
case.  It  is  evident  that  complrte  data  relative  to  labor  should  be  given, 
otherwise  erroneous  deductions  will  be  made. 

In  connection  with  construction  and  maintenance  work  accom- 
plished under  the  day-labor  system  in  State,  county,  and  municipal 
departments,  many  labor  costs  are  given.  Here,  without  doubt,  one  finds 
the  greatest  variation  in  the  quality  of  the  labor.  Poor  administration, 
and  political  interference  with  the  personnel  of  the  labor  organization, 
are  mainly  accountable  for  the  marked  diflference  in  quality  which 
exists. 

H.  W.  Durham,  M.  Am.  Soc.  C.  E. — One  essential  feature  in  regard  ^   Mr. 

1-1-  r  1        •  11-  r  t    Durham. 

to  cost  records  is  the  importance  of  not  letting  the  keeping  of  such 
records  become  the  end  instead  of  the  means;  undue  emphasis  should 
not  be  placed  on  the  machinery  of  cost-keeping.  Frequently,  the  mat- 
ter of  recording  becomes  so  laborious,  the  organization  doing  it  so 
great,  that  it  is  really  regarded  as  the  ultimate  end  to  be  sought,  and, 
by  the  time  the  tabulations  are  made  and  the  costs  worked  up,  the 
information  obtained  is  of  no  particular  value  on  the  immediate  work. 

Eor  efficiency,  cost  records  must  be  kept  so  that  the  results  can  be 
compiled  at  short  intervals  of  time,  and  give  some  comparison  as  to 
the  items  of  the  work  immediately  under  consideration,  in  order  that 
it  can  be  seen  instantly  whether  or  not  the  work  is  going  on  properly. 
It  should  also  be  borne  in  mind  that  detailed  cost  records  may  not  be 
of  such  great  value  to  the  engineer  supervising  contract  work  as  they 
would  be  were  he  directly  handling  by  day's  labor  an  organization  and 
could  point  out  to  the  individual  gangs  where  one  excelled  another. 

For  a  city  or  municipal  organization,  there  are  no  bettor  general 
methods  than  those  which  have  been  adopted  by  the  Board  of  Water 
Supply  of  New  York  City,  the  Public  Soi-A'ioo  rominission.  and 
similar  organizations. 

Details  as  to  how  the  records  should  be  kept,  what  charges  should 
be  made,  overhead  plant  charges,  etc.,  are  matters  which  concern  all 
engineers.  It  is  not  only  necessary  to  know  the  price  of  the  materials 
that  are  being  actually  used,  but  what  is  being  paid  for  labor  and  other 
items,  the  charge  for  depreciation  on  plant,  overhead  charges,  and  mat- 
ters of  like  character. 


Wilcock 
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Mr.  Unless  such  correct  distribution  of  the  details  of  cost  is  made,  the 

records  become  worse  than  useless  and  allow  wrong  inferences  to  be 
drawn,  as  in  a  case  of  certain  road  work  with  which  the  speaker  is 
familiar,  where  an  excessive  unit  cost  per  mile,  when  analyzed,  was 
shown  to  be  largely  due  to  the  inclusion  of  the  entire  first  cost  of  the 
plant  used. 

Mr.  Frederick  Wilcock,  Assoc.  M.  Am.  Soc.  C.  E. — Determination  of 

engineering  costs  is  important  in  the  public  service.  Such  costs,  if 
compared  periodically  with  the  contractors'  requisitions  for  payment 
for  work  done,  and  published  for  the  engineers,  are  an  inducement  to 
eliminate  the  inefficient  members  of  the  corps  as  soon  as  possible,  and 
tend  to  improve  the  standards  of  the  younger  members  of  the  Profession. 
The  elimina,tion  is  made  usually  at  the  end  of  the  probationary  period 
customarily  required  by  civil  service  rules.  This  opinion  is  drawn 
from  observation  of  construction  work  in  New  York  City. 

DESIGN  OF  HIGHWAY  SYSTEMS. 

Mr.  Jean  de  Pulligny,  M.  Am.  Soc.  C.  E.*   (by  letter). — The  writer 

^'  will  not  undertake  to  decide  what  a  highway  system  ought  to  be,  but 

will  outline  briefly  what  the  French  highway  system  is,  in  the  belief 

that  such  a  system,  with  appropriate  modifications,  might  furnish   a 

basis  for  an  American  centralized  State  system  of  highways. 

The  French  Road  System. 

The  following  remarks  do  not  apply  primarily  to  the  National  Main 
Highways  which  connect  Paris  with  the  large  cities  and  the  frontiers, 
and  are  constructed  and  maintained  by  the  Central  Government.  These 
main  highways  (Routes  Nationales),  were  built  more  than  150  years 
ago — when  scarcely  any  roads  were  to  be  found  in  other  countries — for 
carrying  the  Royal  mail. 

Their  total  length  is  about  24  000  miles,  and  the  annual  appropria- 
tion for  their  reconstruction  and  maintenance  is  $6  500  000.  The 
total  width  of  these  main  highways  is  43  ft.  4  in.,  53  ft.  4  in.,  or 
81  ft.  3  in.,  according  to  classes,  including  lateral  ditches  of  6  ft.  8  in. 
and  a  central  metaled  roadway  of  16  ft.  8  in.,  20  ft.,  or  25  ft.  6  in., 
generally  constructed  of  water-bound  macadam  which  is  tarred  or  oiled 
in  summer.  On  the  sides  of  most  of  these  roiads  trees  are  planted,  and 
form  graceful  avenues,  of  which  many  are  old  and  quite  beautiful. 

The  cost  of  building  and  maintaining  these  roads  is  rather  high. 
It  varies,  of  course,  in  different  parts  of  France,  and,  in  the  past,  it 
has  varied  according  to  the  times.     The  general  expense  for  the  24  000 

*  Most  of  the  information  in  this  discussion  has  been  collected  expressly  for  American 
engineers  by  the  noted  road  expert,  M.  Le  Gavrian,  of  Versailles,  Ingenieur  des  Fonts  et 
Chausaees;  and  Assistant,  General  Secretary  of  the  Permanent  International  Association  of 
Road  Congresses. 
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miles  of   main   roads  has  been   about  $300  000  000,   or   an   average  of      Mr. 

PulligDy 

$12  600  per  mile.  The  cost  of  maintenance  is  about  $6  500  000  yearly, 
averaging  $270  per  mile.  If  the  average  highvpay  of  this  kind  is  con- 
sidered as  being  about  20  yd.  wide,  including  ditches,  the  prices  per 
square  yard  would  be  $0.35  for  construction  and  $0.00765  for  main- 
tenance. If  the  width  is  taken  at  only  ISA  yd.,  the  ditches  excluded, 
the  maintenance  cost  would  be  about  $0.0099  per  sq.  yd. 

These  highways  played  a  very  important  part  in  National  activity 
in  France,  before  railroads  were  constructed.  Nowadays,  it  is  believed 
by  the  writer,  they  are  less  important  than  the  other  roads  of  the 
country,  which  amount  to  339  500  miles  in  length  and  require  an 
annual  expenditure  of  $37  400  000.  These  roads  include  mainly 
Chemins  Vicinaux  de  Grande  Communication,  connecting  the  cities 
and  villages,  and  the  less  important  Chemins  Vicinaux  Ordinaires, 
which  connect  farms  with  the  next  village  or  the  nearest  city. 

The  total  widths  of  the  Chemins  de  Grande  Communication  are 
23  ft.  4  in.,  26  ft.  8  in.,  33  ft.  4  in.,  or  43  ft.  4  in.,  according  to  the 
class.  These  widths  include  lateral  ditches  of  3  ft.  4  in.  or  5  ft.,  and  a 
central  metaled  roadway  of  13  ft.  4  in.  or  16  ft.  8  in.  In  the  case  of 
the  simple  Chemins  Ordinaires,  the  total  width  is  20  ft.  with  ditches  of 
3  ft.  4  in.,  and  a  central  roadway  of  only  10  ft.  As  to  the  Chemins 
Ruraux,  their  dimensions  may  be  still  less,  and  sometimes  there  are 
no  ditches. 

On  the  National  highways  the  maximum  grade  is  3  in  100,  and 
the  minimum  radius  of  curves  is  150  ft.  On  the  other  roads  the 
maximum  grade  is  5  in  100,  and  the  minimum  radius  of  curves  is 
100  ft.  It  is  important  not  to  increase  these  grades.  On  a  3  in  100 
grade  the  effort  in  hauling  a  load  is  about  twice  as  much  as  that  required 
on  a  good  level  road,  and  on  a  5  in  100  grade,  the  effort  is  nearly 
tripled.  If  the  length  of  such  an  incline  is  short,  the  horses  may  give 
the  needed  supplementary  effort,  and  jiq  reduction  of  the  load  is  neces- 
sarj-;  but  if  the  slope  is  steep  for  a  long  distance,  such  a  reduction  is 
unavoidable.  As  it  applies  to  the  total  load,  and  as  the  dead  load 
cannot  be  reduced,  it  is  understood  that  the  useful  load  is  reduced  pro- 
portionally. Motor  trucks  are  affected  as  much  as  horses  in  such  cases, 
and  perhaps  more. 

Before  returning  to  the  subject  of  main  highways,  the  opinion  is  ex- 
pressed that  some  system  of  Federal  or  State  main  highways,  built  and 
maintained  by  Federal  or  State  engineers,  may  certainly  be  justified  in 
the  United  States,  where  there  is  no  lack  of  able  engineers,  centralized 
authority,  or  money.  The  difficulty  is  to  provide  the  other  system  of 
ordinary  roads  with  able  engineers,  with  centralized  authority,  and  with 
sufficient  yearly  appropriations.  It  is  this  phase  of  the  subject  which 
will  be  further  considered. 
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Mr.  Technical  Organization  of  the  French  Road  System. 

Pulligny. 

France  is  not  so  strictly  centralized  as  it  is  believed  to  be  by  many 
engineers.  It  is  divided  into  86  territorial  units,  called  Departements, 
the  average  area  of  each  of  which  would  be  about  equal  to  3  counties  of 
the  State  of  New  York.  Hence,  New  York,  having  61  counties,  would 
make  20  French  Departements.  The  86  Departements  (plus  Belfort  Terri- 
tory) are  divided  into  275  Arrondissements  (average  by  Departemeni, 

275 

=  3.2).     The  275  Ai-rondissements  are  divided  into  2  325  Cantons 

86  ^ 

2  325 
(average    by   Departement, =  27;    average   by   Arrondissement, 

86 

2  325 
■  =  8.4);  and  the  2  325  Cantons  are  divided  into  36  222  Communes 

36  222 
(average  by  Depar'tement, =  420).     The  gross  area  of  France  is 

86 

207  000  sq.  miles.     The  average  area  of  an  Arrondissement,  therefore,  is 

:=  750  sq.  miles,  being  about  the  averaoje  area  of  a  New  York 

276  1  5  o  » 

county.      The   area  of   New  York  State   is  49  204   sq.   miles,  and   the 

49  204 

average  area  of  each  county  is =  800  sq.  miles. 

o  ''61 

Each  Department  is  also  a  unit  for  several  public  services,  and, 
furthermore,  is  a  political  unit.  It  has  a  Governor,  appointed  by  the 
Central  Government,  called  a  Prefet,  and  an  elective  body  called  the 
Conseil  General.  It  has  also  certain  revenues  produced  by  taxes,  the 
appropriation  of  which  is  decided  by  the  Conseil  General. 

All  the  road  system  of  Chemins  Vicinaux  is  managed  by  the  Prefet, 
and  the  expenditure  is  voted  by  the  Conseil  General,  the  Central  Gov- 
ernment having  practically  nothing  to  do  with  it. 

The  Prefet,  of  course,  does  not  manage  the  road  system  himself, 
but  through  a  centralized  body  of  competent  technical  men.  In  about 
half  the  Departments  the  work  has  been  entrusted  by  the  Conseils 
Generaux  to  the  body  of  Government  Engineers — Ingenieurs  des 
Fonts  et  Chaussees — to  which  the  writer  has  the  honor  to  belong. 
These  roads  comprise  only  a  small  part  of  their  work.  They  also  have 
in  charge  the  National  Main  Highways  and  the  various  civil  engineer- 
ing works  which  are  administered  by  the  French  Government,  including 
all  the  inland  navigation  works,  canals  and  canalized  rivers,  all  the 
ports,  docks,  harbors,  sea  shores,  and  light-houses,  and  the  close  inspec- 
tion maintained  by  the  French  Government  over  the  railroads,  with 
reference  to  safety,  regularity,  and  rates,  and  also  to  secure  a  proper 
maintenance  of  the  railroad  property  which  is  only  entrusted  to  the 
railroad  companies  for  a  definite  period,  at  the  expiration  of  which, 
such  property  will  be  returned  to  the  Government. 
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In   the  other  half  of   the  D('i>artmonts    (exactly   forty-six)    special       Mr 


technical  bodies  have  been  organized,  which  are,  of  course,  quite  out- 
side of  politics.  They  include  a  chief  road  engineer,  residing  at  the 
Capital  of  the  Department,  near  the  Prefet,  and  having  charge  of  all 
the  Chemins  Vicinaux  of  the  Departement. 

Each  Departement  is  divided  into  three  or  four  political  districts 
headed  by  a  Sous  Prefet,  and  called  an  Arrondussement.  In  each 
Capital  of  each  district  there  resides  a  district  road  engineer  v?ho 
is  under  the  orders  of  the  chief  road  engineer  and  has  charge  of  all 
the  Chemins  Vicinaux  of  the  Ai-rondissement. 

Each  Arrondissement  is  divided  into  eight  or  nine  judicial  districts, 
named  Cantons,  each  of  which  also  has  its  small  Capital,  in  which  re- 
sides an  assistant  road  engineer  who  has  charge  of  all  Chemins 
Vicinaux  included  in  the  Canton.  He  is  under  the  orders  of  the  dis- 
trict road  engineer. 

Finally,  all  roads  in  a  Canton  are  divided  into  sections,  each  having 
an  average  length  of  4  miles,  and  on  each  of  these  sections  the  cele- 
brated French  Cantonnier,  or  road  patrolman,  works  constantly  with 
his  pick-axe,  shovel,  shrub,  and  wheel-barrow.  These  Cantonniers 
are  under  the  orders  of  the  assistant  road  engineer.  A  few  of  them 
have  a  shorter  section,  and  they  look  after  the  work  of  their  neighbors, 
as  foremen  (Chefs  Cantonniers).  The  Cantonniers  are  simple  laborers, 
generally  of  agricultural  training,  and  are  not  required  to  have  any 
special  knowledge  in  order  to  enter  the  service.  They  are  only  expected 
to  be  of  respectable  behavior,  to  be  able  to  read  and  write,  and  to  be 
steady  and  trustworthy  workers. 

It  is  evident  that  every  square  yard  of  French  roads  is  under  the 
permanent  care  of  a  patrolman,  of  a  chief  patrolman,  of  an  assistant 
road  engineer,  of  a  district  road  engineer,  and  of  a  chief  road  engineer. 
All  these  men  form  a  hierarchy,  with  the  Prefet  as  the  head.  Any 
complaint  by  the  people,  or  their  representatives,  to  the  Prefet  is  prop- 
erly attended  to. 

All  members  of  the  road  service,  from  the  patrolman  to  the  chief 
engineer,  work  under  a  civil  service  law.  When  they  have  once  entered 
the  service,  they  can  only  be  dismissed  in  case  of  serious  misbehavior. 
They  are  promoted  at  regular  intervals,  with  better  pay,  and  when  they 
retire,  after  thirty  years'  work,  they  get  an  old  age  pension. 

Most  of  the  patrolmen  lack  sufficient  knowledge  to  become  assistant 
engineers.  The  latter  are  recruited  by  public  competitive  examinations, 
taking  place  every  two  or  three  years,  from  among  young  men  who  have 
studied,  by  themselves  or  in  school,  the  necessary  subjects  such  as  the 
elements  of  mathematics,  surveying,  drafting,  designing,  and  road  con- 
struction and  maintenance.  The  boys  employed  as  helpers  for  drafting, 
designing,  and  surveying,  in  the  offices  of  road  engineers,  also  generally 
undergo  these  public  examinations.     Their  practical  experience  serves 


PuUigny. 
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Mr.  them  well,  and  most  of  them  succeed.  The  district  engineers  are  gen- 
■  erally  chosen  from  among  the  most  able  and  experienced  of  the  assist- 
ant engineers  who  have  had  many  years  of  service.  The  chief  engineer 
for  the  whole  Department  may  have  been  previously  a  district  en- 
gineer, but  it  is  not  obligatory.  In  some  cases  he  was  formerly  a  civil 
engineer,  a  graduate  from  one  of  the  principal  schools,  an  architect, 
or  an  Ingenieur  des  Fonts  et  Chaussees. 

Table  1  shows  the  number  of  chief,  district,  and  assistant  road  en- 
gineers in  each  of  the  46  Departments  where  a  special  road  service 
has  been  organized. 

TABLE   1. — Number  of  Engineers,  Etc.,  on  French  Roads  in 
Departments  Having  a  Special  Road  .Service. 


Departments. 


Chief  Road 
Engineers. 


District  Roa 
Engineers. 


Assistant  Ruad 
Engineers. 


Field  and  Office 
Graduate 
Assistants. 


Ain 

Aisne.. 

Hautes  Alpes 

Ardennes 

AriSge 

Aude 

Calvados 

Cher 

Correze 

Creuse 

Dordogue 

Doubs 

Eure 

Gard 

Haute  Garonne 

Gironde 

Hgrault 

lUe-et-Vilaine 

Indre-et-LiOire 

IsSre 

Jura 

Landes 

LozSre 

Manche 

Haute  Marne 

Meuse 

Morbihan 

Nievre 

Nord 

Orne 

Puy-de-D6me 

Pyr6nees-0rientales.. 

Haut  Rhin 

Rhone 

Haute  Saone 

Sart  he 

Seine-et-Oise 

Seine-Inf  ^rieui  e 

Deux  Sevres 

Somme 

Tarn 

Tarn-et-Garonne 

Vendue 

Vienne 

Vosges 

Yonne 


41 
55 
22 
83 
32 
49 
34 
21 
33 
37 
42 
26 
44 
36 
48 
48 
49 
87 
25 
52 
36 
25 
19 
51 
33 
39 
25 
30 
53 
36 
53 
25 
5 
32 
34 
34 
51 
50 
31 
45 
28 
20 
26 
32 
34 
42 


46 


3 
21 
11 
12 
10 
16 
48 
15 
16 
15 
30 
10 

c> 

14 
3 
14 
10 
9 
28 
15 

'6 

3 

29 

4 

13 

17 

29 

12 

15 

18 

13 

6 

15 
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As  examples,  statements  will  be  piven  concerning:  the  salaries  of  Mr. 
the  road  engineers  and  assistants  in  two  Departments:  In  Seine-et- 
Marne  (population  =  358  325 ;  area  =  2  300  sq.  miles)  the  service  is 
entrusted  to  the  Ingenieurs  des  Fonts  et  Chaussees ;  in  Seine-et-Oise 
(population  =  TOY  325 ;  area  =  2  170  sq.  miles)  there  is  a  special 
service  of  departmental  road  engineers. 

Departme.nt  of  Seine-et-!M.\rne. 
(Road  Service  Entrusted  to  the  Government  Civil  Engineers.) 
The  body  of  Government   Civil  Engineers    (Fonts   et   Chaussees) 
was  created  on  February  1st,  1716.  and  the  Ecole  des  Fonts  et  Chaus- 
sees, for  the  education  of  such  engineers,  was  founded  in  1750. 

The  classes  and  salaries  in  the  body  of  the  Fonts  et  Chaussees  are 
as  follows:  .        ,     , 

Annual  salary. 

Inspecteur    General.  ..  .^2  900  to  $3  400,  according  to  seniority. 

Ingenieur  en  Chef 1  900  to     2  300  "  "  " 

Ingenieur   Ordinaire...      965  to     1350  "  "  " 

In  addition  to  their  Government  work,  these  engineers  are  allowed 
to  work  for  departments,  cities,  chambers  of  commerce,  etc.  From  this 
and  from  other  supplements  given  by  the  State  itself  nearly  all 
engineers  earn  at  least  $200  yearly.  Many  earn  more,  and  the  sup- 
plements of  a  few  equal  or  exceed  their  State  salary. 

The  State  salaries  of  their  assistants  are  as  follows: 

Conducteurs  (Assistant  Engineers),  $425  to  $965  per  annum,  accord- 
ing to  seniority. 

Comtnis  (Office  and  Field  Graduate  Assistants),  $280  to  $675  per 
annum,  according  to  seniority. 

After  30  years  of  employment,  all  engineers  and  assistants  are 
granted  an  old  age  pension  of  about  one-half  of  the  highest  salary  they 
have  obtained.  Besides  their  State  salary  and  supplements,  the  engineers 
and  their  assistants  receive  the  following  fees  for  their  departmental 

road  service : 

Annual  fee. 

Fonts  et  Chaussees:  Chief  Engineer ^^^^^^ 

District  Engineer 575 

Conducteurs  (Assistant  Engineers)  .$123  to  $192,  according  to  seniority. 

Otfice  Assistants:    Head  clerks 210  to    385  ''  "  '' 

Typewriters   and   field   and  office   as- 
sistants         50  to    150 

The  patrolmen  are  special  for  the  Departmental  Road  Service. 
Their  monthly  salary  is  as  follows,  according  to  seniority : 

Chief  Patrolman $25  to  $27 

Patrolman     19  to     21 
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Mr.  Wlien  these  officials  are  ordered  to  travel  outside  the  limits  of  the 

^°^'  city  in  which  they  reside,  they  receive  traveling  expenses. 

During  1912  the  total  salaries,  traveling,  and  sundry  expenses  for 
the  road  officials,  including  patrolmen,  in  the  Department  of  Seine-et- 
j\[arne,  amounted  to  $28  000. 

Department  of  Seixe-et-Oise. 

(Special   Departmental  Road   Service.) 
The  salaries  and  old   age  pensions   after   30  years'   service   are   as 
follows : 

Annual  pension 
after  30  years' 
Annual  salary.  service. 

Agent  Voyrr  en  Chef   (Chief  Road  En- 
gineer      $1 920  $1 440 

District  Engineer $960  to    1 100  825 

Assistant  Engineer  480  to       850  640 

Office  and  Field  Graduate  Assistants 280  to       575  430 

Monthly  salary. 

Chief    Patrolman $22        to       $25  121 

Patrolman    16.50  to         19  100 

Many  employees  also  receive  various  supplements  for  the  high  cost 
of  living  in  certain  cities,  help  to  large  families,  extra  work,  traveling 
expenses,  etc. 

The  total  of  these  expenses  for  the  office  staff  in  the  Department 
during  1911  was  $10  400.  The  total  expense  for  patrolmen  and  chief 
patrolmen,  including  all  sundry  expenses,  was  $72  500. 

These  two  Departments  are  near  Paris,  where  the  cost  of  living  and 
all  salaries  are  high.  In  many  other  Departments,  the  salaries  would 
be  smaller  by  10  and,  in  a  few,  by  25  per  cent. 

The  total  expense  for  the  Chemins  Vicinaux  of  all  classes  during 
1910  amounted  to  $37  500  000,  as  follows: 

Regular  maintenance $26  355  000 

General  repairs   2  100  000 

Building  new  roads 4  420  000 

Land  acquisitions   890  000 

Sundry  expenses   335  000 

Salaries  and  general  expenses 3  400  000 

Total    $37  500  000 

Administrative   and   Financial    Organization    of   the    French    Ro.\d 

System. 

The  engineers  of  the  road  service  not  only  build  new  roads  and 
maintain  existing  ones,  but  take  an  important  part  in  the  administra- 
tive and  financial  working  of  the  road  system. 
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The  assistant  engineers  walk  nearly  all  day  on  the  roads  of  their  jir. 
district,  or  they  may  ride  on  a  bicycle,  in  a  carriage,  or  in  an  auto-  P^^^'sny- 
mobile.  They  constantly  meet  the  elected  Mayors  of  the  small  towns, 
and  they  know  all  the  needs  of  the  people.  Knowing  also  approximately 
the  available  resources  for  the  coming  year,  they  prepare,  for  each 
township  and  for  each  road  of  their  district,  a  scheme  for  maintenance 
expenses  and  for  the  building  of  new  roads.  They  send  their  reports 
to  the  district  engineer  who  siuns  them  up  and  makes  any  changes  he 
deems  necessary. 

All  the  district  engineers  forward  their  reports  to  the  chief  engineer 
who  designs  a  general  scheme  for  the  maintenance  and  building  of 
new  roads  in  the  whole  Department.  Each  town  or  village  has  its 
snuill  elective  body  which  is  called  to  deliberate  on  the  road  work  and 
on  the  expense  in  which  it  is  concerned.  A  Bill  for  this  scheme  is  then 
discussed  by  the  Department's  Legislature  in  its  annual  session,  and 
may  undergo  some  changes.  The  appropriation  is  finally  voted,  and 
the  works  are  then  carried  out  with  no  more  intervention  on  the  part  of 
the  political  representatives,  the  road  engineers  acting  only  under  the 
authority  of  the  Prefet.  The  expense  is  levied  on  the  town  or  village 
as  a  public  tax,  even  if  the  people  do  not  approve  of  it. 

The  Chemins  Vicinaux,  thus  taken  care  of  by  the  Department,  are 
the  Chemins  de  Grande  Communication  which  connect  two  or  more 
towns  or  villages.  In  such  cases  it  is  admitted  that  the  maintenance 
of  the  roads  must  not  be  entrusted  to  the  townships,  because  one  town 
might  do  its  share  of  the  work  and  suffer  because  the  other  town  would 
not  do  the  same;  therefore,  the  money  is  provided  by  the  town  taxes, 
but  the  direction  of  the  work  is  assured  by  the  Department. 

The  construction  of  new  Chemins  de  Grande  Communication  is  un- 
dertaken by  the  Department  for  the  same  reason,  but,  in  this  case, 
there  is  an  important  difference  as  to  the  origin  of  the  funds.  Instead 
of  providing  all  the  money  from  municipal  revenues,  the  towns  only 
give  a  part  of  it,  and  the  remainder  is  appropriated  by  the  Department 
from  its  share  of  certain  taxes,  the  amount  of  which  is  divided  between 
the  Central  State,  the  Department,  and  the  towns.  The  sharing  of 
the  expense  between  the  town  and  the  Department  is  provided  in  accord 
with  definite  rules,  in  which  both  the  needs  of  the  township  and  its 
resources  are  considered. 

The  total  revenue  produced  by  certain  taxes  is  supposed  to  be  an 
index  of  the  comparative  wealth  of  the  townships,  and  the  area  of  their 
district  is  considered  as  a  measure  of  their  needs  for  roads.  The 
revenue  being  divided  by  the  area,  the  quotient  is  considered  as  an 
index  number  by  which  the  townships  are  classified,  and,  for  a  certain 
index  number,  they  may  receive  a  definite  percentage  of  help  from 
the  Department,  as  high  as  85%  for  a  verj-  poor  township  with  a  very 
wide  area  needing  very  long  roads. 
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Mr.  A  similar  classification  is  made  in  the  Departments  on  the  same 

■  double  basis  of  wealth  and  area,  and  an  annual  appropriation  from  the 
Central  Government's  fund  is  divided  between  the  Departments  as  a 
Niational  aid  for  the  construction  of  their  roads.  This  appropriation 
amounted  to  only  $2  000  000  in  1910.  It  has  been  larger  in  certain 
other  years. 

Such  is  the  technical,  administrative,  and  financial  system,  and  it 
has  worked  satisfactorily  in  France  for  nearly  a  century.  It  only 
applies  to  the  Chemins  Vicinaux  de  Grande  Communication  which 
concern  two  or  more  towns  or  villages. 

As  for  the  Chemins  Vicinaux  Ordinaires,  Chemins  Ruraux,  and 
Rues  (streets)  which  concern  only  one  town  or  village,  the  Mayors  are 
free  to  build  and  maintain  these  roads  out  of  the  municipal  funds,  as 
they  wish.  In  fact,  all  the  villages  and  small  towns  voluntarily  entrust 
their  road  work  to  the  assistant  road  engineer  whom  they  see  daily, 
and  he  does  it  for  a  small  fee.  If  a  town  is  more  important,  if  it  has 
a  few  municipal  works  of  sewerage,  water,  gas,  or  electricity,  to  be 
looked  after  besides  the  road  work,  a  special  engineer  is  appointed  and 
takes  care  of  the  whole.  If  a  city  is  still  more  important,  one  or  more 
municipal  engineering  services  are  organized.  The  municipal  en- 
gineering services  of  the  City  of  Paris  are  extremely  complete,  and 
their  organization  is  most  remarkable,  from  every  point  of  view. 

A  few  words  may  be  devoted  to  two  other  divisions  made  by  the 
the  laws  of  the  past  in  reference  to  the  French  roads,  namely,  the 
Routes  Departementales  and  the  Chemins  d'Interet  Commun,  which  are 
nothing  more  than  types  of  Chemins  de  Grande  Communication. 

The  difference  in  names  carries  a  few  changes  in  the  rviles  governing 
the  management  of  these  roads  and  the  corresponding  funds.  These 
changes  are  not  directed  toward  simplicity.  For  many  years  the  ten- 
dency in  all  Departments  has  been  to  have  only  one  class  of  roads,  the 
Chemins  de  Grande  Com,munication.  No  more  Chemins  d'Interet 
Commun  are  created,  and  every  year  some  Routes  Departementales  are 
dropped  from  the  official  lists,  and  are  afterward  considered  as  Chemins 
de  Grande  C ommunication.  The  length  of  the  Routes  Departementales 
has  decreased  from  29  500  miles,  in  1869,  to  8  100  at  the  present  time. 

On  January  1st,  1911,  the  395  729  miles  of  Chemins  Vicinaux  were 
distributed  as  shown  in  Table  2. 

As  previously  stated,  there  are  also  8  100  miles  of  Routes  Departe- 
•  mentales  and  24  000  miles  of  Routes  Nationales,  forming  a  grand  total 
of  428  000  miles  of  roads  of  all  classes. 

The  building  and  maintenance  expenses  of  the  Chemins  Vicinaux 
have  varied  according  to  time  and  place,  but  the  figures  in  Table  3 
give  an  idea  of  what  they  usually  cost.  The  lengths  considered  include 
only  the  roads  accepted  or  under  construction. 
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TABLE   2. — Chemins   Vicinaux. 


Mr. 
PuUigny. 


Condition. 

Dk  Grande 
Communication. 

D'lNTERET 
COMMUN. 

Ordinaires. 

Totals. 

Miles. 

Miles. 

Miles. 

Miles. 

Accepted  and   regularly 

107  000 
287 
970 

47  200 

302 

1770 

178  000 

6  700 

58  500 

3:32  200 

Under  construction 

7  289 
56  240 

Total 

108  257 

49  272 

238  200 

895  729 

TABLE  3. — Usual  Cost  of  French  Roads. 


Aver- 

AOE 

Approximate  Cost  of  : 

Width, 

IN 

Yards. 

■£005 

Building. 

Annual  Maintenance. 

av 

73 -O 

'«'2 

Classes. 

>>0 

6 

^'B 

0 

4j  4> 

j3-a 

Total 

Per 

0)  0 

Total 

a 

S^ 

H 

Ditc 
inclu 

Ditc 
exclu 

expense. 

mile. 

expense. 

ll 

^^ 

■".B 

pl^-y 

a. -5 

Routes  Nationales 

23  800 

20 

15H 

$300  000  000 

$12  600 

$0.36 

$6  500  000 

$270 

$0.0099 

Routes  Departementales. 

8  100 

14 

11 

6:^000  000 

7  750 

0.82 

15C0  000 

185 

0.0095 

Chemins      \  icinaux      de 

Grande  Communication. 

107  300;  10?^ 

m 

665  000  000 

6200 

0.33 

16  900  000 

157 

0.0105 

D'Interet  Commun 

47  50010 

7H 

178  000  000 

3  750 

0.21 

6  000  000 

126 

0.0095 

Ordinaires 

184  700 

9 

^i4 

457  000  000 

2  470 

0.16 

14  500  000 

78 

0.0068 

Totals 

871700 

$1  663  000  000 

$45  400  000 

For  comparison  the  figures  relating  to  the  Routes  Nationales  have 
been  reproduced,  and  also  some  for  the  Routes  Departementales. 

The  total  length  of  French  roads  is  nearly  372  000  miles,  and  their 
total  cost  may  be  considered  roughly  as  more  than  $1  500  000  000.  The 
difference  between  these  372  000  miles  and  the  total  of  428  000  pre- 
viously given,  results  from  the  omission  from  Table  3  of  the  .56  240 
miles  which  have  only  been  designed.  There  are  also  about  155  000 
miles  of  farm  roads,  with  or  without  ditches,  metaled  roadway,  and 
maintenance. 

The  annual  maintenance  of  the  372  000  miles  of  regular  roads 
requires  nearly  $45  500  000,  the  share  of  the  Central  Government  being 
$6  500  000  and  that  of  the  86  Deparfements  nearly  $39  000  000.  This 
shows  a  contribution  of  about  $1  per  head  of  population. 


Mr. 
Pulligny. 


Mr. 
Brewer. 
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For  comparison,  a  few  rough  figures  are  given  in  Table  4  in  regard 
to  the  other  means  of  public  transportation  in  France,  long-distance 
railroads,  local  railroads,  road  cars,  canalized  rivers,  and  canals. 

TABLE   4. — Length,   Cost,  Etc.,  of  French   Kailroads,   Tram- 
ways, Canalized  Rivers,  and  Canals. 


Total 
building 
expense. 

Total 
length, 
in  miles. 

Average  Cost : 

Building 
per  mile. 

Annual  Maintenance. 

Total. 

Per  mile. 

Long-distance  railroads. . . 
Local  railroads 

$3  100  000  000 
370  000  000 

81  000  000 
161  000  000 

25  000 
5  200 
5  750 
4  350 
3  100 

$124  000 
71000 

18  600 
52  500 

831  000  000 
1  610  000 

1  160  000 
960  000 

$1240 
310 

Tramways  (road  cars) 

Canalized  rivers 

266 

Canals 

310 

Grand  totals 

43  400 

$34  730  000 

The  total  length  operated,  the  total  freight,  in  American  tons  per 
mile,  and  the  total  revenue  of  railroads,  are  given  in  Table  5. 

TABLE  5.^ — Length,  Travelers,  Freight,  Revenue,  Etc.,  on 
French  Railroads,  Canals,  Roads,  Etc. 


Railroads,  Canals,  etc. 

a 
o 

Number  of 

ti-avelers  at 

one  mile,  in 

millions. 

,  to  4) 

£82 

50    . 

t«.9§ 

O  " 

Net  Operating 
Revenue. 

Total. 

Per 
mile. 

Long-distance  railroads  (1908) 

Local  railroads  ( 1907) 

25  000 
4  7.30 

3  130 

4  350 
3  100 

34  100 
347  600 

9  900 
235 
157 

14100 
105 
30 

1  94(1 

2  000 
1880 
1880 

$330  000  000 
6  800  000 
3  700  000 

$  140  000  000 

1  500  000 

500  001) 

$5  650 
325 

Tramways  ( road  cars )  ( 1907 ) 

159 

National  roads 

1 

Departmental  and  vicinal  roads 

f 

Bertram  Brewer,  M.  Am.  See.  C.  E. — In  Massachusetts  there  are 
Boards  of  Survey  which,  to  a  certain  extent,  may  control  the  develop- 
ment of  the  roads  in  any  municipality.  Every  town  has  the  privilege 
of  accepting  a  State  law  which  provides  for  such  a  Board,  and,  in 
many  cases,  the  cities,  to  which  this  general  law  does  not  apply,  have 
secured  from  the  Legislature  a  special  act  governing  their  own  par- 
ticular cases.  These  laws  vary  somewhat,  but  they  are  all  framed  with 
one  end  in  view,  namely,  the  creation  of  a  board  which  may  guide 
and,  as  far  as  is  legally  possible,  control  the  design  of  the  va.rious 
municipal  highways  or  systems  of  highways. 
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111  the  City  of  Waltham  these  highways  are  classed  as  main  thor-  Mr. 
oughfares  or  interurban  roads,  local  thoroughfares  or  parkways,  and, 
thirdly,  residential  streets.  It  is  the  duty  of  the  Local  Board  to  record 
plans,  either  by  adopting  the  petitioner's  designs  or  by  making  its 
own,  which  will  secure  a  system  of  highways  to  fit  the  peculiar  needs 
of  the  place.  Much  can  be,  and  has  been,  done  toward  the  improve- 
ment of  municipal  street  systems.  It  is  a  fair  question,  however,  as  to 
whether  or  not  great  systems  of  highways,  either  State  or  National, 
can  be  built  up  in  this  way,  though  local  boards  are  often  broader- 
minded  than  one  would  expect,  especially  if  they  are  intelligently  and 
tactfully  advised  by  a  competent  engineer. 

The  speaker  wants  to  make  a  plea  for  more  consideration,  on  the 
part  of  engineers,  for  some  of  those  things  which  cannot  be  determined 
altogether  by  the  transit;  a  consideration  of  those  factors  which  make 
for  more  permanent  values,  not  only  in  the  road  itseK,  but  in  the 
abutting  property;  a  consideration  of  the  fact  that,  as  Stevenson  puts 
it,  "every  year,  as  a  road  goes  on,  more  and  more  people  are  found 
to  use  it  and  others  are  raised  up  to  repair  and  perpetuate  it  and 
keep  it  alive";  and,  he  might  have  added,  ''to  build  beside  it". 

Two  factors  which  contribute  to  this  permanency  of  values,  not  only 
to  the  road  itself,  but  also  to  its  surroundings,  are  often  ignored, 
namely,  adequate  drainage  and  the  development  of  suitable  and  attrac- 
tive building  sites.  The  engineer  fails  to  remember  that  drainage  of 
the  road  itself  is  no  more  essential  than  a  location  which  will  admit 
of  inexpensive  and  adequate  drainage  of  the  whole  territory  which  it 
serves.  It  is  time  also  for  him  to  remember  that  even  the  larger 
systems  of  highways  will  be  built  on  sooner  or  later,  and  the  character 
of  the  building  sites  which  they  are  designed  to  develop  and  serve,  on 
account  of  appropriate  and  attractive  location,  is  becoming  appreciated 
more  and  more  by  the  people  of  the  United  States.  Highways  of  any 
sort  cannot  be  designed  and  engineered  in  the  same  way  as  a  railroad 
system,  for  itself  and  its  own  particular  uses  alone.  Its  surrouiuliugs 
are  as  important  as  itself,  and  too  often  are  entirely  overlooked. 

Nei.sox  p.  Li:wis,  M,  Am.  Soc.  C.  E. — Highways  are  intended  Mr. 
primarily  to  supply  means  of  communication  and  transportiition,  to 
permit  travel  from  place  to  place  with  a  minimum  of  effort  and  resist- 
ance and  in  the  least  possible  time.  The  importance  of  an  intelligent 
and  rational  system  of  roads  has  not  been  appreciated.  Much  attention 
has  been  devoted  to  details  of  construction,  and  properly,  but  there 
has  been  too  little  regard  for  the  real  purpose  of  the  highway.  Much 
has  been  said  and  written  about  the  planning  of  the  streets  of  townis, 
but  little  about  the  design  of  the  system  of  rural  highways  leading  to 
and  from  towns  and  cities,  and  yet  the  difference  is  largely  one  of 
scale,  rather  than  of  principle.     The  considerations  which  should  con- 
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Mr.  trol  the  development  of  a  system  of  highways  in  city,  county,  or  state, 
■  have  been  quite  generally  disregarded,  the  chief  aim  usually  having 
been  simply  to  aiford  access  to  the  abutting  plot,  estate,  or  farm. 

The  first  highways  in  the  United  States  were  developed  in  a  very 
crude  fashion.  They  followed  lines  of  least  resistance;  the  road  surface 
was  the  natural  soil;  the  grades  were  necessarily  light,  owing  to  the  poor 
surface,  and  therefore  the  roads  were  circuitous.  As  the  communities 
which  these  roads  connected  grew  in  population  and  importance,  a  better 
road  surface  was  demanded,  but  little  attention  was  given  to  the  straight- 
ening of  lines  in  order  to  furnish  more  direct  routes.  Little  regard  has 
been  paid  to  the  general  appearance  and  attractiveness  of  highways 
between  centers  of  population.  In  many  cases  the  main  connecting 
roads  lead  from  some  seeondaiy  or  shabby  street  in  one  town  or  city  to 
a  street  of  the  same  class  in  another  town ;  the  impression  which  the 
user  of  the  road  gets  of  both  towns  is  unfavorable,  and  the  highway 
loses  much  in  attractiveness  and  dignity.  If  such  a  connecting  road 
approached  and  entered  a  town  along  well-designed  roads  and  streets, 
increasing  in  importance  and  dignity  until  the  civic  center  was  reached, 
travel  over  them  would  be  a  pleasure  as  well  as  a  mere  attempt  to  get 
somewhere. 

Every  city  and  town  has  a  straggling  system  of  roads  running  out 
into  the  suburbs,  which  some  day  will  become  important  streets,  if  not 
thoroughfares,  but  they  are  frequently  allowed  to  remain  straggling 
roads  until  the  development  of  the  abutting  property  has  advanced  so 
that  a  widening  and  straightening  will  involve  an  expense  which  is 
prohibitive.  To  advocate  the  improvement  of  such  roads  in  anticipa- 
tion of  future  growth  requires  courage,  and  will  result  in  criticism  from 
some  quarters.  To  allow  them  to  remain  until  necessity  demands  their 
improvement  may  be  easy,  but  such  a  course  cannot  be  justified. 

Mr.  James  Owen,  M.  Am.  Soc.  C.  E. — To  appreciate  the  development 

of  any  of  the  systems  of  highways  in  the  United  States,  the  condition 
of  the  country  must  be  considered.  There  are  perhaps  three  or  four 
methods  of  development:  In  the  pioneer  development,  which  took 
place  during  the  Colonial  era,  when  a  man  built  a  house  distant  from 
his  neighbors,  he  built  a  road  to  it.  He  generally  put  his  house  on  a 
hill.  The  road  finally  was  extended  into  a  main  highway,  and  that  is 
why  a  great  many  of  the  highways  of  the  Eastern  States  are  not 
properly  located  and  are  bad  in  grade  and  alignment;  but  they  are 
fixtures.  The  developments  along  them  preclude  any  main  deviation 
from  their  original  location.  About  1820  the  Government  formulated 
the  purpose  of  taking  the  Mississippi  Valley  and  staking  out  the 
whole  country  in  one  section.  The  rule  was  to  have  a  north  and  south 
road  for  each  mile.  The  problems  of  direction  and  ease  of  access  were 
ignored,  and  even  the  question  of  grade  was  not  considered. 


Owen 


Schaeffer. 
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The   groat   necessity   of   wagon    travel   to-day   is   through   roads    in     Mr. 
every  locality  where  there  is  a  growing  population.    There  is  an  utter 
lack  (if  local  aiipreciation  of  through  highways. 

Amos  Schaekkkh.  M.  Am.  Soc.  C.  E. — France  has  undoubtedly  the  Mr. 
best  and  most  highly  organized  system  of  highways  of  any  nation  in 
the  world.  The  systematic  construction  and  maintenance  of  its  public 
roads  probably  also  dates  back  farther  than  that  of  any  other  country. 
The  method  by  which  the  money  is  raised  to  construct  and  maintain 
the  roads  under  the  jurisdiction  of  the  different  authorities  is  indi- 
cated by  their  classification. 

Nearly  every  nation  exercises  more  or  less  control  over  its  high- 
ways, depending  on  their  character  and  use.  Where  such  control  is 
exercised,  the  roads  are  usually  divided  into  two  or  more  classes 
which  indicate  whether  they  are  main  or  secondary  highways,  and  also 
largely  under  what  governmental  jurisdiction  they  are.  This  classifica- 
tion is  very  minutely  carried  out  in  France  and  represents  the  rela- 
tive importance  of  the  roads  as  arteries  of  traffic.  In  most  other 
countries  there  are  not  more  than  two  or  three  classes.  Germany  is 
perhaps  the  most  important  exception  to  this  method  of  control.  It 
has  no  control  over  its  highways,  except  in  Alsace-Lorraine. 

Ill  the  United  States,  during  the  past  decade,  a  great  many  States 
have  appropriated  funds  and  created  organizations  for  the  improvement 
of  the  public  highways.  As  these  improvements  are  raade,  roads  pass 
from  local  to  State  control,  and  the  speaker  predicts  that  the  time  is 
near  at  hand  when  the  Federal  Government  will  also  take  an  active  part 
ill  highway  construction.  It  is  even  now  exerting  a  great  influence  by 
encouraging  the  improvement  of  roads  in  various  ways,  recommend- 
ing road  materials,  superintending  the  construction  of  experimental 
roads,  and  distributing  literature  on  the  subject  throughout  the  coun- 
try. When  the  Federal  Government  does  take  an  active  part  in  road 
construction,  the  "Design  of  Highway  Systems"  will  be  on  broader 
lines  than  has  yet  been  attempted. 

In  these  remarks  the  speaker  will  confine  himself  to  the  location  of 
roads  rather  than  to  the  design  of  the  cross-section  of  the  roadway, 
drainage,  road  materials,  methods  of  construction,  and  various  other 
matters  which  form  more  particularly  a  part  of  the  details  of  the 
design  of  highways. 

The  agitation  for  better  roads  has  an  international  scope.  The 
problem  of  co-ordinating  and  relocating  existing  roads,  locating  new 
ones  to  form  national  highways,  and  connecting  them  with  those  which 
will  be  built  by  other  countries  is  one  for  the  Federal  Government  to 
solve  rather  than  the  individual  States. 

The  first  considerations  in  the  design  of  highway  systems  are  line 
and  grade,  but  these  are  influenced  by  a   great  many  other  circum- 
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Mr.  stances.  The  most  direct  line  between  two  large  cities  may  be  through 
Sc  ae  er.  ^  ^^^^  hilly  intervening  country,  and  the  best  grades  which  could  be 
obtained  on  a  direct  line  might  be  prohibitive  to  heavy  traffic.  The 
maximum  gradient  to  be  used,  therefore,  will  have  to  be  determined 
before  the  horizontal  location.  The  adoption  of  a  maximum  gradient 
will  possibly  increase  the  distance  between  the  objective  points  very 
materially,  but  distance  must  always  be  sacrificed  to  grade.  If  a  main 
highway  is  to  be  constructed  between  large  cities,  some  distance  apart, 
there  may  be  smaller  intervening  cities  lying  to  the  right  or  left  of 
the  most  direct  line  which  might  be  located  on  account  of  the  estab- 
lished gradient.  It  might  be  more  economical  to  locate  such  a  highway 
through  these  intervening  cities,  even  at  the  expense  of  distance,  than 
to  connect  them  with  the  main  highway  by  branch  roads.  It  might 
also  be  desirable  to  follow  along  the  foot  of  a  hill  where  protection 
from  the  sun  in  summer  and  from  snow  in  winter  would  be  afforded 
by  trees  and  shrubbery,  instead  of  going  directly  across  a  barren  plain. 
Where  draft  animals  are  used,  fresh  water  may  be  a  consideration  to 
be  taken  into  account.  It  will  be  seen,  therefore,  that  there  are  a 
great  many  considerations  which  exert  an  influence  on  the  location  of 
a  main  highway. 

The  influences  which  the  speaker  has  outlined  as  affecting  the  loca- 
tion of  a  highway,  except  the  question  of  grades,  apply  more  particvi- 
larly  to  new  highways.  The  routes  of  existing  highways  are  already 
determined,  so  that  there  is  less  choice  of  selection. 

The  State  engineer  is  often  confronted  by  other  problems.  It  is 
usually  his  duty  to  transform  a  country  earth  road  into  a  modern 
first-class  highway.  In  this  case,  also,  the  established  maximum  gradi- 
ent should  not  be  exceeded,  even  at  the  expense  of  changing  the  align- 
ment. The  other  considerations  probably  have  already  been  complied 
with.  It  may  be  necessary  sometimes  to  straighten  out  some  bad 
curves  or  to  widen  the  roadway  at  curves,  or  at  intersections,  to  re- 
duce the  danger  of  collision  between  fast-moving  vehicles.  When  this 
is  done,  a  judicious  treatment  of  existing  conditions  is  necessary.  For 
example,  an  old  roadway  may  be  well  sheltered  by  trees  which  protect 
both  the  road  and  the  users  of  it.  It  would  be  folly  to  cut  down  these 
trees  for  the  purpose  of  widening  the  roadway  at  an  intersection  where 
it  might  be  possible  to  construct  a  new  additional  roadway  behind 
them.  This  would  provide  two  roadways,  one  for  each  direction  of 
traffic,  which  would  be  better  than  one  wide  roadway  and  would  save 
the  trees  which  would  give  protection  to  both  roadways. 

Wherever  possible,  trees  and  shrubbery  should  be  saved  at  all 
points  along  a  public  highway.  The  esthetic  surroundings  along- 
such  a  highway  have  considerable  influence  on  various  phases  of  life. 
They  will  do  much  toward  keeping  people  in  the  country  instead  of 
having  them  move  to  the  cities.   They  also  have  a  tendency  to  distribute 
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people  from  the  cities  in  search  of  recreation  instead  of  concentrating       Mr 
them   in  amusement  and  pleasure  parks. 

The  width  of  a  roadway  is  a  question  which  requires  careful  con- 
sideration, and  is  governed  more  by  the  character  of  the  traffic  than 
by  any  other  factor.  A  long-distance,  through  highway,  on  which  the 
traffic  is  usually  of  the  high-speed  variety,  requires  less  width  of 
roadway  than  a  short  road  between  adjoining  villages  on  which  there 
is  a  mixed  traffic.  Two  automobiles  require  less  width  and  less  dis- 
tance to  pass  than  two  trucks.  A  road  connecting  two  villages  often 
accommodates  such  a  variety  of  traffic  as  automobiles,  trucks,  carts, 
pleasure  carriages,  perambulators,  pedestrians,  and  children  running 
loose.  Such  a  road  must  obviously  be  wider  than  one  which  accom- 
modates a  less  dense  and  more  rapid  traffic. 

In  addition  to  the  kind  of  roads  already  described,  there  are  those 
of  less  importance,  which  do  not  connect  distant  points,  but  connect 
smaller  places  with  each  other  and  with  the  main  highways.  In  the 
United  States  these  roads  are  destined  to  remain  under  the  control 
of  the  local  authorities  for  some  time  to  come,  and  with  but  com- 
paratively little  improvement. 

The  design  of  highway  systems  applies  to  cities  as  well  as  to  the 
country,  and  some  of  the  requirements  for  a  country  highway  apply 
also  to  city  streets.  Where  it  is  proposed  to  lay  out  a  system  of 
streets  for  a  new  city,  the  problem  is  comparatively  easy,  but  cities, 
as  a  rule,  have  not  had  their  birth  by  design.  The  problem  of  the 
design  of  a  street  system  is  usually  the  planning  of  streets  in  territory 
adjoining  a  city  already  in  existence,  or  the  alteration  of  streets 
already  built.  Where  the  adjoining  territory  is  undeveloped,  the  prob- 
lem is  also  comparatively  easy.  Probably  the  most  difficult  prob- 
lems in  street  design  are  the  cases  where  a  number  of  adjoining  towns 
are  annexed  to  a  larger  city.  A  good  example  of  this  is  the  annexa- 
tion to  New  York  City  of  the  territory  now  known  as  the  Boroughs 
of  Brooklyn,  The  Bronx,  Queens,  and  Richmond.  Each  of  these 
territories  comprised  a  large  area  of  vacant  land  over  which  were 
scattered  a  number  of  small  villages,  the  street  system  of  each  of 
which  was  oriented  differently  from  that  of  the  original  city,  and 
from  one  another.  The  solution  of  this  problem  is  undoubtedly  to 
develop  into  main  arteries  of  traffic  the  old  highways  connecting  the 
villages  with  the  city  and  with  one  another  by  widening  them  suffi- 
ciently to  accommodate  the  dense  traffic  which  is  sure  to  develop.  As 
in  country  roads,  it  may  also  be  necessary  to  straighten  them,  and 
this  may  be  done  with  less  regard  for  the  surrounding  topography 
than  in  the  case  of  coimtry  roads,  because  their  character  will  change 
as  the  city  expands.  The  width  of  the  roadway  is  also  governed  by 
the  demands  of  traffic,  but  that  of  the  street  to  which  the  city  takes 
title  should  be  governed  in  addition  by  the  character  of  the  develop- 
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Mr.       ment   which   will  follow.     In  New  York   City,   this  development  will 


Schaeffer, 


probably  be  apartment  houses,  and  therefore  light,  air,  and  access 
exert  a  more  controlling  influence  than  traffic.  This  is  a  factor  which 
is  often  lost  sight  of,  even  at  the  present  time.  The  result  is  that 
in  the  future,  when  expensive  buildings  occupy  the  streets,  they  will 
have  to  be  widened  at  great  expense. 

The  following  summary,   therefore,  may  be  made: 

The  location  and  design  of  international  and  interstate  highways 
should  be  imdertaken  by  the  Federal  Government,  that  of  other  roads 
and  streets  by  the  State,  county,  town,  or  city,  having  jurisdiction 
over  them. 

The  controlling  influences  on  the  location  of  highways  are  such 
grades  as  will  be  economical,  both  for  traffic  and  construction,  inter- 
vening cities  and  towns,  topography,  and  vegetation. 

For  through  city  streets,  the  controlling  influences  are  directions 
of  route,  sufficient  width  to  accommodate  traffic,  and  easy  gradients; 
for  streets  of  less  importance,  the  location  is  governed  by  topography, 
and  the  frontage  which  will  be  provided  for  private  development;  the 
width  is  governed  more  by  the  requirements  of  light,  air,  and  access, 
than  by  those  of  traffic. 

Mr.  J,   W.   Howard,   Esq. — The  road   problem   of  a   nation  or  state   is 

■  entirely   different   from   that   of    a   city.      The    highway   problem   has 

unconsciously  been  largely  discussed  from  the  standpoint  of  pleasure 

automobiles,  but  the  important  point  must  not  be  forgotten,  namely, 

that  roads  are  built  to  transport  vegetable  and  mineral  products. 

The  German  highway  system  in  the  Kingdom  of  Prussia  is 
excellent,  and  especially  in  the  Province  of  Hanover  where  it  is  de- 
signed to  obtain  the  maximum  wealth  of  the  soil  and  convey  it  by 
the  shortest  routes  to  the  centers  for  further  shipment  by  rail  to  the 
ultimate  consumers  in  cities,  and  for  export. 

The  radial  system  should  be  designed  to  reach  out  as  far  as  possible 
from  a  city.  Many  fine  highways  may  be  built,  but  unless  they  are 
linked  with  little  farms  and  country  places,  their  real  economic  pur- 
pose will  fail.  Local  roads  are  part  of  a  system.  They  can  be  nar- 
rower, and  can  be  constructed  with  less  expensive  surfaces  than  main 
arteries,  but  they  must  be  just  as  viable  as  the  main  highways;  other- 
wise, the  products  of  the  soil  are  blocked  from  coming  to  the  great 
cities.  This  system  of  main  roads  and  laterals  likewise  distributes 
the  products  of  the  central  producing  factories,  back  to  the  people 
who  have  extracted  and  supplied  the  products  of  the  earth :  the  true 
wealth  producers  of  a  nation. 

Mr.  C.  E.  Carter,  Assoc.  M.  Am.  Soc.  C.  E. — A  comprehensive  system 

'  is  needed  to  connect  all  the  towns  throughout  the  State.     The  town 

should    connect   with    the    State   system,    thereby   making   a    tentative 
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system  throug-h  its  limits  (considering  only  the  town  system,  regard-  Mr. 
loss  of  ownership).  At  present,  a  man  who  owns  a  small  piece  of  *  ®''' 
hmd  divides  it  into  house  lots  and  locates  the  streets  without  con- 
sideration of  the  continuity  of  the  highways.  If  the  town  system  is 
already  laid  out,  then  development  should  be  allowed  only  along  these 
lines,  unless  any  change  suggested  would  bettor  or,  at  least,  not  be 
detrimental  to,  the  town  system  as  a  whole.  This  can  be  accomplished 
by  the  town  refusing  to  accept  streets,  or  allow  municipal  improve- 
ments to  be  placed  in  any  street  not  shown  in  the  system  or  subse- 
quently approved  by  the  proper  authorities. 

F.  O.  Whitney,  M.  Am.  Soc.  C.  E. — Like  most  of  the  large  cities  ^r 
of  the  United  States,  Boston  is  made  up  of  several  other  cities  and  ^^^'tn^y- 
towns  which  have  been  annexed  at  different  tim&s,  and  each  of  these 
cities  and  towns  contained  several  centers.  In  1891  the  State  of  Massa- 
chusetts passed  an  act  requiring  the  City  of  Boston  to  appoint  a  Board 
of  Survey,  the  duties  of  which  should  be  to  plan,  immediately  and  as 
expeditiously  as  possible,  a  street  system  for  the  whole  city,  and  such  a 
Board  was  appointed.  In  189.5  its  duties  were  transferred  to  the  Board 
of  Street  Commissioners  which  has  charge  of  the  laying  out  of  all 
streets  in  the  city,  and  since  that  time  it  has  constituted  the  Board  of 
Survey  in  compliance  with  the  original  law. 

The  law  provided  that  these  streets  should  be  planned,  and  that 
their  directions,  widths,  and  grades  should  be  determined,  plotted,  and 
indicated  on  maps.  This  work  was  done  very  thoroughly,  the  undevel- 
oped portions  of  the  outlying  districts  of  the  whole  city  being  covered. 

Particular  attention  was  given  to  three  classes  of  streets : 

First,  the  connecting  thoroughfares  between  the  different  centers 
of  population  and  business.  These  were  made  as  direct  as  possible 
by  widening  and  straightening  the  old  streets.  The  new  widths  were 
determined  by  considering  the  probable  future  traflBc,  and  the  grades 
were  made  as  easy  as  possible  in  consideration  of  that  traffic.  Those 
streets  were  the  arteries. 

Second,  the  residential  streets,  which  filled  in  the  undeveloped  spaces 
between  the  little  villages.  Their  alignment  was  loss  direct.  The 
grades  were  allowed  to  be  steeper  where  necessary,  and  the  widths,  of 
course,  much  less  than  those  of  the  thoroughfares. 

Third,  a  class  of  roads  which  provided  for  pleasure  travel,  and  was 
largely  in  connection  with  the  parkways  and  the  park  system  reserva- 
tions of  both  the  State  and  city  parkways. 

The  law  required  that  whenever  ])ublic  convenience  demanded  that 
.streets  should  be  constructed  and  laid  out  as  public  highways,  the  plot- 
ted lines  and  grades  should  be  followed,  and  that  private  individuals, 
in  the  development  of  their  property,  should  also  conform  to  the  lines 
thus  laid  down.     The  penalty  imposed  on  individuals  for  not  following 
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Mr.       these  lines  is  that  the  city  is  prohibited  from  placing  any  public  works 
■  in  private  streets  which  are  not  constructed  on  these  lines  and  grades. 

The  topography  of  Boston  is  such,  and  the  settlement  of  the  terri- 
tory has  been  so  complete  in  centers,  that  it  has  been  impossible  to 
make  the  city  over  on  any  rectangular  or  other  systematic  development ; 
but  the  irregular  development  has  been  considered  by  some  as  ideal 
from  an  esthetic  standpoint. 
Mr.  A.  H.  Blanchard,  M.  Am.   Soc.   C.  E. — Highway  systems  may  be 

considered  from  the  standpoints  of  the  nation,  state,  county,  township, 
city,  town,  and  park.  In  this  discussion  the  problem  of  design  will 
be  limited  to  a  consideration  of  national,  state,  and  county  or  town- 
ship systems.  City  and  town  planning  present  many  features  peculiar 
to  each,  the  consideration  of  which  is  not  necessary  in  the  design 
of  the  systems  classified  above.  The  design  of  highway  systems  in- 
cludes consideration  of  the  social,  industrial,  and  agricultural  develop- 
ment of  a  country;  the  inter-relationship  between  highways,  railways, 
and  waterways;  the  methods  of  transportation  which  will  probably  be 
used,  such  as  horse-drawn  vehicles,  commercial  motors,  motor-busses, 
and  light  railways ;  and  the  limitations  of  grades  on  the  different  types 
of  roads  and  pavements  for  each  kind  of  traffic. 

A  national  system  for  the  United  States  would  necessarily  include 
trunk  highways  traversing  the  country  from  east  to  west  and  from  north 
to  south,  and  passing  through  the  great  centers  of  population,  and 
through  trunk  highways  forming  connections  between  the  important 
cities  and  these  main  highways. 

State  highway  systems  should  be  developed  on  the  French  plan, 
that  is,  main  trunk  highways  constructed  at  the  expense  of  the  State, 
and  county  highways  constructed  by  State  aid  under  its  supervision. 
Town  highways  may  or  may  not  be  constructed  with  financial  aid  from 
the  State,  but  they  should  receive  the  advantages  accruing  from  such 
aid  through  the  medium  of  its  engineering  department,  as  typified  by 
the  practice  of  the  State  of  New  York. 

With  the  adoption  of  this  plan  of  financing  the  construction  of 
State,  county  and  town  highways,  it  becomes  practicable  to  design  a 
comprehensive  system  of  State  trunk  highways  connecting  all  important 
industrial,  agricultural,  and  social  centers. 

The  county  system  may  be  built  up  within  the  State  system  on  the 
same  principle,  but  from  the  local  county  standpoint.  Under  this  plan, 
except  in  congested  districts,  town  highways  will  generally  be  feeders 
to  the  State  and  county  systems.  It  is  obvious  that  the  different  classes 
are  laid  out  by  the  unit  of  government  directly  affected.  It  is  like- 
wise apparent  that  if  in  a  lower  unit  rests  the  responsibility  covering 
improvement  of  highways  of  general  interest  to  a  higher  political  unit, 
vexatious  and  costly  delays  in  the  completion  of  the  system  of  trunk 
highways  will  probablj^  occur. 
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EQUIPMENT  FOR  THE  CONSTRUCTION  OF  BITUMINOUS 
SURFACES    AND    BITUMINOUS    PAVEMENTS. 

Francis  P.  Smith,  j\[.  Am.  Soc.  C.  E. — The  earliest  bituminous  Mr. 
pavements  laid  in  America  were  made  with  coal-tar,  and  the  first 
mixing:  methods  were  very  crude  indeed,  hand  labor  being  used 
almost  exclusively.  By  degrees,  suitable  machinery  was  devised, 
and,  as  the  industry  grew  and  sheet-asphalt  pavements  were  intro- 
(hiced  and  became  popular,  the  development  of  paving  plants  was 
very  rapid.  In  large  cities,  where  the  area  of  pavement  to  be  laid 
was  great,  the  plants  were  built  as  permanent  fixtures.  Where  only 
a  limited  amount  of  work  was  to  be  done,  the  investment  was  too  great, 
and  the  semi-portable  plant  was  therefore  developed.  This  was  de- 
signed so  that  it  could  be  taken  down,  shipped  to  some  other  place, 
and  set  up  again,  without  too  great  expense.  Next,  the  railway  plant, 
built  on  flat  cars,  was  devised.  This  was  a  great  improvement,  as  it 
could  be  taken  down  or  set  up  in  a  few  hours,  and  was  entirely  self- 
contained.  A  very  large  number  of  plants  of  this  type  are  now  in 
use  in  the  United  States. 

Tlie  permanent,  semi-portable,  and  railway  types  are  used  chiefly 
in  paving  town  and  city  streets,  as  hauling  is  expensive,  and,  in 
order  to  operate  economically,  the  plants  must  be  placed  near  the 
street  or  road  to  be  paved.  Where  large  and  heavy  machinery  is  in- 
volved, its  economical  transport,  of  course,  is  confined  to  railroads, 
which  are  an  absolute  necessity  where  such  plants  are  concerned. 

The  comparatively  recent  and  rapid  development  of  the  bituminous 
concrete  type  of  construction  for  country  highways  has  resulted  in 
still  another  plant.  Such  highways  are  frequently,  perhaps  usually, 
too  distant  from  railroads  to  make  it  possible  to  locate  a  mixing  plant 
on  tlie  line  of  the  railroad  and  economically  haul  the  hot  mixture  from 
it  to  the  work.  Even  if  this  could  be  done,  the  contracts,  owing  to 
local  conditions,  are  frequently  let  to  small  contractors  who  are  not 
able  to  purchase  large  mixing  plants.  Within  the  last  few  years,  there- 
fore, a  number  of  plants  have  been  designed  which,  for  lack  of  a  better 
term,  will  be  described  as  of  the  concrete-mixer  type.  Their  output 
is  relatively  small,  and  their  use  is  chiefly  confined  to  highway  work. 
They  are  not  as  economical  or  as  complete  as  the  larger  plants,  but 
when  properly  operated,  there  is  no  doubt  that  they  have  their  field 
of  usefulness.  , 

As  the  various  types  of  plants  have  been  described  elsewhere,  it  has 
seemed  more  important  to  the  speaker  to  discuss  the  principles  involved 
in   their  design   and   operation   than   to   attempt   to   describe   them    in 

detail. 

Regardless  of  the  type  of  plant  used,  three  distinct  operations  are 
involved  in  the  manufacture  of  bituminous  pavements  by  the  mixing 
method : 
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Mr.  1. — Drying  and  heating  the  mineral  aggregate, 

2. — Preparing    and    heating    the    asphalt    cement    or    bituminous 

cementing  material, 
3. — Mixing  the  hot  mineral  aggregate  with  the  hot  asphalt  cement. 

In  a  properly  designed  plant,  the  machinery  for  conducting  each 
of  these  operations  must  be  capable  of  handling  sufficient  material  to 
insure  the  required  output.  This  is  a  very  important  consideration, 
with  reference  not  only  to  the  time  required  to  complete  the  work, 
but  also  to  the  quality  of  the  mixture.  Given  ample  mixing  capacity, 
but  insufficient  drying  and  heating  capacity,  there  will  always  be  a 
strong  temptation  to  rush  the  material  through  the  dryer  and  mix  it  with 
the  bituminous  cement  before  it  is  dry  enough  and  hot  enough  to  in- 
sure the  proper  coating  of  the  mineral  aggregate.  With  the  condi- 
tions reversed,  the  time  of  mixing  each  batch  will  be  reduced  in  order 
to  keep  up  with  the  output  of  the  dryer,  and  this,  of  course,  will  result 
in  a  defective  mixture  in  which  the  bituminous  material  is  not  evenly 
distributed  throughout  the  mass  and  the  various  particles  are  not 
completely  coated. 

Where  the  drying  and  mixing  are  done  in  the  same  drum,  as  in  the 
modified  concrete-mixer  type,  the  temptation  first  mentioned  is  always 
very  strong.  Furthermore,  it  is  hard  to  obtain  correctly  the  tempera- 
ture of  broken  stone,  under  the  best  conditions,  and  in  most  plants 
of  this  kind  it  is  difficult  to  get  at  the  stone  to  test  it,  even  if  the 
machinery  is  stopped.  Frequent  stoppages,  of  course,  will  be  strongly 
objected  to  by  the  contractor,  and,  besides,  thermometers  are  frequently 
broken  in  this  kind  of  work.  Add  to  this  the  fact  that  these  plants 
are  usually  run  by  men  who  are  somewhat  inexperienced  (in  fact,  this 
is  given  by  some  manufacturers  as  one  of  the  great  arguments  in 
favor  of  this  type  of  plant),  and  it  is  not  difficult  to  account  for  some 
of  the  unsatisfactory  results  obtained. 

To  understand  more  clearly  just  what  is  involved  in  the  three 
operations  mentioned,  they  will  be  considered  separately. 

Drying  and  Heating  the  Mineral  Aggregate. — The  mineral  aggre- 
gate usually  consists  of  sand,  broken  stone,  gravel,  or  mixtures  of  these, 
and,  depending  on  the  kind  of  pavement  to  be  laid,  requires  heating 
to  a  temperature  between  250  and  350°  Fahr. 

Notwithstanding  the  fact  that  actual  paving  work  is  not  usually 
carried  on  in  rainy  weather,  it  is  frequently  necessary  to  run  very 
wet  sand  or  stone  through  the  dryer,  owing  to  its  exposure  to  the 
weather  or  because  freshly  dredged  sand  is  being  used.  Unless  ample 
drying  capacity  is  provided,  therefore,  the  outpiit  of  the  plant  when 
using  wet  mineral  aggregate  will  be  greatly  reduced.  Many  pavements 
are  laid  late  in  the  fall  or  in  early  winter,  and,  under  these  conditions, 
much  greater  drying  capacity  will  be  required  than  in  warm  weather. 
Where  the  conditions  vary  as  above  described,  or  late  in  the  season 
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when  the  difference  in  temperature  between  early  morninp:  and  noon    Mr. 

.      .  ,         ,      .  i  •         1.         1    Smith. 

IS  very  great,  any  attempt  at  regulating  the  drying  oi)eration  by  al- 
lotting a  fixed  time  for  it,  which  is  adhered  to  without  change  during 
the  day's  operations,  is  absurd  and  useless.  The  temperature  of  the 
mineral  aggregate  must  be  tested,  preferably  with  a  thermometer,  at 
frequent  intervals,  and  the  heating  period  must  be  changed  from 
time  to  time  as  found  necessary,  and  regulated  in  accordance  with 
the  results  obtained. 

In  an  asphalt  plant,  over-heating  has  to  be  guarded  against  care- 
fully and  continually,  yet  the  heating  capacity  of  the  concrete-mixer 
type  of  road  plants  is  usually  so  limited  that  the  tendency  is  to  under- 
heat  rather  than  over-heat  the  mineral  aggregate.  Care  should  be 
taken,  of  course,  to  prevent  over -heating  in  all  cases. 

When  a  mixture  of  sand  and  stone,  or  stone  of  different  sizes  is 
being  used,  care  must  also  be  taken  that  each  batch  of  material  is 
of  relatively  the  same  mesh  composition.  This  requires  great  care 
in  feeding  the  mineral  aggregate  to  the  dryer,  and,  unless  this  point 
is  insisted  on,  the  average  contractor  will  totally  neglect  it,  and  the 
resulting  pavement  or  roadway  will  be  hopelessly  lacking  in  uni- 
formity. Generally  speaking,  a  fine  mixture  requires  a  greater  quan- 
tity of  bitumen  than  a  coarse  one.  With  the  same  quantity  of  bitu- 
minous cement  to  each  batch,  marked  variations  in  the  mesh  compo- 
sition of  the  mineral  aggregate  will  result  in  a  pavement  which  is 
too  rich  in  some  spots  and  too  lean  in  others.  In  the  case  of  the  bitu- 
lithic  type  of  pavement,  in  which  the  grading  of  the  mineral  aggregate 
is  probably  carried  to  the  highest  point,  uniformity  of  mesh  com- 
position is  obtained  by  screening  the  heated  stone  into  separate  bins 
and  recombining  the  different  sizes  in  definite  proportions  by  weight. 

Preparing  and  Heating  the  Asphalt  Cement  or  Bituminous  Cement- 
ing Material— In  sheet-asphalt  paving  work,  the  refined  asphalt  is 
usually  fluxed  to  the  proper  consistency  with  a  heavy  residuum  oil 
or  flux,  although  in  some  cases  a  ready  prepared  asphalt  cement  is 
used.  In  road  work,  a  bituminous  cement  of  the  proper  consistency 
and  requiring  no  fluxing  is  almost  always  used.  It  should  be  melted 
in  kettles,  preferably  of  sufiicient  capacity  for  the  day's  run,  and 
constructed  so  that  they  will  not  tend  to  over-heat  or  unduly  harden 
the  material.  The  kettles  should  be  fairly  deep,  rather  than  shallow, 
as  this  will  minimize  the  hardening  of  the  melted  mass  because  of 
the  relatively  smaller  surface  exposed  for  the  evaporation  of  the 
lighter  oils.  The  best  practice  is  to  apply  a  slow  fire  until  the  material 
in  the  kettle  is  thoroughly  melted,  and  then  bring  it  up  to  the  tem- 
perature desired,  usually  about  300°  Fahr.  Where  the  kettle  capacity 
is  small  and  it  becomes  necessary  to  re-charge  it  while  in  use.  the 
tendency  is  to  increase  the  heat  unduly  in  order  to  melt  the  material 
rapidly  to  supply  the  demands  of  the  mixing  plant.  This  is  especially 
true  where  a  relatively  hard  and  solid  bitumen  is  being  used.    It  must 
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Mr.  always  be  remembered  that  the  bituminous  materials  harden  when  ex- 
'  posed  to  long-continued  or  high  heat ;  and,  when,  for  any  reason,  the 
material  in  a  melting  kettle  is  kept  heated  for  an  unusual  length  of 
time,  sufficient  flux  should  be  added  to  restore  it  to  its  original  con- 
sistency. This  is  well  understood  in  the  asphalt  paving  industry, 
where  the  consistency  of  each  kettle  of  asphalt  cement  is  determined 
by  the  penetration  machine  before  it  is  used,  and  is  brought  to  the 
proper  point  from  time  to  time  by  the  addition  of  flux. 

The  average  road  contractor  pays  no  attention  to  these  details,  in 
fact,  is  usually  ignorant  concerning  them,  and  the  speaker  often  wonders 
that  his  work  turns  out  as  well  as  it  does. 

Mixing  the  Hot  Mineral  Aggregate  with  Hot  Asphalt  Cement. — 
In  the  sheet:asphalt  paving  industry,  wbat  is  frequently  termed  a  twin 
pug  type  of  mixer  is  used.  In  this  there  are  two  parallel  shafts,  re- 
volved by  suitable  gearing,  and  attached  to  them  are  blades  which 
intermesh  with  each  other  and  are  at  different  angles  on  the  shaft 
(somewhat  in  the  same  waji  that  propeller  blades  are  placed),  so  that 
they  will  throw  the  mixture  from  the  ends  and  sides  toward  the  middle. 
Some  revolving-drum  mixers  of  the  concrete  type  are  provided  with 
blades  to  facilitate  the  mixing,  and  some  are  not.  Some  are  heated 
from  the  outside  and  in  others  the  products  of  combustion  pass  directly 
through  them.  The  time  required  for  mixing  a  batch  depends  on  its 
size  and  the  efficiency  of  the  mixer.  This  must  be  determined  for  each 
plant,  and,  once  determined,  should  be  adhered  to  rigidly.  In  no  case 
should  the  mixing  process  be  commenced  until  the  mineral  aggregate 
and  the  bituminous  cement  are  at  the  proper  temperature.  Assuming 
that  the  mixing  period  is  comparatively  short,  it  is  unnecessary,  and 
a  distinct  disadvantage  under  ordinary  conditions,  to  have  the  mixing 
drum  heated  or  the  products  of  combustion  pass  through  it  during  the 
process.  The  bituminous  cement,  when  applied  to  the  mineral  aggre- 
gate, coats  the  particles  with  an  extremely  thin  layer,  therefore,  at 
this  stage  of  the  operation,  it  is  peculiarly  susceptible  to  hardening  by 
excess  of  heat.  If  the  mineral  aggregate  and  bituminous  cement  are 
heated  to  the  proper  temperature  in  the  first  place,  the  bituminous 
material  will  remain  sufficiently  liquid  during  the  mixing  process  to 
coat  the  stone  properly.  If  either  of  them  is  too  cold  when  they  are 
brought  together,  they  should  have  remained  longer  in  the  dryer  or 
melting  tank,  and,  for  the  reason  above  stated,  no  attempt  should  be 
made  during  the  mixing  process  to  bring  them  up  to  the  temperature 
which  they  should  have  reached  before  they  were  mixed. 

A  paving  mixture  made  with  too  hard  an  asphalt  cement  will  be 
very  difficult  to  rake  or  spread,  and  impossible  to  compress  properly 
at  the  temperatures  at  which  normal  mixtures  are  ordinarly  handled 
on  the  street.  Raising  the  temperature  of  the  mixture  only  tends  to 
harden  it  still  further.  Mixtures  containing  too  hard  an  asphalt 
cement  will  not  give  proper  service,  as  they  will  crack  in  cold  weather 
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and  grind  out  under  trafHc.  and  do  not  provide  any  margin  of  safety     Mr. 
for  offsetting  the  hardening  action  of  time  on  all  bituminous  materials.  ' 

Of  course,  it  is  not  necessary  to  state  that  the  proportions  in  each 
batch  should  be  weighed  or  measured  accurately.  In  asphalt  plants  of 
the  best  type,  each  ingredient  entering  into  each  batch  is  weighed 
carefully.  Wliere  measuring  is  resorted  to,  this  is  done  accurately  by 
striking  off  the  mineral  aggregate  carefully  in  special  iron  measuring 
boxes,  and  filling  the  asphalt  bucket  until  the  contents  reach  the  level 
of  a  proper  measuring  gauge.  Contrast  this  with  the  usual  road 
contractor's  method  of  operations  and  one  will  see  a  vast  difference. 
In  the  speaker's  opinion,  it  is  not  too  much  to  say  that  uniformly  good 
results  will  never  be  obtained  until  the  methods  used  in  constructing 
bituminous  roads  are  closely  patterned  after  those  followed  in  the 
asphalt  paving  industry. 

It  may  be  interesting  and  instructive  at  this  point  to  discuss 
somewhat  in  detail  just  what  quantities  of  material  pass  through  the 
three  different  processes  previously  mentioned  for  a  given  yardage  of 
pavement.  For  this  purpose,  consider  a  sheet-asphalt  plant  having 
a  capacity  of  2  000  sq.  yd.  of  2-in.  wearing  surface  per  working  day  of 
10  hours.  The  average  weight  of  1  sq.  yd.  of  surface  mixture  2  in. 
thick  when  compressed  will  be  200  lb.  The  total  weight  of  the  output, 
therefore,  will  be  2  000  X  200  =  400  000  lb.  This  mixture  will  consist 
approximately  of: 

Sand  79  per  cent. 

Dust  or  filler Hi     "       " 

Bitumen H 


100  per  cent. 

Th(-  differcTit  portions  of  the  plant,  therefore,  must  be  capable  of 
hiindling  the  following  quantities  of  material: 

Dryer    31 G  000  Ih.  =  126.4    cu.  yd.  of  sand, 

Melting    tanks..     4-4  000    ''    =     22       tons  of  pure  bitumen, 
Mixer     400  000    "    =  200      tons  of  surface  mixture. 

The  capacity  of  the  mixer  in  a  plant  of  the  size  under  discussion 
is  usually  rated  at  9  cu.  ft.  This  means  that  the  batch  dumped  into 
it  contains  9  cu.  ft.  of  sand  plus  the  other  ingredients.  The  average 
weight  of  dry,  hot  sand  i.<  about  95  lb.  per  cu.  ft.  In  accordance  with 
the  formula  previously  given,  and  assuming  that  a  i>ure  asphalt  cement 
is  being  used,  each  batch  would  eonsist  of: 

Sand    ^^^  ll>- 

Filler    lOS    " 

Asphalt  cement    119    " 

1  082  lb. 
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tMr.  It  will  take  370  batches  of  this  size  to  turn  out  the  required  quan- 

■  tity  of  surface  mixture.  In  a  10-hour  working  day,  this  means  37 
batches  per  hour,  or  one  batch  every  1.62  min.  Not  less  than  one  full 
minute,  with  a  mixer  speed  of  from  60  to  80  rev.  per  min.,  should  be 
allowed  for  actually  mixing  each  batch  of  sheet-asphalt  surface  mix- 
ture. This  leaves  a  total  of  only  37  sec.  in  which  to  charge  the  mixer 
with  the  various  ingredients  and  dump  the  finished  mixture  into  the 
wagons.  With  a  well-organized  gang  and  a  properly  working  plant 
of  this  type,  only  20  sec.  are  necessary,  but  it  can  readily  be  seen  that 
this  is  one  of  the  features  where  seconds  count.  The  mixer  capacity 
of  a  plant  is  usually  calculated  very  closely,  and  this  makes  it  more 
than  ever  necessary  that  the  capacity  of  the  melting  tank  and  dryer 
should  be  ample  in  order  to  furnish  a  full  and  uninterrupted  supply 
of  hot  sand  and  asphalt  cement,  as  it  is  almost  impossible  to  make  up 
for  delays  at  the  mixer. 

Having  determined  the  formula  for  any  piece  of  work,  and  know- 
ing the  time  required  for  mixing  each  batch,  together  with  the  size 
of  the  batch,  one  can  calculate  a  similar  schedule  of  operations  for  it, 
and  ascertain  just  what  kind  and  capacity  of  plant  is  suitable  for 
the  work.  After  determining  these  points,  a  contractor  should  never 
be  permitted  to  mix  and  lay  more  pavement  in  a  given  time  than 
is  called  for  by  the  schedule.  If  he  does,  it  is  certain  that  some  por- 
tion of  the  work  has  been  slighted.  This  should  be  carried  still  further, 
if  necessary,  by  determining  the  maximum  number  of  batches  per- 
missible per  hour  and  never  permitting  him  to  exceed  this  in  an  en- 
deavor to  make  up  by  hasty  work  in  an  afternoon  what  he  has  lost 
in  the  morning  on  account  of  unfavorable  conditions  of  any  kind. 

As  stated  previously,  a  standard  sheet-asphalt  pavement,  2  in.  thick, 
when  compressed,  weighs  about  200  lb.  per  sq.  yd.  Road  surfaces  of 
broken  stone  or  mixtures  of  broken  stone  and  sand,  2  in.  thick,  will 
vary  from  175  to  250  lb.  per  sq.  yd.  The  denser  the  mixture  and  the 
greater  the  proportion  of  large  stone,  the  greater  will  be  the  weight 
per  square  yard. 

After  the  mixture  has  been  made,  delivered  to  the  road,  and  spread, 
it  is  necessary  to  roll  it  in  order  to  compress  it.  Either  of  two  types 
of  rollers  may  be  used  for  this  purpose.  The  tandem  type  is  generally 
used  in  laying  sheet-asphalt  pavements,  and  the  road  roller  type  (in 
which  the  wheels  do  not  track)  for  highway  work.  Where  the  mineral 
aggregate  is  composed  of  small-sized  particles  and  requires  to  be 
finished  to  a  very  smooth  surface,  as  in  city  pavements,  the  tandem 
type  of  roller  will  produce  better  results  and  a  more  even  surface. 
Where  the  particles  of  mineral  aggregate  are  large,  the  type  of  roller 
generally  used  in  road  work  is  better  for  the  purpose.  It  gives  a 
greater  kneading  action  to  the  large  particles,  and  will  effect  better  com- 
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pression  in  such  a  surface  than  can  be  obtained  with  a  tandem  roller  of  Mr. 
the  same  weight  per  inch  of  width  of  tread.  In  addition  to  this,  the  total 
width  of  tread  in  a  road  roller  is  less  than  in  a  tandem  roller  of  the 
same  weight,  and,  therefore,  gives  a  greater  pressure  per  square  inch. 
It  is  somewhat  more  difficult  to  finish  the  work  smoothly  with  the  road 
roller,  but,  for  ordinary  road  or  highway  work,  this  is  not  as  essential 
as  for  city  streets. 

Distributors. — The  oiling  of  roadways  results  in  the  formation  of 
a  bituminous  surface,  and  would  therefore  come  under  the  present 
discussion.  The  chief  piece  of  apparatus  used  in  this  kind  of  work 
is  a  distributing  wagon  for  the  oil  or  bituminous  material.  Where 
this  oil  is  so  heavy  that  it  will  not  run  freely  at  ordinary  temperatures, 
it  is  necessarj'  to  provide  means  for  heating  it,  either  in  the  distributing 
wagon  itself  or  in  the  tanks  from  which  this  wagon  is  filled.  Such 
wagons  are  of  two  general  types:  gravity  distributors,  and  pressure 
distributors. 

The  gravity  distributors  apply  the  oil  to  the  road  more  or  less  uni- 
formly and  in  a  film  of  considerable  thickness.  This  film,  if  of  heavy 
oil,  requires  a  long  time  to  be  absorbed  by  the  roadbed,  and,  in  order 
to  make  traffic  on  it  at  all  agreeable,  it  is  necessary  to  sprinkle  gravel 
or  sand  over  the  surface  of  the  oil  as  soon  as  it  has  been  applied,  other- 
wise it  will  be  tracked  into  houses  and  spattered  over  vehicles  and 
people  riding  in  them.  With  a  distributor  of  this  type,  the  absorption 
of  the  oil  by  the  roadbed  is  accomplished  entirely  by  capillary  action. 

Pressure  distributors  are  of  two  kinds.  In  one  the  oil  is  forced 
through  small  orifices  in  the  distributing  pipe  by  maintaining  air 
pressure  in  the  top  of  the  tank  from  which  the  oil  is  being  drawn. 
Thus  the  oil  is  forced  downward  to  a  slight  extent  into  the  roadway, 
but  there  is  still  a  sticky  and  oily  film  on  the  surface  much  like  that 
produced  by  the  gravity  distributor.  A  large  part  of  the  absorption 
of  the  oil  by  the  roadway  is  accomplished  by  capillary  action,  and 
is  more  or  less  slow.  Koads  treated  by  this  method,  though  less  ob- 
jectionable than  when  the  gravity  distributor  is  used,  will  still  require 
the  application  of  a  coat  of  screenings  or  sand  on  the  surface. 

In  the  other  type  of  distributor  the  oil  is  atomized  by  the  action 
of  the  air  pressure,  in  much  the  same  way  as  in  perfume  atomizers 
and  oil  burners.  When  properly  designed,  distributors  of  this  type 
will  apply  to  the  surface  of  the  road,  with  considerable  force,  a  mist 
of  verj'  minute  oil  particles  which  will  be  driven  downward  at  a 
high  velocity  by  the  air  pressure.  In  this  way  the  oil  will  be  driven 
to  a  considerable  depth  into  the  roadway,  and  the  treatment  may  be 
regulated  so  that  on  the  surface  of  the  freshly  oiled  road  there  will 
not  be  any  objectionable  quantity  of  oil.  thus  obviating  the  necessity 
of  applying  a  coat  of  screenings. 
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Mr.  H.  B.  Drowne,  Assoc.  M.  Am.  Soc.  C.  E. — During-  the  summer  of 

^    '  1912,   the  speaker  supervised  some  construction  work  on  the   Service 

Test  Road  in  Philadelphia,  on  which  a  portable  mixing  plant  of  small 

type   was    used.      This    mixer    is   known    commercially    as    the    Rapid 

Heated  Mixer. 

Essentially,  the  machine  consists  of  a  four-wheeled  truck,  at  one 
end  of  which  is  mounted  a  boiler  and  engine,  and  at  the  other  a  small 
cylindrical  rotary  mixer.  Between  the  boiler  and  the  mixer  is  a  plat- 
form on  which  the  loading  is  done.  The  mixing  drum  is  surrounded 
with  a  hood,  furnishing  a  heating  space  of  about  3  in.  between  the 
shell  of  the  latter  and  the  mixer.  The  heat  for  this  hood  is  furnished 
by  a  coal  fire  directly  under  the  mixer.  Additional  heat  is  obtained 
from  a  kerosene  torch  which  may  be  inserted  within  the  mixing  drum. 
A  vertical  blade  running  spirally  around  the  inside  of  the  drum  serves 
to  lift  the  material  from  the  bottom  and  carry  it  to  the  top  of  the 
mixer,  as  the  latter  revolves.  The  material  then  falls  to  the  bottom, 
and  the  same  operation  is  repeated.  The  discharge  spout  is  fixed  in 
the  center  of  the  drum  at  the  rear  of  the  machine.  The  capacity  of 
the  mixer  is  12  cu.  ft.,  or  a  batch  of  about  1  300  lb.,  including  the 
bituminous  cement. 

In  this  instance,  a  Topeka  pavement  was  being  constructed.  The 
aggregate  was  composed  of  a  mixture  of  sand  and  stone  complying 
with  the  following  specification : 

Passing  200-mesh  sieve,     5  to  11  per  cent. 
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not  more  than  10  per  cent 

The  various  materials  were  taken  from  the  stock  piles  in  wheel- 
barrows to  the  loading  platform  and  dumped  into  the  mixer.  The 
kerosene  torch  was  then  inserted  within  the  drum,  and,  as  the  mixer 
revolved,  the  material  cascaded  through  the  flame  of  the  torch  and 
was  heated  to  a  temperature  of  about  212°  Fahr.  When  this  tempera- 
ture was  reached,  the  torch  was  withdrawn,  and  the  asphalt  cement, 
which  was  heated  to  about  350°  Fahr.,  was  poured  in.  A  cover  was 
then  placed  over  the  opening  in  the  loading  end  of  the  mixer.  The 
batch  was  allowed  to  mix  with  the  asphalt  for  from  1  to  2  min.,  at  the 
end  of  which  time  a  perfect  mix  was  secured  having  a  temperature  of 
250°  Fahr. 

The  output  of  the  machine  varied,  depending  on  the  dryness  of  the 
mineral  aggregate.  On  an  average,  from  four  to  five  batches  were 
mixed  per  hour.  When  the  materials  were  warmed  before  being  put 
in  the  mixer,  six  batches  per  hour  were  mixed  for  1  or  2  hours,  or  as 
long  as  the  warm  material  lasted.     One  batch  of  material  would  lay 
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about  5  sq.  yd.  of  pavement,  2  in.  thick  when  rolled.  The  pavement  Mr. 
was  constructed  on  a  macadam  foundation,  and  there  was  some  loss, 
due  to  the  material  being  compressed  into  the  voids  of  the  surface. 
If  laid  on  a  concrete  foundation,  one  batch  would  probably  have  made 
a  somewhat  greater  yardage.  The  manufacturers  of  this  machine 
claim  an  output  of  250  sq.  yd.  per  10-hour  day  per  machine.  It  is 
generally  recommended  that  these  machines  be  used  in  pairs.  It  takes 
from  6  to  12  min.  to  bring  the  material  up  to  the  proper  temperature 
before  adding  the  asphalt  cement.  If  only  one  machine  is  used,  and 
four  or  five  batches  per  hour  are  mixed,  the  time  required  for  each 
batch  is  from  12  to  15  min.,  therefore,  considerable  time  is  wasted  by 
the  men  working  around  the  machine.  If  the  machines  are  \ised  in 
pairs,  the  men  can  be  kept  busy  practically  all  the  time,  and  it  is  the 
only  economical  way  to  use  machines  of  this  type.  The  output  of  two 
of  them  in  a  9-hour  day  would  be  about  360  sq.  yd.  In  a  bituminous 
concrete  in  which  the  aggregate  does  not  form  so  dense  a  mixture  as 
the  Topeka,  but  is  composed  of  larger  stone  particles,  the  output  of  the 
machine  is  considerably  increased. 

If  the  cost  of  labor  is  $2  per  day.  seven  laborers  being  required,  and 
an  engineer  at  $3.50  per  day,  the  labor  cost  of  the  operation  would  be 
about  4.8  cents  per  sq.  yd.,  on  a  basis  of  360  sq.  yd.  per  day.  The  cost 
of  coal,  kerosene  for  the  torch,  depreciation  of  the  machine,  and 
supervision,  would  add  probably  about  4.5  cents,  making  a  total  cost 
of  9.3  cents  per  sq.  yd.  It  is  essential  that  the  stock  piles,  and  the 
kettle  in  which  the  bituminous  material  is  heated,  be  near  the  mixing 
plant,  in  order  to  accomplish  economical  work. 

The  importance  of  drying  the  mat<?rial  must  not  be  lost  sight  of 
in  using  machines  of  this  tj^je,  and  this  part  of  the  operation  takes  up 
the  greater  part  of  the  time.  Some  means  of  heating  and  drying  the 
materials  must  be  used  before  putting  them  into  the  mixer.  On  the 
Philadelphia  work  wood  fires  were  built  in  pipes  placed  under  the 
stock  piles.  This  preliminary  heating  helped  considerably,  but  if  the 
materials  were  not  covered  with  tarpaulins  at  night  a  slight  rain  would 
dampen  them  to  such  an  extent  that  the  mixing  would  be  seriously 
delayed.  With  mixers  of  this  tj-pe  there  is  not  the  slightest  danger 
of  overheating  the  materials,  provided  the  batches  are  discharged  when 
they  reach  the  proper  temperature;  but  if  they  are  left  in  the  mixer 
too  long  they  will  become  overheated. 

This  machine  is  also  adaptable  for  mixing  cement  concrete.  When 
used  for  this  purpose,  a  swinging  trough  is  fixed  under  the  discharge 
spout.  The  mixed  concrete  falls  from  the  spout  into  the  trough, 
which  has  such  a  pitch  that  the  concrete  runs  down  to  the  end  and 
falls  on  the  road.  As  the  trough  is  10  ft.  long  and  may  be  swung 
through  an  arc  of  180°,  a  width  of  about  20  ft.   of  surface  can  be 


Poore. 
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Mr.      covered  with  concrete  at  one  passage  of  the  machine,  without  wheeling 
^'  any  of  the  concrete. 

The  speaker  thinks  a  plant  of  this  type  is  a  good  one  for  small  jobs, 
or  for  repair  work,  where  small  plant  cost  is  desired.  These  machines 
cost  about  $1  200  each. 

Mr.  James  L.  Gaynor,  Esq. — A  rapid  mixer  was  used  during  October 

■  and  November  for  mixing  IJ-in.  stone  with  an  asphalt  cement.  On 
an  average,  350  yd.  per  day  were  mixed.  Instead  of  using  12  cu.  ft. 
to  the  batch,  about  15  cu.  ft.  were  used,  the  mixer  being  loaded  full. 
The  stone  was  bone  dry.  With  a  battery  of  two  machines,  a  capacity 
of  YOO  cu.  yd.  per  day  should  be  secured.  The  labor  charge  for  one 
machine  was  about  9  cents  per  cu.  yd. 

Mr.  H.   C.  Poore,  Jun.  Am.   Soc.   C.  E. — During  the  season  of  1912, 

the  speaker  was  connected  with  the  construction  of  about  55  miles  of 
bituminous  concrete  pavement.  This  work  was  done  by  one  of  the 
New  England  States,  which,  having  had  the  usual  experimental  sec- 
tions under  test  for  the  past  4  years,  decided  to  use  a  cold-mixed  bitu- 
minous concrete  for  both  resurfacing  and  new  work. 

Refined  coal-tar  was  used  as  a  binder,  this  material  being  shipped 
in  tank  cars  to  the  nearest  railway  station,  where  it  was  steam-heated 
and  barreled  by  the  contractor. 

During  the  height  of  the  season,  eighteen  mechanical  mixers  were 
in  operation,  laying  daily  a  total  of  3  000  ft.  of  14-ft.  road  surface, 
2  in.  thick. 

The  type  of  mixer  generally  used  was  one  manufactured  by  the 
Municipal  Engineering  and  Contracting  Company.  It  is  similar  to 
the  i-yd.  cube  batch  cement  concrete  mixer,  and  has  an  oil  torch 
heating  device  for  use  when  bituminous  concrete  is  mixed.  The 
machine  is  mounted  on  four  wheels  for  transportation.  It  consists 
of  a  revolving  iron  box,  mounted  on  its  diagonal  axis,  and  driven  with 
direct  gearing  by  the  steam  engine  mounted  on  the  same  frame.  The 
mixed  material  is  discharged  by  tipping  the  ciibe,  and  the  mixing 
chamber  is  loaded  with  a  sliding  skip  operated  by  a  small  cable  hoist. 

An  air  compressor  for  supplying  the  oil  torch  is  belted  to  the  engine. 
Common  fuel  oil  under  air  pressure  forms  a  blast  in  the  center  of  the 
mixing  chamber  sufiicient  to  dry  the  mineral  aggregate  and  expedite  the 
work  during  cold  weather.  As  the  specification  called  for  a  cold  mix, 
the  blast  was  not  necessary  throughout  the  day's  work. 

The  plants  were  operated  in  two  ways:  either  as  a  portable  plant 
moving  along  the  road  each  day,  or  as  a  stationary  unit  at  the  stone 
crusher. 

The  first  method  was  followed  where  the  work  consisted  of  scarify- 
ing the  old  macadam  and  adding  a  new  2-in.  bituminous  concrete  sur- 
face.    Set-ups  were  made  at  the  intervals  covered  in  a  day,   usually 
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about  200  ft.    A  12  by  12-ft.  dumpinp  board  was  used  under  the  loadinp    Mr. 
skip,   on   which   to  dump   the  broken  stone  hauled   from   the   railroad 
aiding:  or  stone  crusher.     The  mixer  was  placed  on  planks  in  the  center 
of   the   road,  being  hauled   ahead  by   the  steam  roller   at   the   end   of 
the  day. 

Two  15-gal.  portable  kettles  provided  sufficient  hot  bituminous 
material.  The  proper  quantity  for  a  batch  was  measured  out  by  hand 
and  carried  in  buckets  from  the  side  of  the  road  to  the  loading  chute. 
Six  iron  barrows,  well  oiled  to  prevent  the  coated  stone  from  sticking, 
were  used  in  carrying  the  hot  mixture  to  the  road,  where  it  was  raked 
out  to  the  required  depth. 

One  roller  was  able  to  prepare  the  old  macadam  and  roll  the  mix- 
ture delivered  each  day.  Wlicn  the  mixer  was  used  as  a  permanent 
unit  at  the  stone-crushing  plant,  the  mixer  platform  was  built  at  the 
same  elevation  as  the  bottom  of  the  stone  bins,  and  from  the  latter  the 
stone  could  be  discharged  directly  to  the  loading  skip.  To  allow  the 
uncoated  stone  for  the  foundation  course  to  fall  by  gravity  into 
wagons,  it  was  necessary  to  leave  an  intervening  space  of  7  or  8  ft. 
between  the  stone  bins  and  the  mixer  platform.  In  some  cases,  how- 
ever, the  mixer  was  placed  on  the  other  side  of  the  bins,  and  then  an 
extra  chute  was  built  to  feed  into  the  loading  skip. 

Many  of  the  mixers  ran  three  i-cu.  yd.  batches  in  from  10  to  15 
min.  A  IJ-cu.  yd.  bottom-dump  wagon  was  placed  to  receive  these 
three  hatches,  and  then  hauled  to  the  road,  a  2-mile  haul  often  being 
economical.  There  w^as  no  chilling  of  the  mixture.  A  larger  kettle 
was  used  at  the  stationary  plants  than  on  the  resurfacing  work.  The 
buckets  of  hot  bituminous  material  were  handed  from  the  ground  by 
the  kettleman  to  the  man  on  the  raised  mixer  platform,  and  he  emptied 
them  into  the  mixer  chute. 

One  engineer,  one  helper,  one  loading  man,  and  one  kettleman  were 
required  for  the  mixer  when  in  operation.  The  broken  stone  was 
not  touched  by  hand  until  raked  out  on  the  road. 

The  cost  of  the  plant  was: 

Mixer    complete *^1  550 

Two  kettles 200 

Small  tools  and  lumber 100 

$1850 

Practically  600  sq.  yd.  were  turned  out  per  day  per  plant.  On 
country  roads,  where  a  cold-mix  bituminous  concrete  is  specified,  such 
an  equipment  may  be  considered  very  satisfactory. 

W.  S.  Godwin,  Esq. — The  cardinal  point  in  bituminous  paving  is      Mr. 
unquestionably  uniformity.     This  applies  to  all  the  different  methods  «'"'«^*°- 
of  construction,  surfacing,  penetration,  and  mixing. 
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Mr.  Irrespective  of  the  metliod,  cost,  or  kind  of   equipment,  there  are 

o  win.  fun(^amental    requirements    which    must    not    be    ignored,    if    lasting 

qualities  in  the  paving  are  expected.     These  can  only  be  obtained  by 

the    proper   use   of   appliances   desigiied    and   built   by   those   who   are 

thoroughly  familiar  with  the  materials  and  the  methods  of  construction. 

In  view  of  the  fact  that  the  cost  of  the  product  of  the  equipment 
is  in  inverse  ratio  to  the  volume  of  the  output,  economical  production 
can  only  be  obtained  by  having  an  output  so  large  that  the  overhead 
cost  does  not  assume  undue  proportion. 

Cold  Surface  Treatment. — Bituminous  materials  can  be  properly 
and  economically  applied  cold  from  a  tank  wagon  drawn  by  motor  or 
horse.  It  should  have,  across  the  rear,  a  distributor  adjustable  in  width 
from  6  to  12  ft.,  thus  avoiding  the  application  of  narrow  strips.  The 
distributor  proper  should  have  small  openings  or  spraying  nozzles 
at  short  intervals  for  the  entire  length,  arranged  so  that  they  will  en- 
tirely cover  the  desired  width  of  roadway,  and  not  apply  the  material 
in  strips. 

Unquestionably,  the  most  difficult  factor  to  control  is  the  uniform 
distribution  of  the  necessary  quantity  of  bituminous  material  per  square 
yard.  This  can  be  accomplished  by  keeping  a  uniform  air  or  steam 
pressure  in  the  tank,  or  by  a  pump  connected  between  the  tank  and 
the  distributor  proper.  Unsatisfactory  results  are  obtained  with  either 
of  these  methods  if  the  speed  of  the  wagon  or  the  motor  varies.  This 
objection,  however,  can  be  overcome  by  using  a  specially  designed 
pump  connected  with  the  running  gear  of  the  wagon  or  truck,  or 
by  drawing  the  tank  wagon  by  a  steam  roller  at  a  uniform  speed.  Any 
of  these  distributors  should  be  capable  of  distributing  evenly  from  I 
to  1^  gal.  per  sq.  yd. 

Gravity  distributors  of  any  kind  have  the  disadvantage  of  being 
able  to  handle  only  the  light  gravity  oil;  the  quantity  distributed  also 
gradually  decreases  as  the  tank  empties. 

Hot  Surfacing  and  Penetration  Methods. — If  the  pressure  dis- 
ti'ibutors  are  equipped  with  interior  steam  coils,  and  sufficient  steam 
is  supplied  to  keep  the  bituminous  material  at  a  uniform  temperature 
of  about  280°  Fahr.,  they  are  capable  of  distributing  the  heavier  grades 
for  either  the  hot  surfacing  or  the  penetration  methods  of  construction. 

The  equipment  generally  used  in  the  penetration  method  has  been 
portable  or  semi-portable  melting  kettles,  having  capacities  ranging 
from  50  to  500  gal.,  and  hand-distributing  pots.  This  method  of  heat- 
ing and  applying  is  expensive  and  the  results  obtained  are  invariably 
crude.  The  bituminous  material  is  often  too  cold,  and,  in  some  cases, 
is  overheated  and  damaged.  It  is  quite  apparent  that  when  a  pouring 
pot  is  used,  the  uniform  distribution  of  the  hot  material  depends  en- 
tirely on  the  workmen.      Even  with   the  utmost  care,  non-uniformity 
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shows   on    the   finislieil    roadway.      An    excess    of   hituniinous   material      Mr. 
will  collect  in  spots  and  hold  any  kind  of  stone  or  dirt,  even  after  the 
completion  of  the  roadway.     This  causes  an  uneven  surface  which  is 
very  objectionable. 

The  arrangement  and  equipment  for  penetration  work  is  most 
satisfactory  when  the  contractor  receives  the  bituminous  material  at 
the  nearest  railroad  siding,  in  6  000,  8  000,  or  12  000-gal.  tank  cars, 
equipped  with  interior  steam  coils.  A  20-h.p.  boiler  may  be  attached 
to  the  steam  coils  in  the  tank  car  and  thus  heat  the  material  to  the 
desired  temperature.  If  this  arrangement  is  provided  at  the  railroad 
siding,  the  hot  matei'ial  may  be  run  by  gravity  into  the  distributing 
wagons.  If  this  is  not  practicable,  the  material  may  be  pumped  from 
the  car  to  the  wagons.  A  horse-drawn  distributing  wagon  may  be 
hauled  from  the  railroad  to  the  work  and  then  may  be  attached  to  a 
steam  roller. 

Bituminous  material  received  in  barrels  costs  the  contractor  an 
additional  sum  of  at  least  2  cents  per  gal.  for  each  barrel  and  also  the 
freight  on  the  barrels,  which  is  about  15%  of  the  gross  weight. 
Besides,  he  has  two  or  more  melting  kettles  to  operate  and  a  very 
large  bill  for  fuel  to  heat  them. 

A  20-h.p.  boiler  and  a  600-gal.  distributing  wagon  will  cost  about 
$1  000,  and,  with  an  average  haul  from  the  railroad  siding,  should  cover 
800  sq.  yd.  per  hour.  Two  400-gal.  melting  kettles,  at  $400  each,  and 
a  dozen  buckets  and  pouring  pots  will  cost  about  $850,  and  will  not 
cover  one-half  as  great  a  yardage.  It  is  a  case  of  inferior  construc- 
tion at  an  exorbitant  cost,  if  the  proper  equipment  is  not  used. 

Should  the  extent  of  the  work  not  warrant  the  purchase  of  such  a 
plant,  there  should  be  secured  a  strong,  well-built  500-gal.  melting  wagon 
and  a  hand  distributor,  having  a  capacity  of  at  least  30  gal.,  mounted 
on  wheels,  and  having  a  regulating  distributor  at  least  20  in.  wide.  A 
distributor  of  this  kind  costs  $65.  and  should  pour  250  sq.  yd.  per  hour, 
using  1^  gal.  in  the  initial  pouring  and  i  gal.  in  the  flush  coat.  The 
use  of  pouring  pots  should  be  avoided  if  possible. 

Mixing  Methods. — In  the  manufacture  of  bituminous  mixtures  of 
any  kind,  uniformity  is  the  principal  factor.  This  applies,  not  only  to 
proper  proportions  of  each  different  ingredient  used,  but  to  the  tempera- 
tures at  which  they  are  heated  and  mixed. 

The  mineral  aggregate,  composed  of  stone,  sand,  and  inorganic 
dust,  must  be  heated  uniformly  to  the  proper  temperature,  and  in 
such  a  way  as  to  prevent  segregation  of  the  larger  from  the  smaller 
particles.  This  is  a  serious  matter  when  different  proportions  of  two 
or  more  sizes  are  used.  The  aggregates  are  usually  heated  in  a  cylinder 
dryer,  with  external  heat.  The  heat  is  then  drawn  through  the  interior, 
the  different   sizes,   in   the   proper  proportions,   being   fed   continually 
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Mr.  through  the  hot  cylinder.  If  a  batch  heater  and  mixer  is  used,  the 
"  proper  proportions  are  measured  or  weighed  before  being  placed  in 
the  mixer. 

The  kettles  must  have  sufficient  capacity  to  provide  the  quantity  of 
bituminous  material  required  to  coat  the  mineral  aggregate  as  it  is 
heated  by  the  dryer.  The  heat  should  be  uniform  and  not  so  great 
that  it  vpill  ''burn,"  or  harden  any  portion  of  the  material.  The  melted 
material  should  be  agitated  slowly  by  compressed  air.  This  is  especially 
necessary  where  two  kinds  are  used  to  obtain  the  proper  consistency. 
The  melting  kettles  should  be  protected  from  the  rain,  as  water  not 
only  damages  the  bituminous  material,  but  causes  it  to  foam  and  run 
over  the  sides  of  the  kettle,  in  some  cases  causing  serious  fires. 

The  quantity  of  hot  material  for  each  mix  or  batch  should  be 
measured  or  weighed  accurately,  and  not  mixed  with  the  mineral  aggre- 
gate until  the  stone  or  sand  is  of  the  proper  temperature. 

The  hot  mineral  aggregate  and  the  hot  bituminous  material  should 
be  mixed  quickly  and  uniformly,  with  as  little  loss  of  heat  as  possible. 
The  resulting  homogeneous  mixture  should  be  spread  quickly  and 
evenly  with  strong  iron-shank  rakes  and  thoroughly  rolled  on  a  solid 
foundation. 

If  a  portable  batch  mixer,  having  an  interior  flame  in  the  drum, 
is  used  to  mix  the  heated  mineral  aggregate  with  the  bituminous 
material,  the  heat  must  be  cut  off  before  the  latter  is  placed  in  the 
mixer,  otherwise  the  excessive  heat  will  damage  it.  Any  method  of 
mixing  which  allows  the  bituminous  mixtures  to  come  in  contact  with 
the  flame  or  a  heat  in  excess  of  500°  Fahr.,  if  only  for  a  short  time, 
will  convert  the  bituminous  material  from  an  adhesive  and  malleable 
consistency  to  a  hard  and  brittle  one,  entirely  unsuited  for  paving. 

To  receive  their  ultimate  compression,  mixtures  similar  to  bitu- 
minous macadam  and  bituminous  concrete,  having  a  large  percentage 
of  stone,  should  have  their  final  rolling  with  a  3-wheel  roller  weighing 
at  least  10  tons.  If  a  5-ton  tandem  roller  is  used  for  the  initial  rolling, 
a  more  uniform  surface  will  be  obtained  on  the  finished  paving.  The 
same  method  of  rolling  should  be  used  for  sheet  asphalt,  but  both  the 
rollers  should  be  of  the  tandem  type  and  weigh  2^  and  Y  tons, 
respectively. 

These  fundamental  principles  must  be  adhered  to,  in  order  to  obtain 
uniform  and  lasting  paving,  irrespective  of  the  method  and  equip- 
ment used. 

The  cost  of  heating  and  mixing  plants  depends  principally  on  their 
capacity  and  the  care  and  material  used  in  their  construction.  A 
small  portable  batch  heater  and  mixer,  similar  to  a  concrete  mixer, 
and  capable  of  heating  and  mixing  about  T^  tons  per  hour  to  a 
temperature  of  200°  Fahr.,  costs  $1  500.     Mixers  of  this  class  are  only 
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capable  of  mixing  stone  which  is  hirger  than  4  in.     As  the  bituminous      Mr. 

.,.,,.,  .  ,  „  1  ,.11-     CJodwin. 

material   is   placed   in   the^e   mixers  hot,   a   50U-gal.   melting   kettle   is 

required. 

For  close  or  dense  mixtures,  stationary,  semi-portable,  and  rail- 
road plants  are  used. 

Semi-portable  plants,  comprising  the  heating  drum,  mixer,  melting 
tank,  etc.,  cost  $7  500,  exclusive  of  any  building,  and  have  a  capacity 
of  about  75  sq.  yd.,  or  7^  tons,  of  sheet-asphalt  mixture  per  hour. 

The  improved  railroad  plants,  which  cost  about  $12  000,  are  capable 
of  heating  and  mixing  sufficient  asphalt  and  sand  to  a  temperature  of 
325°  Fahr.,  to  lay  175  sq.  yd.,  or  17i  tons,  of  sheet  asphalt  mixture 
per  hour. 

The  modern  duplex  stationary  plant,  in  which  the  large  dryers, 
15-cu.  ft.  mixers,  conveyors,  etc.,  are  operated  with  independent  motors, 
cost  about  $33  000,  including  a  steel  building.  These  plants  have  a 
capacity  of  500  sq.  yd.,  or  50  tons,  of  sheet-asphalt  mixture  per  hour. 

As  mixtures  of  stone  are  laid  at  a  lower  temperature  and  require 
less  bituminous  material  than  sheet  asphalt,  the  capacity  of  plants 
increases  about  18%  when  heating  and  mixing  for  paving  of  this  class. 

In  buying  a  bituminous  mixing  plant  of  any  kind,  the  contractor 
or  municipality  should  receive  bids  only  from  companies  which  have 
had  considerable  experience  in  the  manufacture  of  such  machinery. 
It  should  be  required  that  the  plant  be  erected  and  operated  under  the 
direct  supervision  of  the  builder  until  it  has  met  the  guaranteed 
requirements.  The  guaranty  should  be  for  a  certain  number  of  pounds 
of  properly  heated  paving  mixture  at  a  specified  temperature,  per  day 
of  10  hours,  and  not  a  certain  number  of  square  yards.  As  all  dense 
bituminous  mixtures,  when  compressed  to  2  in.,  weigh  very  nearly 
200  lb.  per  sq.  yd.,  this  portion  of  the  guaranty  can  easily  be  changed 
from  square  yards  to  something  which  is  definite  and  easily  ascertained. 
The  contract  should  also  state  the  maximum  quantity  of  fuel  to  be 
consumed  in  24  hours,  and  last,  but  not  least,  the  date  when  the  finished 
plant  will  be  completed,  erected,  tested,  and  ready  to  run  to  the 
guaranteed  capacity. 

W.  11.  Ker.shaw,  Assoc.  M.  Am.  Soc.  C.  E. — There  is  one  class  of      Mr. 
equipment  which  has  not   been  given   proper  consideration,   and   that  '^•^'■^***^^- 
is  storage  plants  for  road  oil. 

Equipment  is  acquired  or  improved  because  of  the  increased  effi- 
ciency or  saving  in  cost  accomplished  by  its  use.  If  it  was  thoroughly 
understood  that  equipment  for  the  temporary  storage  of  road  oils, 
tars,  and  asphalts  would  earn  a  satisfactory  return  on  the  invest- 
ment, interest  in  this  branch  of  road  work  would  be  increased. 

It  has  been  the  custom  in  the  past,  when  buying  light  oil,  heavy 
binding  oil,  tar,  or  asphalt,  to  order  one  or  more  tank-cars,  and  then 
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Mr.  hold  the  cars  until  the  material  has  been  used.  With  the  exception  of 
one  or  two  companies,  no  charge  per  day  for  demurrage  on  cars  has 
been  made  for  the  use  of  this  equipment.  A  charge  of  $1  per  day  is 
collected  by  the  railroads  in  all  cases,  but,  of  course,  none  of  this  goes 
to  the  owner  of  the  cars.  The  economic  loss  resulting  from  holding 
tank-cars  out  of  service  has  been  considered  to  fall  on  the  shipper,  but 
in  the  final  analysis  it  is  apparent  that  the  price  of  the  oil  must  cover 
the  loss.  Just  what  this  loss  of  service  for  a  single  tank-car  amounts 
to  can  be  better  understood  when  the  following  figures  are  considered. 
At  present,  the  leasing  value  of  a  tank-car  is  about  $1.25  per  day; 
that  is,  the  seller  either  pays  that  amount  in  the  form  of  a  lease  or, 
if  he  owns  the  equipment,  can,  in  turn,  lease  it  to  some  one  else  for 
ihat  figure.  This  $1.25  per  day  practically  covers  the  maintenance 
and  depreciation  of  the  car,  and  does  not  include  an  earning  on  the 
equipment  which  its  owner  is  justified  in  expecting.  A  study  of 
Table  1,  which  gives  the  time  consumed  in  delivering  a  full  carload 
(8  000  gal.),  by  the  same  car,  to  cities  with  and  without  equipment, 
shows  the  injustice  of  allowing  the  same  tank-car  charge  to  apply  for 
all  deliveries. 

Table  1  gives  an  actual  record  of  several  cars  which  were  in  the 
road-oil  service  in  the  East  during  1912,  biit  for  convenience  the  cost 
figvires  are  based  on  a  leasing  value  of  $1  per  day.  In  considering 
this  record,  it  must  be  borne  in  mind  that  the  producer  or  seller  is 
carrying  his  tank-car  equipment  for  12  months  in  the  year,  and  during 
the  road  season  (from  6  to  8  months),  is  using  the  cars  to  the  limit 
of  their  capacity.  For  the  remainder  of  the  year  he  has  nothing  for 
them  to  do  or  is  turning  them  into  some  branch  of  the  service  which 
does  not  bring  him  an  adequate  return  for  their  use. 

From  this  table  it  will  be  noted  also  that  a  car  can  be  shipped  to 
a  town  or  a  city  having  equipment,  and  make  a  round  trip  in  from 
9  to  15  daj^s,  at  an  actual  cost  of  from  $12  to  $25,  delivering  in  that 
time  a  full  load  of  8  000  gal.  When  the  tank-car  charge  on  business 
of  this  class  is  added  to  the  base  price,  it  makes  possible  a  lower  quota- 
tion than  can  be  given  on  deliveries  made  to  points  without  equipment, 
where  the  car  is  gone  from  20  to  100  days,  in  delivering  the  same  quan- 
tity of  oil.  The  shippers  are  ready  to  make  lower  quotations  to  cities 
equipped  with  storage  plants,  than  can  be  made  to  points  where  their 
cars  are  delayed. 

The  fact  that  the  installation  of  this  equipment  results  in  a  mate- 
rial saving  has  been  recognized  by  several  of  the  large  users  of  road  oil, 
as  witnessed  by  the  following  examples. 

District  of  Columbia. — The  District  of  Columbia  has  erected  six 
12  000-gal.  and  one  15  000-gal.  road-oil  tanks,  these  tanks  being  situated 
at  various  points  throughout  the  District  convenient  for  distribution. 
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Three  of  the  tanks  are  at  the  Proi>erty  Yard  of  the  District  of  Cohim- 
bia,  at  12th  and  N  Streets,  Northeast,  on  a  siding  of  the  Baltimore  and 
Ohio  Railroad.  Fig.  1  shows  only  the  15  000-gal.  tank  of  this  particu- 
lar group.  There  are  two  12  000-gal.  tanks  directly  under  the  railroad 
trestle.  All  these  tanks  are  fitted  with  steam  coils.  Between  the  two 
12  000-gal.  tanks,  and  extending  out  under  the  end  of  the  railroad 
ties,  there  is  a  mixing  box.  containing  a  mixing  pug,  and  there  are 
both  water  and  oil  inlet  pipes,  for  the  manufacture  of  emulsified 
road  oil. 

TABLE  1.— Rkcori)  of  Tank-Cars. 


Mr. 
Kfrshaw. 


Par    '          Consignee : 
'          equipment. 

Date 
shipped. 

Date 
returned. 

Number 

of 
gallons. 

Number  of  days 

car  is  held  at  oil 

company's 

terminal. 

B  3  u 

3  CJa 

»B^ 
c  Jeo 

§- 

"a" 

U     'llj 

ir 

Wo 

017060 
017060 
017060 
017060 

City  (with> 

5/  1/12 
5/  9/12 
5/29/12 

711/12 

7/22/12 

4/15/12 
6/11/12 
7/  6 '12 
7/16/12 

5/  9/12 

5/27/12 
6/20/12 
7/22/12 
7/30/12 

5/  8/12 
7/  6/12 
7/16/12 
7/24/12 

8000 
8000 
8  000 
8  000 
8000 

8000 
8000 
8000 
8  000 

0 
0 
2 
*21 
0 

0 
t87 
0 
0 
9 

0 
0 
;   0 
1 
4 
S 

0 

4 

♦20 

3 

0 
8 

8 
18 
22 
11 

8 

IS 
25 
10 
8 
13 

15 
34 
81 
85 
13 
9 

22 
20 
9 
54 

7 
5 

$8 
18 
22 
11 
8 

18 
25 
10 
8 
13 

15 
34 
81 
35 
13 
9 

22 
20 
9 
54 

I 

1  000 

Town  (without) 

City           '■          

City  (withi 

444 
363 

727 

017060 

City      '•       

1  000 

014480 
011480 
014480 
014480 

City  (without) 

City          '•          

City  (with) 

City      '■      

444 

320 

800 

1  000 

0U480 

011150 
011150 
011150 
011150 
011150 

City  (without) 

City  (without) 

City         '•          

City         •'          

State       "          

City  ( with) 

8/  3/12 

4/11/12 
4/27/12 
5/31/12 
7/  3/12 
8/12/12 

8/16/12        8  000 

4/27/12         8  000 
5/31/12        8  000 
7/  2/12  ]      8  000 
8/  8/12  1      8  000 
8/26/12        8  000 
9/  9/12  1      8  000 

615 

5.38 
285 
258 
228 
616 

01115() 

City      "       

8/31/12 

5'  4/12 
5/31/12 

7/10/12 

888 

014680 
014fi8ft 
014680 

City  (without! 

City         '•          

Citv  (with)   

5/27/12 
6/20/12 
7/20/12 

8000 
8000 
8000 

863 
400 
888 

U()80 

niSiJOO 
ni:i6f)0 

Town  (Without 

City  (with) 

City      '•      

7/23/12 

5/27/12 
6/  7/12 
6/1.3/12 

9/16/12 

6/  4/18 
6/13/12 

6/2U/12 
8/14/12 

5/  4/12 
6/  8/12 
7/  9/12 

7/22/12 

7/11/12 
10/18/12 

8000 

8000 
8000 
8000 
8000 

8000 
8000 
8000 
8000 

8000 
8000 

148 

1148 
1  i\m 

miioio 

City      "      

0               6 

6           1  3.<U 

i)i:-!(iiiO 

ni  4r,oo 
(114600 
0146(10 
01-1600 

019260 
019260 

State  (without) 

Citv  (without) 

Town       ••          

Town       "           

City  (^with) 

Town  (without) 

State         "         

7/  3/12 

4/  9/12 
5/  4/12 
6/18,12 
7/  9/12 

6/25/12 
7/11/12 

18 

0 

0 

♦15 

0 

0 
0 

42 

25 
80 
21 
18 

16 
100 

42 

25 
80 
21 
13 

16 

100 

190 

820 
267 
880 
615 

600 
80 

*  Car  made  trip  with  material  other  than  road  oil 
+  For  repairs. 

There  is  a  single  12  000-gal.  tank  at  each  of  the  following  outlying 
points:  Chevy  Chase,  ^fd.,  Deanwood,  Uniontown,  and  Tacoma  Park, 
D.  C.     Fig.  2,  the  12  000-gal.  tank  at  Tacoma  Park,  shows  the  type  of 
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Mr.  equipment  in  the  several  suburban  districts  mentioned.  All  the  tanks 
'  have  heating  coils,  and  the  average  cost  of  the  12  000-gal.  tanks  in 
place,  complete,  including  coils  and  erection  charges,  was  $600. 

Springfield,  Mass. — The  storage  equipment  at  Springfield,  Mass. 
(Fig.  3),  consists  of  tvpo  10  000-gal.  tanks,  carried  on  concrete  footings. 
These  tanks  are  arranged  so  that  there  is  a  fall  of  2  ft.  from  the  bottom 
of  the  tank-car,  as  it  stands  on  the  trestle,  to  the  top  of  the  receiving 
tank,  and  a  fall  of  2  ft.  from  the  bottom  of  the  receiving  tank  to  the 
top  of  the  distributing  wagon.  Each  tank  cost  $344,  f.  o.  b.  Spring- 
field, Mass.,  and  the  cost  of  installation,  including  piping,  was  $812, 
making  the  total  cost  $1  500.  These  tanks  are  single  compartment 
and  have  no  heating  coils. 

Borough  of  The  Bronx,  New  York  City. — This  Borough  bought  four 
6  000-gal.  tanks,  formerly  used  as  railroad  tank-cars,  and  assembled 
them  on  wooden  trestles,  arranging  the  piping  so  that  the  oil  could  be 
run  into  any  tank  desired.  This  was  accomplished  by  placing  a  con- 
tinuous main  oil  line  with  a  shut-off  valve  on  each  tank  connection. 
Figs.  4  and  5  show  the  arrangement  of  the  tanks  and  piping. 

These  four  tanks  cost  $950,  f.  o.  b.  New  York.  The  construction 
of  the  wood  trestles  and  the  concrete  foundations  carrying  them, 
together  with  the  erection  of  the  tanks  and  the  complete  piping,  cost 
$750.  The  cost  of  painting  the  tanks  and  pipes  was  $70,  making  the 
total  cost  $1  700  for  the  complete  equipment.  The  difference  in  ele- 
vation between  the  railroad  track  and  the  bottom  of  the  pit  makes  it 
possible  to  fill  the  storage  tanks  and,  in  turn,  load  the  tank-wagons 
from  storage  by  gravity.  These  tanks  are  at  202d  Street  and  Webster 
Avenue,  on  a  siding  of  the  New  York  Central  Railroad. 

Greenwich,  Conn. — The  Town  of  Greenwich,  Conn.,  has  a  two- 
compartment  tank  of  12  000-gal.  capacity,  one  compartment  being  fitted 
with  steam  coils.  Fig.  6  shows  the  arrangements  of  the  tank,  which 
is  in  the  side  of  a  railroad  fill,  thus  allowing  enough  fall  to  transfer 
the  oil  from  the  tank-car  to  the  storage  tank,  and  from  storage  to  the 
distributor,  by  gravity.  The  cost  of  this  installation  was  rather  high, 
owing  to  the  number  of  concrete  abutments  required  to  carry  the  pipe 
line  from  the  tank-car  to  the  tank  and  from  the  tank  to  the  driveway. 
The  cost  was  as  follows : 

Tank,  f.  o.  b.  shipping  point $327.96 

Freight    52.00 

Piping   165.00 

Concrete  abutments   230.00 

Painting    15.00 

Extras    5.00 

Total   $794.96 
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Fig.  1. — 15  000-Gal.  Storage  Tank,  12th  and  N  Streets,  Washington,  D.  C. 


Fig.   2. — Ro.\u   Oil  Tank.   Tacoma   Pai:k,    WA.siii.vtiTON,    D.   C. 


Fig.  3. — Road  Oil  Storage  Tanks,  Citv   Yard,  Springfield,  Mass. 
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Fig.   6. — Stokagk  Tank  for   Huad  Oil,  at  Greknvvich,   Conn. 


Fig.  7. — Storage  Tank  for  Oil  and  Asphalt,  Erected  at  Bound  Brook,  N.  J., 
BY  THE  General  Crushed  Stone  Company. 


J 
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Amies   Road    Cojnpany. — The    Amies    Koad    Companv    has   erected      Mr. 
seven  12  000 -gal.  tanks  of  the  type  recommended,  at  Glen   ^lills   and 
Tlock  Hill,   Pa.,   Bound   Brook,   Millington,   Great   Xotch,   Springfield, 
and  Lambertsville,  N.  J.    Fig.  7  shows  the  tank  at  Bound  Brook,  N.  J. 

Recommended  Type  of  Plant. — The  capacity  of  tank-cars  in  the 
road-oil  service  varies  from  4  000  to  12  000  gal.,  hence  a  tank  8  ft. 
in  diameter  and  30  ft.  long,  with  an  approximate  capacity  of  12  000 
gal.  is  recommended. 


I     >    End  sapporl    j      V" 
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HEATING  COIL  FOR  8  BY  30-FOOT  TANK 
RECOMMENDED  TYPE  OF  STORAGE  PLANT 
Fig.  9. 
Fig.  8  shows  steel  supports  for  the  tank,  which  are  recommended 
as  less   expensive  than   concrete   and   equally   efficient.     Fig.    9  shows 
the  piping  arranged  so  that  it  can  be  put  into  the  tank  through  the 
dome  after  erection,  and  then  connected  up  with  a  series  of  unions. 
In  every  case  the  tanks  should  be  equipped  with  steam  coils,  thus  mak- 
ing  it  possible  to  handle  any  of  the  heavier  grades   of  binding  oils, 
tars,  or  asphalts,   as  well  as  light   road  oils.     The  cost  of  these  coils 
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Mr.  is  nominal,  and  as  these  plants  are  usually  constructed  in  the  city  yard, 
■  where  a  steam  plant  is  in  operation  or  where  a  steam  roller  can  be 
quickly  connected,  it  is  a  profitable  investment  to  put  in  the  coils 
when  the  tanks  are  erected,  even  though  the  possibility  of  using  them 
for  anything  but  light  oil  cannot  be  foreseen.  Experience  has  proven 
the  merit  of  the  following  suggestions : 

1.  The  tank  should  be  placed  so  as  to  give  a  mininunn  fall  of  2  in. 
in  30  ft.  toward  the  outlet  end. 

2.  The  outlet  should  be  placed  as  near  as  possible  to  one  end  of  the 
tank. 

3.  It  is  important  that  the  arrangement  of  steam  coils  in  the  tank 
should  be  such  that  a  coil  is  placed  immediately  above  or  around  the 
opening  in  the  ovitlet  pipe,  thus  preventing  any  possibility  of  the  out- 
let becoming  blocked  by  the  collection  of  cold,  solid  material. 

4.  The  steam  coils  should  be  placed  on  a  cradle  as  low  as  possible 
in  the  tank.  A  maximum  distance  of  |  in.  between  the  bottom  of  the 
steam  coil  and  the  bottom  of  the  tank  is  recommended. 

5.  When  there  is  a  possibility  of  using  the  storage  tank  for  the 
handling  of  heavy  materials  late  in  the  year,  it  is  recommended  that 
the  outside  piping  be  steam-jacketed. 

A  number  of  advantages  accrue  from  the  erection  of  storage  tanks, 
such  as  the  removing  of  all  incentive  to  apply  oil  when  the  climatic 
conditions  or  the  condition  of  the  road  surface  are  not  favorable,  and 
the  possibility  of  altering  the  character  of  the  oil  to  suit  special  con- 
ditions. The  main  reason,  however,  for  investing  in  equipment  of 
this  kind  is  the  fact  that  it  is  highly  profitable  and  will  earn  a  large 
return  on  the  investment. 

The  city  equipped  with  storage  tanks  immediately  becomes  one 
of  the  most  desirable  customers,  and  can  obtain  lower  prices  than  cities 
not  thus  equipped.  In  the  past  it  has  not  been  unusual  for  towns  using 
from  100  000  to  200  000  gal.  of  oil  to  pay  the  railroad  company  more 
than  $1  000  per  year  in  the  form  of  demurrage,  and  quotations  have 
been  made  in  favor  of  the  towns  equipped  with  storage,  which  net 
a  saving  of  from  2  to  5  mills  per  gal. 

Mr.  W.  H.  FuLWEiLER,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  wishes 

Fuiweiler.  ^^  present  a  few  notes  on  the  practical  operation  of  some  motor 
sprinkling  trucks  during  1912.  These  trucks  were  used  in  applying 
bituminous  material  in  what  might  be  termed  a  surface  penetration 
treatment.  In  other  words,  the  endeavor  was  to  get  the  material  to 
penetrate  the  upper  1  in.  or  1^  in.  of  the  macadam  surface,  rather  than 
to  build  a  blanket  on  top  of  it. 

In  order  to  secure  this  penetration,  it  is  essential  that  the  surface 
of  the  road  be  cleaned  very  carefully  and  the  larger  stones  composing 
the  wearing  course  exposed.     Even  with  the  most  careful   sweeping. 
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it  was  difficult  to  secure  a  surface  sufficiently  free  from  dust  to  allow  Mr. 
tlie  uniform  application  of  the  bituminous  material  from  gravity 
wagons,  the  material  being  apparently  repelled  by  the  microscopic  layer 
I  if  dust  on  the  stone  surface.  It  was  evident,  therefore,  that  some  form  of 
distributor  was  required  from  which  the  material  would  be  forced  under 
sufficient  pressure  directly  into  contact  with  the  stone,  so  that  the 
dust  covering  would  be  brushed  to  one  side. 

A  machine  of  English  type,  manufactured  by  Tar  Roads,  Limited. 
London,  was  purchased.  It  was  provided  with  a  pump  geared  to  the 
wheels,  and  by  means  of  the  reducing  valve  enabled  a  sufficient  pressure 
to  be  kept  on  the  spray  lines,  so  that  with  a  little  care  in  driving  the 
horses,  quite  successful  results  were  obtained,  but  the  weight  and  the 
small  capacity  of  the  tank  precluded  the  use  of  such  an  apparatus  where 
there  were  long  hauls  from  the  tank-cars. 

With  a  haul  of  not  more  than  1  mile,  the  horse-drawn  type  of  ma- 
chine seems  to  work  quite  economically,  but  for  a  haul  of  more  than 
2i  miles,  and  running  up  to  15  or  18  miles,  it  is  entirely  out  of  the 
question. 

Two  5-ton  chassis,  provided  with  000-gal.  tanks,  were  equipped  with 
rotary  pumps  geared  to  the  transmission,  through  a  dog  clutch, 
so  that  they  could  be  operated  when  the  truck  was  in  motion  or  at 
rest.  By  including  a  pressure-reducing  valve  and  using  a  speedometer, 
it  was  possible  to  secure  a  very  uniform  rate  of  distribution. 

The  quantity  of  material  delivered  per  square  yard  depends  on  the 
pressure  and  viscosity  of  the  material,  and  this,  in  turn,  on  the  tempera- 
ture, so  that  by  increasing  the  pressure  or  running  the  truck  more 
slowly  in  the  morning,  or  during  cold  weather,  it  is  possible  for  the 
driver,  after  a  little  practice,  to  gauge  very  accurately  the  quantity  he 
is  delivering.  The  pressure  can  be  varied  from  20  to  200  lb.  per  sq.  in., 
and  take  care  of  any  ordinary  change  in  the  viscosity,  due  to 
temperature. 

The  great  difficulty  experienced  in  distributing  the  material  uni- 
formly is  mainly  in  hilly  countries.  The  ordinary  motor  truck  has 
not  enough  power  to  climb  the  various  grades  at  the  same  speed,  so 
that  it  is  necessarj'  to  change  the  gear  frequently,  or  climb  a  hill  on 
a  very  low  gear,  which  results  in  considerable  loss  of  time.  This  re- 
quires the  driver  to  do  some  rapid  changing  of  the  relief  valves  which 
control  the  pressure,  and  considerable  experience  is  necessary  to  adjust 
the  pressure  and  speed  accurately  and  economically.  It  appears  that 
not  less  than  80  h.p.  would  be  required  to  climb  average  hills  in  the 
East. 

Apparently,  the  larger  the  truck  (and,  therefore,  the  load),  the  more 
efficient  it  is,  but,  when  operating  in  country  districts,  this  is  limited 
by  the  fact  that  the  average  township  bridge  will  not  carrv  more  than 
10  tons.     For  operation  only  in  the  city,  or  in  districts  where  there  is 
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Mr.        improved   bridge   construction,    there   seems    to    be   no    reason   why   a 
Fulweiler.    ^.^  i-i  -iii,,  i 

oi-  or  8-ton  truck  might  not  be  practicable,  but  5  tons  seems  to  be 

all  that  can  be  used  in  the  country. 

Another  difficulty  is  due  to  the  wheel  base  of  the  truck.  On  many 
country  roads  the  shoulders  will  not  bear  the  concentrated  load  on  the 
rear  wheels,  so  that  it  is  frequently  necessary  to  run  long  distances 
before  reaching  a  suitable  point  to  turn  the  truck.  From  12  to  13  ft. 
seems  to  be  the  wheel  base  handled  most  economically  on  average  roads. 

In  operating  trucks  to  the  maximum  capacity,  the  greatest  diffi- 
culty is  due  to  the  fact  that  the  road  is  not  always  covered  as  it  should 
be  with  a  light  coating  of  sand  chips  or  gravel  after  the  application 
of  the  material,  in  order  to  prevent  it  from  picking  up  under  traffic. 
In  working  from  one  point  to  another,  throughout  the  country  dis- 
tricts, especially  about  harvest  time,  it  seems  to  be  impossible,  or  at 
least  very  difficult,  to  secure  sufficient  labor  to  apply  the  covering  as 
fast  as  the  machine  will  apply  the  material.  In  a  great  majority  of 
cases,  the  limiting  factor  for  the  truck  in  a  day's  work  is  the  ability 
of  the  laborers  to  cover  the  material. 

The  use  of  mechanical  sand  distributors  would  probably  be  economi- 
cal where  the  haul  is  short,  but  where  it  is  from  3  to  4  miles  long,  it 
would  seem  that  they  are  quite  out  of  the  question,  and  that  the  most 
economical  method  is  to  have  the  covering  material  spaced  properly 
along  the  road  side  in  piles,  about  60  ft.  apart,  and  then  hire  a  gang 
of  from  10  to  12  men  and  carry  them  from  place  to  place. with  the 
truck  to  do  the  spreading.  In  this  way  from  2  to  3  miles  of  14-ft. 
road  can  be  treated  daily,  applying  i  gal.  of  binder,  and  from  12  to 
38  lb.  of  covering  per  sq.  yd. 

Mr.  J.  A.  Johnston,  M.  Am.  Soc.  C.  E. — The  first  pressure-distributing 

machine  brought  into  Massachusetts  by  the  Highway  Commission  was 
not,  as  has  been  stated,  one  in  which  air  pressure  was  pumped  in  over 
the  tar,  thereby  forcing  out  the  tar  and  oil.  The  air  pressure  was  not 
pumped  directly  into  the  tank-wagon.  The  bituminous  material  was 
pumped  out  of  the  tank,  and  there  was  an  air  chamber  attached  to' 
the  pump  to  regulate  the  flow.  The  Aitken  machine  (the  one  referred 
to)  gave  fairly  good  results,  but  was  cumbersome.  It  held  from  1  000 
to  1  200  gal.,  weighed  10  tons  when  loaded,  and  was  mounted  on  rather 
small  wheels.  Much  difficulty  was  experienced  in  getting  it  over  un- 
improved roads  in  going  to  and  from  the  State  roads,  and  on  many 
such  roads  it  cut  into  the  soil  so  deeply  that  two  steam  rollers  were 
required  to  pull  it  through  the  bad  places. 

To  overcome  these  difficulties  the  speaker  devised  an  apparatus  con- 
sisting of  a  steam  pump  mounted  on  a  separate  carriage  and  fastened 
behind  an  ordinary  tank-wagon ;  it  was  quickly  detached  from  an  empty 
wagon,  and  re-attached  to  a  full  one.     The  bituminous  material  was 
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pumped  from  the  tank-wagon  and  forced  into  tlie  mad  at  a  pressure  Mr. 
of  not  less  than  70  lb.  per  sq.  in.  The  working  principle  of  the  ma- 
chine is  a  duplex  steam  pump  with  a  liberal  air  chamber;  and,  to 
insure  practically  constant  pressure,  a  release  valve  is  set  so  that  when 
the  pressure  exceeds  90  lb.,  the  excess  material  is  forced  through  a  by- 
pass back  into  the  suction.  The  quantity  of  material  applied  per  given 
area  is  regailated  principally  by  the  rate  the  wagon  travels  over  the 
road.  There  is  no  speedometer,  but  the  foreman,  by  the  aid  of  his 
watch  and  by  counting  the  revolutions  of  the  wheels,  determines  how 
fast  the  machine  should  travel.  That  method  seems  to  be  crude,  but 
it  has  given  very  good  results.  It  is  difficult  to  calibrate  such  a  ma- 
chine, because  so  many  factors  enter  the  problem,  namely,  tempera- 
ture, viscosity,  and  kind  of  material,  and  such  item.-^  vary  so  widely 
that  no  set  rules  can  be  made,  and  much  must  be  left  to  the  man  on 
the  job. 

The  method  of  doing  the  work  is  as  follows:  The  bituminous  ma- 
terial is  shipped  to  the  most  available  railroad  siding  in  tank-cars. 
If  the  material  is  so  heavy  that  it  requires  heating  before  it  can  be 
used,  the  tank-cars  are  equipped  with  steam  coils,  and  a  portable  steam 
boiler  is  set  up  and  connected  to  them  for  heating.  If  the  bituminous 
material  is  tar  or  oil  of  about  90%  so-called  "asphaltic  content,"  the 
material  can  be  pumped  from  the  top  of  the  tank  in  about  18  hours 
after  steam  has  been  turned  on.  A  steam  pump  attached  to  the  boiler 
is  used  for  this  work,  and  is  piped  so  that  the  bituminous  material 
is  pumped  from  the  top  of  and  returned  to  the  bottom  of  the  car,  thus 
circulating  it  and  overcoming  any  tendency  to  stratification.  When 
the  bituminous  material  has  attained  the  proper  temperature,  it  is 
pumped  into  tank-wagons  holding  about  700  gal.,  which  are  also 
equipped  with  steam  coils  for  re-heating  if  necessary,  and  hauled  with 
horses  or  traction  engine  to  the  work.  These  wagons,  which  weigh 
when  empty  about  3  000  lb.,  can,  when  loaded,  be  easily  pulled  by  a 
single  pair  of  horses  on  any  ordinary'  road.  The  wagons  are  often 
jolted  over  rough  surfaces  of  roads  under  construction,  hence  it  has 
been  found  difficult  to  keep  tight  joints  in  the  ordinary  steam  coil. 
This  trouble  has  been  obviated  by  using  a  special  form  of  coil,  con- 
structed so  that  there  are  no  joints  within  the  tank.  The  coils  are 
fastened  securely,  and  no  leaks  can  occur. 

When  the  wagon  arrives  at  its  destination,  the  horses  are  unhitched, 
the  wagon  is  coupled  to  the  steam  roller,  the  sprayer  is  then  attached 
behind  the  wagon,  steam  connections  are  made  to  the  roller,  which  then 
pulls  the  combination  over  the  road  and  furnishes  steam  to  drive 
the  pump  on  the  sprayer.  The  contents  of  the  wagon  can  be  applied 
on  the  road  in  an  absolutely  uniform  coating  in  20  min.  When  the 
wagon  is  empty,  it  is  replaced  by  a  full  one,  and  the  process  continues 
while  the  empty  tank   is  returned  for  refilling.     Several  tank-wagons 
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are  used,  and,  with  such  an  equipment,  1  mile  of  road  per  day  has  been 
treated  with  a  coating  of  ^  gal.  per  sq.  yd.,  and  covered  with  pea  stone 
or  gravel.  Much  more  could  be  done  if  the  grit  covering  could  be 
handled  to  better  advantage.  Heating,  hauling  (3  miles),  and  apply- 
ing the  bituminous  material  by  this  method  has  been  done  at  a  cost 
of  1^  cents  per  gal. 

Motor  wagons  are  economical  for  long  hauls  from  central  plants, 
but,  up  to  a  haul  of  3  or  4  miles,  they  cost  more  to  operate  than  the 
horse-drawn   tank-wagon. 

Arthur  H.  Blanchard,  M,  Am.  Soc.  C.  E. — The  selection  of  plant 
equipment  for  the  construction  and  maintenance  of  bituminous  surfaces 
and  bituminous  pavements,  which  will  be  economically  suitable  in 
methods  and  materials  for  local  requirements  in  each  case,  is  the  key- 
note of  successful  work  in  this  field  of  highway  engineering. 

A  review  of  the  various  mixing  machines,  mechanical  distributors, 
and  plant  accessories,  and  a  consideration  of  the  many  kinds  of  min- 
eral aggregates  and  types  and  grades  of  bituminous  materials  used 
in  the  construction  of  bituminous  concrete  and  bituminous  macadam 
pavements,  demonstrate  that  the  construction  engineer  and  contractor 
should  have  a  thorough  knowledge  of  the  limitations  of  each  type  of 
machine  on  the  market.  To  a  lesser  degree,  the  same  remarks  apply 
to  the  selection  of  plant  equipment  for  the  construction  and  mainte- 
nance of  bituminous  surfaces. 

If  bituminous  concrete  pavements  are  divided  into  three  classes, 
depending  on  the  character  of  the  mineral  aggregate,  that  is,  first,  those 
comiwsed  of  so-oalled,  one-size,  crusher-run  stone,  second,  those  com- 
posed of  combinations  of  stone  and  sand,  and,  third,  those  composed 
of  graded  sizes  of  broken  stone  or  broken  stone  and  sand,  it  will  be 
seen  at  once  that  some  machines  on  the  market  are  adaptable  for  only 
one  class  of  pavement,  and  others  may  be  used  for  the  construction  of 
all  classes,  although,  in  certain  instances,  the  overhead  charges  con- 
nected with  their  operation  may  not  render  them  economical.  Further- 
more, when  the  large  variety  of  solid  and  semi-solid  bituminous  cements 
which  may  be  used  for  the  construction  of  bituminous  pavements,  is 
considered,  it  is  evident  that  the  methods  of  applying  these  materials 
may  make  it  possible  to  use  certain  machines  and  bar  others.  Such 
details  as  the  heating  of  the  mineral  aggregate  may  also  be  a  controlling 
factor  in  the  selection  of  mixing  machines. 

In  the  case  of  mechanical  distributors,  the  quantity  of  material 
required  to  be  applied  per  square  yard  and  the  type  and  grade  of  the 
bituminous  material  essentially  afi"ect  the  selection.  It  is  well  known 
that,  with  many  distributors  on  the  market,  it  is  impossible  to  distribute 
certain  materials  which  may  be  used  satisfactorily  for  a  surface  coat, 
and,  with  others,  it  is  found  impracticable  to  distribute  the  small  q"uan- 
tities  required  in  some  methods  of  construction  and  maintenance. 
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Unfortunately,  sufficient  investigations  have  not  been  conducted  Mr. 
by  manufacturers  of  mixing  machines  or  mechanical  distributors  to  *°*^ 
enable  them  to  supply  all  the  necessary  information  to  prospective 
purchasers  when  definite  requirements  are  submitted  to  them.  As  a 
result,  there  are  many  cases  of  purchases  of  machinery  unsuitable  for 
the  work  in  hand  and  of  unsatisfactory  results  in  construction  and 
maintenance  accruing  therefrom. 

J.  W.  Howard,  Esq. — The  object  of  spraying  is  to  get  the  material  mt. 
down  into  the  surface  layer  before  it  becomes  chilled.  That  is  a  °'^^^^- 
mechanical  problem.  Coal-tars  when  cool  are  stiff  and  brittle,  hence 
with  their  products  it  is  essential  to  get  them  in  quickly,  while  they 
are  liquid  and  warm.  Anything  applied  by  the  gravity  method  is  likely 
to  chill  and  set  on  top.  Almost  all  asphaltic  oils  retain  fluidity  or 
viscosity,  even  when  cool,  therefore,  the  gravity  system  often  works 
well  with  them. 

High  pressures  on  bituminous  products  cause  the  air  to  enter  the 
products  and  stiffen  them  seriously  by  a  so-called  oxidation.  In  the 
pressure  system,  care  must  be  taken  that  the  pressure  is  not  so  high 
that  it  will  force  air  into  or  through  the  mass  of  warmed-up,  liquid, 
bituminous  substances,  as  this  permanently  stiffens  or  oxidizes  them. 

Philip  P.  Sharples,  Esq.* — The  speaker  believes  that  better  work  Mr. 
can  be  done  by  some  form  of  pressure  distributor  than  by  gravity 
distribution.  It  depends,  however,  on  the  kind  of  material  used. 
Some  materials  work  much  better  witli  pressure  distribution  than 
others  on  account  of  being  more  easily  liquefied.  With  certain 
kinds  of  asphalt  it  would  be  almost  impossible,  in  the  present  state  of 
the  art,  for  a  contractor  to  use  a  pressure  distributor. 

In  Boston  a  number  of  Alco  trucks  have  been  fitted  up  with  Kinney 
rotary  pumps  which  deliver  the  tar  to  the  spreaders  at  a  pressure  of 
about  30  to  35  lb.  per  sq.  in.  They,  however,  are  better  adapted  to 
seal  coats  and  to  surface  treatment  than  to  penetration  work  where  a 
large  quantity  per  yard  is  called  for  on  the  first  coat.  It  has  been 
the  practice  to  use  the  same  pressure  on  the  first  penetration  coat,  that 
is,  putting  on  about  1^  gal.  of  tar  materials  in  one  coat,  but  using 
steam  pressure  in  the  tank  and  a  hand  hose  and  spraying  nozzle  for 
the  distribution.  A  hose  in  the  hands  of  a  good  workman  produces 
very  good  results.  It  is  absolutely  essential  to  have  a  good  man 
at  the  end  of  the  nozzle,  or  unequal  distribution  will  result.  The  seal 
coat  may  be  applied  to  advantage  by  pressure  spreaders  spraying  h  gal. 
per  sq.  yd. 

The  truck  is  also  used  on  surface  coatings,  both  with  hot  and  cold 
materials,  with  excellent  results.     Auto  trucks  are  well  adapted  for 

*  Chief  Chemist.  Barrett  Mfg.  Co.,  Boston,  Mass. 
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Mr.      central  plant  distribution,  and  can  cover  a  territory  within  a  radius 
Sharpies.  ^^  about  60  miles.     The  material  can  be  kept  hot  for  this  distance 
without  any  difficulty. 

Mr.  Prevost   Hubbard,   Assoc.   Am.   Soc.    C.   E. — The   thermometer   is 

■  recognized  as  an  important  part  of  the  necessary  equipment  for  plant 
control.  It  is  rather  surprising,  however,  to  note  the  number  of  in- 
stances where,  in  the  construction  of  bituminous  surfaces  and  bitu- 
minous pavements,  the  bituminous  material  is  heated  in  small  kettles 
and  no  attention  paid  to  the  temperature  of  the  tar,  oil,  or  asphalt 
used.  Many  contractors  and  engineers  in  beginning  their  work  start 
with  thermometers  as  a  part  of  their  equipment,  but,  as  a  rule,  they 
are  soon  broken.  The  work,  however,  is  often  continued  without 
any  further  attempt  to  keep  temperature  records. 

The  common  laboratory  thermometer  is  not  satisfactory  for  obtain- 
ing the  temperature  of  large  quantities  of  bituminous  material  heated 
in  kettles.  It  is  advisable,  if  not  necessary,  when  obtaining  kettle 
temperatures  to  use  a  larger  thermometer,  preferably  one  which  can 
be  attached  to  the  sides  of  the  kettle  and  will  indicate  at  all 
times  the  temperature  of  the  bituminous  material  in  the  kettle. 
Such  thermometers  can  be  purchased  at  reasonable  prices,  and  have 
large  scales  which  can  be  read  at  a  distance,  so  that  the  kettle  man 
may  see  at  all  times  what  temperature  he  is  maintaining.  For  deter- 
mining the  temperature  of  heated  mineral  aggregate,  the  average  ther- 
mometer is  practically  useless.  If  it  is  continuously  thrust  into  and 
withdrawn  from  hot  bituminous  mixes,  it  will  eventually  crack  and 
break,  due  to  sudden  cooling. 

A  thermometer  has  been  designed  recently  which  is  preferable  to 
any  other  that  has  come  to  the  speaker's  notice.  It  is  made  by  electro- 
plating the  lower  6  in.  of  the  tube  and  bulb  of  a  glass  thermometer 
with  a  heavy  deposit  of  copper,  which  protects  the  glass  from  abra- 
sion, but  allows  quick  and  accurate  temperature  registration.  The 
thermometer  has  a  sharp  pointed  bulb,  and  is  made  of  heavy  glass.  It 
reads,  from  50°  to  500°  or  600°  Fahr.  This  thermometer  is  now 
manufactured  by  the  Taylor  Instrument  Company,  after  a  design  by 
Mr.  J.  O.  Hargrove,  Inspector  of  Asphalts  and  Cements,  of  the  Dis- 
trict of  Columbia. 
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NoTK. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  In- 
formation whicli  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


FRANKLIN  ALLEN  HINDS.  M.  Am.  Soc.  C.  E.* 


Died  August  23d,  1913. 


Franklin  Allen  Hinds  was  born  on  his  father's  farm  near  Water- 
town,  N.  Y.,  on  November  17th,  1843,  and  received  his  elementary  edu- 
cation in  the  public  schools  of  that  place.  When  ho  was  21,  he  went, 
by  way  of  Panama,  to  Portland,  Ore.,  where  he  studied  under  various 
engineers  for  two  years.  He  then  returned  East,  and  studied  for  a 
year  at  Yale  University. 

Mr.  Hinds  then  undertook  the  surveys  for  the  Carthage,  Watertown 
and  Sacketts  Harbor  Railroad,  and,  later,  was  made  Chief  Engineer 
of  that  road.  Among  other  railroad  work  of  which  he  had  charge  was 
that  for  the  Kingston  and  Pembroke,  and  the  surveys  for  the  New 
York  and  Boston  Inland  Railroad.  For  some  years  he  was  in  partner- 
ship with  Mr.  John  Moffett,  constructing  municipal  water-works  in 
all  parts  of  the  United  States  and  Canada. 

In  1889,  Mr.  Hinds  formed  a  partnership  with  E.  A.  Bond,  M.  Am. 
Soc.  C.  E.,  ex-Chairman  of  the  New  York  Barge  Canal  Advisory 
Board.  The  firm  had  a  large  consulting  practice  in  mill  construction, 
water-works,  hydro-electric  developments,  and  general  engineering. 
This  partnership  was  dissolved  in  1896,  but  the  business  was  continued 
by  Mr.  Hinds  until  his  death.  He  was  City  Engineer  of  Watertown 
for  several  years,  a  member  of  the  Board  of  Commissioners  for  33  years, 
and  a  vestryman  of  Trinity  Church  for  26  years. 

On  account  of  his  sterling  character  and  his  kindly  interest  in 
others,  Mr.  Hinds  was  always  an  inspiring  example  to  the  younger 
men  with  whom  he  came  in  contact.  He  loved  his  profession  and  in- 
stilled that  love  in  others.  To  him,  truth  and  honesty  were  funda- 
mental, and  no  design  was  good,  or  engineering  project  sound,  unless 
it  was  founded  on  truth  and  designed  with  unswerving  honesty. 

In  1867  he  was  married  to  Miss  Marj'  R.  Thompson,  who,  with  one 
brother,  Oscar  E.  Hinds,  survives  him. 

j\rr.  Hinds  was  elected  a  Member  of  the  iVmerican  Society  of  Civil 
Engineers,  on  May  3d,  1899. 


♦Memoir  prepared  by  Lou  B.  Cleveland,  Assoc.  M.  Am.  Soc.  C.  E. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


September  17th,  1913.— The  meeting  was  oalled  to  order  at  S.,'K) 
I'.  M.;  Vice-President  J.  Waldo  Smith  in  the  chair;  Charles  Warren 
Hunt.  Secretary;  and  present,  also,  179  members  and  29  guests. 

A  paper  by  J.  C.  Ulrich,  M.  Am.  Soc.  C.  E.,  entitled  "The  I'rewitt 
iieservoir  Proposition",  was  presented  by  title  only. 

Xelsou  P.  Lewis.  M.  Am.  Soc.  C.  E.,  presented  the  report*  of  the 
representatives  of  the  Society  appointed  by  the  Board  of  Direction  to 
attend  the  Third  International  Road  Congress,  held  at  London, 
Kiifrland.  June  23d-28tb,  19i;5,  and  Messrs.  George  W.  Tillson,  W.  W. 
(  rosby.  D.  B.  Goodsell,  A.  H.  Blanchard,  and  E.  H.  Thomes  presented 
ilicir  personal  views  of  and  (>x[i('rience.s  at  the  Congres.'^.  ■ 

Adjourned. 

'"•■'"    •     •  •     ■■ ■'    •''•  y.<<'-'  1.1    ^:i  iy..\. .    ■ 

*  See  page  645. 
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October  ist,  i9«3. — The  meeting  was  called  to  order  at  8.30 
p.  M.;  President  George  F.  Swain  in  the  chair;  Chas,  Warren  Hunt, 
Secretary;  and  present,  also  157  members  and  23  guests. 

The  minutes  of  the  meeting  of  September  3d,  1913,  were  approved 
as  printed  in  Proceedings  for  September,  1913. 

A  paper  by  William  J.  Wilgus,  M.  Am.  Soc.  C.  E.,  entitled  "Physi- 
cal Valuation  of  Railroads"  was  presented  by  the  author.  The  paper 
was  discussed  by  Messrs.  F.  Lavis,  W.  W.  Crehore,  T.  Kennard  Thom- 
son, J.  Shirley  Eaton,  Charles  S.  Churchill,  and  the  author. 

The  Secretary  announced  that  written  discussions  on  the  paper  by 
Messrs.  Maurice  G.  Parsons,  J.  Frank  Aldrich,  J.  Shirley  Eaton,  C.  P. 
Howard,  M,  H.  Brinkley,  Albin  G.  Nicolaysen,  and  F.  A.  Molitor, 
had  been  published  in  the  August  and  September  numbers  of  Pro- 
ceedings, and  that  Messrs.  S.  Whinery,  J.  E.  Willoughby,  Halbert 
P.  Gillette,  J.  H.  Gandolfo,  and  Alexander  C.  Humphreys,  had  also 
forwarded  communications  on  the  subject.  Owing  to  lack  of  time 
Mr.  Humphreys'  discussion  was  the  only  one  read. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  October  1st,  1913 : 

As  Members 

James  Ekin  Allison,  St.  Louis,  Mo. 
;..         Bert  Henry  Burrell,  Washington,  D.  C. 
Edwin  Morris  Capps,  San  Diego,  Cal. 
William  Pitcher  Creager,  New  York  City 
Alphonsus  Ligouri  Drum,  Chicago,  111.  /■ 

Almon  Lawrence  Fales,  Worcester,  Mass. 
Hubbard  Moylan  Feild,  Bocas  del  Toro,  Panama 
Robinson  Wilber  Hawley,  Berkeley,  Cal.  ; 

John  Albert  Holmes,  Mountain  Mills,  Vt. 
Frank  Elmer  Lamphere,  Chicago,  HI. 
Charles  Arthur  Lindbery,  Bellingham,  Wash. 
James  William  Nelson,  Brooklyn,  N.  Y. 
Floyd  Odell  Pease,  La  Paz,  Bolivia 
Charles  Stockton  Pope,  Los  Angeles,  Cal. 
George  Frederick  Porter,  Montreal,  Que.,  Canada 
Charles  Miller  Reppert,  Pittsburgh,  Pa. 
Franklin  Dickinson  Shaw,  Philadelphia,  Pa. 
John  Muir  Sills,  Springfield,  Mo. 
Burton  Smith,  Turlock,  Cal. 
Charles  Edward  Smith,  St.  Louis,  Mo. 
David  Wendel  Spence,  College  Station,  Tex. 
Edmund  Job  Steere,  Providence,  R.  I. 
Charles  Eugene  Sudler,  Put-in-Bay,  Ohio 
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As  Associate  Members 

Albert  Kead  Baker,  San  Rafael,  Cal. 

George  Livingston  Bakkk,  Friendship,  N.  Y. 

John  Edward  Bebb,  Duluth,  Minn. 

Johannes  Helenus  Bernhard,  New  Orleans,  La. 

Harry  Remington  Bouton,  New  York  City 

Frederic  Waterman  Burnham,  New  York  City 

Alfred  James  Charles,  Denver,  Colo. 

James  George  Esch,  Cleveland,  Ohio 

Frank  Preston  Fifer,  Albany,  N.  Y. 

Francis  James  Fitzpatrick,  Empire,  Canal  Zone,  Panama 

Howard  Lewis  Francis,  Rocha,  Uruguay 

Guy  Owen  Eraser,  Oakland,  Cal. 

Frank  Alexander  Giesting,  Beristain,  Puebla,  Mexico 

James  Lawrence  Harrop,  Madison,  Wis. 

Earle  Menelas  Hartridge,  New  York  City 

Edward  Joseph  Henriques,  Sioux  City,  Iowa 

Jesse  Blaine  Holly,  San  Francisco,  Cal. 

Robert  Hugh  Houston,  Rochester,  N.  Y. 

Lyman  Stanley  Howe,  Wilkes-Barre,  Pa. 

Edward  Mathew  Kayser,  Loch  Raven,  Md. 

Clarence  Ivan  Lantz,  Morgantown,  W.  Va. 

Martin  Philippe  Lauer,  Airon,  Ohio 

Thomas  Joseph  Leahy,  Denver,  Colo. 

Mark  Linenthal,  Roxbury,  Mass. 

Charles  Winslow  Lusk,  Kansas  City,  Mo. 

Charles  Christopher  Martin,  Guayama,  Porto  Rico 

Thomas  Hatcher  Matson,  Las  Cruces,  N.  Mex. 

Clarence  J  Noland,  Yonkers,  N.  Y. 

Cuthbert  Powell  Noland,  Jr.,  Baltimore,  Md. 

Charles  William  Okey,  Houma,  La, 

James  Edwin  Parker,  Augusta,  Ga. 

John  Ferdinand  Peterson,  Cambridge,  Mass. 

Norman  Oilman  Ray,  Massena,  N.  Y. 

Charles  Potter  Richardson,  Chicago,  111. 

Thomas  Walton  Roby,  Jr.,  Kingston,  Ont.,  Canada 

Selden  Emmett  Rockwell,  Jordan  River,  B.  C,  Canada 

Samuel  Joseph  Sprol,  Baltimore,  Md. 

Edwy  Lycurgus  Taylor,  New  Haven.  Conn. 

Clarence  Lionel  Todd.  Pittsburgh,  Pa. 

Everett  Franklin  Tomlinson,  Dorchester,  Mass. 

Nicholas  Corneilius  Vandemoer,  Denver,  Colo. 

CoNR.\D  Meuly  von  Blucher,  Corpus  Christi,  Tex. 

Thomas  Robert  Walter.  Post  City,  Tex. 
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Elwin  Streeter  Warner,  Greenfield,  Mass. 
Egbert  Clark  Wheeler,  Vincennes,  Ind. 
Chester  Greentialgh  Wigley,  Trenton,  N.  J. 
William  Lane  Williams,  Rome,  N.  Y. 

As  Juniors 

Tom  Allen  Either,  Eerkeley.  Cal. 

William  Elair  Eovyer,  San  Francisco,  Cal. 

George  Lockwood  Brinkeriioff,  Gatun,  Canal  Zone,  Panama 

Nicholas  Colas,  Puerto  Earrios,  Guatemala 

Eugene  Hunter  Coleman,  New  Orlean.s,  La. 

Lewis  Henry  Delany,  Greeneville,  Tenn. 

Carl  E  Downing,  Eelzoni,  Miss. 

Robert  Francis  Duryea,  San  Francisco,  Cal. 

Stanley  Harvey  Edmunds,  Yankton,  S.  Dak. 

John  Fellows  Gowen,  Ossining,  N.  Y. 

John  Stanley  Grepe,  Jr.,  San  Francisco.  Cal. 

James  Euchanan  Hays,  Eoise,  Idaho 

Solon  Herzig,  Eutte,  Mont. 

Ernst  Gustav  Kaufmann,  Toronto,  Ont..  Canada 

Jared  Leroy  Mathias,  San  Francisco,  Cal. 

Laurence  Minot  Pitman,  Arlington  Heights.  Mass. 

Caesar  Rodney  Roberts,  Seattle,  Wash. 

Valeriano  Segura,  Cebu,  Philippine  Islands 

Wakeman  Francis  Sherwood,  Binghamton,  N.  Y. 

Leonard  Hanscome  Sinclair,  Washington,  D.  C. 

Ralph  Smillie.  New  York  City 

William  Andrew  Smith,  South  Fork,  Colo. 

Frank  Clyde  Stewart,  Kittanning,  Pa. 

Lawrence  Johnson  Williams,  Seattle.  Wash. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  October  1st,  1913: 

From  Associate  Member  to  Member 

William  Franklin  Allison,  Portland,  Ore. 

Othmar  Hermann  Ammann,  New  Brighton,  N.  Y. 

Collingwood  Bruce  Brown.  Jr.,  Montreal.  Que.,  Canada 

John  Stanton  Ely,  Philadelphia,  Pa. 

Jerome  Henry  Fertig,  Montrose,  Colo. 

John  Blake  Gordon,  Washington,  D.  C. 

Benjamin  Feland  Groat,  Pittsburgh,  Pa. 

Sherman  Augustus  Jubb,  Los  Angeles,  Cal. 

Arnold  Henry  Krone,  Baltimore,  Md. 
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AuMdi  1!  (antkkli,  Polk,  Clanton,  Ala, 
Ci.AiiKNCi;  Wkbstkr  Raynor.  Portland,  Ore. 
William  Eknkst  Smith,  Calgan,-,  Alberta,  Canada 

From  Junior  to  Asso<'iate  Member 

James  Everett  Beswick,  Albany,  N.  Y. 

James  Elaine  Thomas  Colman,  Ann  Arbor,  Mich. 

John  Henry  Feioel,  Jkiffalo,  N.  Y. 

John  Warren  DuBois  Gould,  New  York  City 

Joseph  Watson   Gross.  Sacramento,  Cal. 

Charles  MacDonali>,  Tarrytown.  X.  Y. 

( "HHisToiMiER  Ge()R(;e  Mokkison,  IJiifiaycn,  Philippine  Islands 

Edwin  James  Potter.  Pawtucket.  II.  I. 

Ralph  John  Reed.  Los  Angeles,  ( 'al. 

Clifford  Bradley  Suttle,  Philadelphia,  Pa. 

Jonathan  Erne.st  Teal,  Baltimore,  Md. 

Xathan  Thomas  Veatch.  Jr.,  Kansas  City,  Mo. 

Homer  Jenner  Wilkins,  Oklahoma  City.  Okla. 

Tlie   Sci-i't'tary   announced   the   following-  deaths: 

Arthur  Lincoln  Adams,  of  San  Francisco,  Cal.,  elected  ^lember, 
October  2d.  1895;  died  Sept<?mber  17th.  191:*.. 

John  Butler  Duncklee,  of  South  Orange.  N.  J.,  elected  Member. 
April  2d,  1873;  died  July  7th,  1913. 

John  Douglas  Fouquet,  of  Fishkill,  N.  Y.,  elected  Member,  June 
;M,  1885;  died  September  18th.  1913. 

Francis  Valentine  Toldervv  Lee,  of  Victoria,  B.  C,  Canada, 
elected  Member.  February  1st,  1910;  died  August  17th,  1913. 

James  Ross,  of  Montreal,  Que.,  Canada,  elected  Member,  September 
fith.  1882;  died  September  20th,  1913. 

The  Secretary  announced  that  the  next  meeting  of  the  Society, 
on  October  15th.  would  be  held  in  New  Orleans,  La.,  but  that  arrange- 
ments were  being  made  for  holding  an  informal  meeting  at  the  Society 
House  on  the  same   date. 

Adjrturiied. 
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OF  THE    BOARD  OF  DIRECTION 

(Abstract) 

October  ist,  1913. — President  Swain  in  the  chair;  Chas.  War- 
ren Hunt,  Secretary;  and  present,  also,  Messrs.  Bush,  Churchill, 
Edwards,  Endicott,   Gerber,   Hodge,   Ridgway,   Smith,   and   Snow. 

Thomas  Coltrin  Keefer,  Member  and  Past-President,  was  elected 
by  unanimous  vote  of  the  Board  of  Direction  and  of  all  living  Past- 
Presidents  an  Honorary  Member  of  the  Society. 

In  the  matter  of  the  Licensing  or  Registration  of  Engineers  by  the 
various  States,  it  was  decided  to  keep  the  Committees  on  this  subject 
appointed  some  time  ago,  alive,  and  authority  was  given  to  fill  any 
vacancies  which  may  have  occurred,  and  the  Secretary  was  instructed 
as  soon  as  these  Committees  are  filled  to  publish  their  names  in 
Proceedings. 

Upon  request  of  the  Committee  of  Management  of  the  International 
Engineering  Congress  of  1915,  the  Treasurer  of  the  Society  was  au- 
thorized to  forward  $2  250  to  that  Committee,  this  sum  being  25% 
of  the  total  amount  underwritten  by  this  Society,  for  the  payment  of 
necessary  preliminary  expenses. 

James  H.  Edwards  was  appointed  a  member  of  the  Special  Com- 
mittee on  Steel  Columns  and  Struts,  to  fill  the  vacancy  caused  by  the 
death  of  the  late  Alfred  P.  Boiler. 

The  Secretary  was  requested  to  go  to  San  Francisco  after  the 
New  Orleans  Meeting  to  consult  with,  and  give  any  aid  he  can  to, 
the  Committee  of  Management  in  charge  of  the  International  En- 
gineering Congress  of  1915,  and  also  to  secure  as  much  information 
as  possible  on  which  to  base  a  decision  as  to  the  time  and  place  for 
holding  the  Annual  Convention  of  1915,  which  it  has  already  been 
determined  shall  be  held  in  or  near  San  Francisco. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  23  Members,  47  Associate  Members.  24  Juniors,  and  the  transfer 
of  13  Juniors  to  the  grade  of  Associate  Member. 

Twelve  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Applications  were  considei*ed,  and  other  routine  business  transacted. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A,  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE   MEETINGS 

November  5th,  1913.— 8.30  P.  M.— This  will  be  a  re^lar  busi- 
ness meeting.  Two  papers  will  be  presented  for  discussion,  as  follows: 
"Concrete  Bridges:  Some  Important  Features  in  Their  Design."  by 
Walter  .M.  Smith,  Sr.,  M.  Am.  Soc.  C.  E.,  and  Walter  M.  Smith,  Jr., 
Jun.  Am.  Soc.  C.  E.;  and  "The  Effect  of  Saturation  on  the  Strength 
of  Concrete,"  by  J.  L.  Van  Ornum,  M.  Am.  Soc.  C.  E. 

These  papers  were  printed   in  Proceedings  for  August,   1913. 

November  19th,  1913.— 8.30  P.  M — At  this  meeting  a  paper  by 
Richard  R.  Lyman,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Measurement 
of  the  Flow  of  Streams  by  Approved  Forms  of  Weirs,  with  New  Formu- 
las and  Diagrams,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  September,  1913. 

December  3d,  1913.— 8.30  P.  M. — A  regular  business  meeting 
will  be  held,  and  two  papers  will  be  presented  for  discussion,  as  follows: 
"CJoal  Piers  on  the  Atlantic  Seaboard,"  by  J.  E.  Greiner,  M.  Am.  Soc. 
C.  E.,  and  "Topographical  Surveys  Made  by  the  American  Section  of 
the  International  Boundary  Commission,  United  States  and  Mexico," 
by  W.  W.  Follett,  M.  Am.  Soc.  C  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

SPECIAL  MEETINGS  FOR  TOPICAL  DISCUSSION 

On  the  two  days  immediately  following  the  Annual  Meeting,  three 
meetings  of  the  Society  will  be  held,  at  which  the  subject  for  discussion 
will  be  "Road  Construction  and   Maintenance." 

The  meetings  will  be  held  as  follows: 

First  Meeting,  Friday,  January  23d,  1914.  — 10  A.  M — The  follow- 
ing sul)-(livisi()n  of  tlin  sul>J('ct  will  he  discussed  : 

(1)  "Engineering  Organizations  for  Highway  Work." 

Second  Meeting,  Friday,  January  23d,  1914.— 2  P.  M.— The  follow- 
ing sul)-(iivision  (if  the  subject  will  he  discussed  : 

(2)  "Factors  Limiting  the  Selection  of  Materials  and  of  Methods 
in  Highway  Construction." 

Third  Meeting,  Saturday,  January  24th,  1914-— «o  A.  M.— The  fol- 
lowing suli-division  of   the  sulijcct  will  l)c  discussed  : 

(3)  "Equipment  and  Methods  for  Maintaining  Bituminous  Sur- 
faces and  Bituminous  Pavements." 
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SPECIAL    COMMITTEE    ON    A    NATIONAL    WATER    LAW. 

At   the  Society  meeting-  of  May  7th.  191.'!.   the  following  was  pre- 

selited:         '  /  .   ■'■' '  -  w^  . .  ^ .  .. 

■:,'!.■      •  v.v.i    .  .  .  jyx^;Jt.iyi.:,i',  i.    ,■/!;:■•;     >.,;   t\/'<:.':  i.   .«' /--■f.'iio  jvtv;-'.;.   ,  k *■''!.■   vt  ■ 

'^ Moved:    That  the   Board  of  Direction   of   the   American   Society 
of  Civil  Engineers  be  and  is  hereby  authorized  and  directed  to  appoint 
a    special    committee    to    investigate    the    advisability    of    drafting    A 
National  Water  Law  applicable  to  all  navigable,  interstate  and  other 
waters   within   the  jurisdiction   of  the   United   States,   a.nd   embracinji 
all  uses  of  water,  and  that  such  committee  be  directed  to  prepare   a 
preliminary  draft  of  such  a  law  for  submission  at  some  regular  meet- 
ing of  the  Society,   if,  in  their  judgment,  it  appears  advisable."' 
This  Resolution  was  referred  to  the  Board  of  Direction. 
The  Board  has  appointed  tlie  following  Conunittee: 
,,:  F.  H.   Nkvvkll.   Chairman, 

Geor(;e  G.  Anderson.  Kobkrt  E.  Horton. 

Charles  W.   Comstock.  John  H.  Lewis. 

Clemens  Herschel,  Charles  D.  Marx. 

W.    C.    HOAD,  (lARDNKH    S.    WtIJJAMS. 


LIST  OF   NOMINEES    FOR   THE   OFFICES  TO   BE  FILLED  AT  THE 
ANNUAL  ELECTION,  JANUARY  2ist,  1914 

The  following  list  of  nominees  for  the  ofKces  to  be  filled  at  the 
Annual  Meeting,  January  21st,  1914,  I'eceived  from  the  Xominating 
Committee,  was  presented  to  the  Board  of  Direction  at  its  nicetiug 
on  September  3d.  1913.  The  list  has  already  been  mailed  to  all 
Corporate  Members : 

For  President,  to  serve  one  year: 
Hunter  McDonald.  Nashville,  Tenn. 

For   Vice-Presidents,  to  serve   two  years: 

Charles  F.  Loweth,   Chicago,  111. 
Gardner  S.  Wh.liams,  Ann  Arbor,  Mich. 

For  Treasurer,  to  serve  one  year: 
John  F.  Wallace,  New  York  City 

For  Directors,  to  serve  three  years: 

Arthur  S.  Tuttle,  New  York  City District  No.  1 

George  W.  Fuller,  New  York  City District  No.  1 

Charles  H.  Keefer.  Ottawa,  Ont.,  Canada .  District  No.  '1 

Mortimer  E.  Cooley,  Ann  Arbor,  Mich..  .District  No.  3 

Eugene  E.  Haskell,  Ithaca,  N.  Y District  No.  3 

Richard  Montfort,   Louisville.    Ky District  No.  5             ; 
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REPORT  OF  REPRESENTATIVES  OF  THE  AMERICAN  SOCIETY  OF 

CIVIL  ENGINEERS  AT  THE  THIRD  INTERNATIONAL 

ROAD   CONGRESS 

Nkw  York  Citv,  Skptkmukh  (i.  1913. 

To   Tin;    BoAIU)   OF   DlUlXTIUN    OF   TlIF 

Amfkican  Sociktv  of  Civil  Ex(;inki:hs. 

Gextlkmkn  : — We,  the  undersigned,  having  been  honored  by  your 
designation  as  representatives  of  the  American  Society  of  Civil  En- 
jiineers  at  the  Third  International  Road  Congress,  which  was  held  in 
Ltmdon  from  June  2"h\  to  28tli  of  the  present  year,  beg  to  submit  the 
following  report : 

The  attendance  at  the  Congress  was  over  2  000,  but  the  official 
figures  showing  the  total  registration  are  not  yet  available.  The  pro- 
gramme of  the  Congress  and  the  subjects  of  the  nine  (9)  questions 
and  ten  (10)  communientions  submitted  for  consideration  have  been 
so  frequently  published  in  tlie  engineering  press  that  it  is  needless 
for  us  to  enumerate  them.  Although  they  covered  such  subjects  as 
I  lie  lighting  of  highways  and  vehicles,  the  regulation  of  traffic,  the 
authorities  in  charge  of  highways,  direction  and  distance  sign  posts, 
and  the  development  of  .self-propelled  vehicles,  it  was  essentially  an 
ciigiiieering  congress.  There  were  twenty-five  (25)  American  authors 
of  ])apers.  and  it  is  gratifying  to  note  that,  notwithstanding  the  fact 
tliat  some  of  the  subjects  w^ould  naturally  be  treated  by  other  than  civil 
engineers,  no  less  than  seventeen  (17)  of  the  twenty-five  (25)  authors 
are  members  of  the  Society,  while  still  other  members  took  part  in 
rlie  discussions.  Many  of  the  papers  presented  were  valuable  contribu- 
tions to  engineering  literature.  The  conclusions  which  were  embodied 
in  the  resolutions  adopted  at  the  final  session  of  the  Congress  contain 
certain  fundamental  principles  which  will  doubtless  be  acceiHcd  by 
liighway  engineers,  but  a  number  of  the  resolutions  submitted  tu  the 
Congress  by  the  general  reporters  failed  of  adoption  or  were  substan- 
tially modified  owing  to  the  reluctance  of  many  of  the  delegates  to 
acce[)t  conclusions  which  were  in  any  way  at  variance  with  the  tradi- 
tional practice  witli  whicli  they  were  familiar,  and  owing  also  to  an 
in.stinctive  courtesy  which  restrained  delegates  of  one  country  from 
insisting  upon  the  adoption  of  resolutions  which  did  not  appear  to 
lif  acceptable  to  their  colleagues  from  other  countries.  We  have  not 
embodied  these  resolutions  in  our  report.*  but  a  copy  of  them  is  at- 
tached and  submitted  herewith. 

In  connection  with  the  Congress  there  was  an  extensive  and  very 
instructive    exhibition    of    road    machinery    and    materials,    while    the 

*  These  resolutions  are  not  reproduced  here,  but  are  flled  in  the  Library  of  the  Society 
where  they  are  available  for  alt  who  wish  to  examine  them.  They  may  also  be  found  in 
The  Surveyor  and  Municipal  and  County  Engineer.  July  4th.  1013. 
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National  Physical  Laboratory,  including  the  Road  Board  Laboratory 
for  the  testing  of  road  materials,  was  inspected  by  many  of  the  delegates. 
The  Institution  of  Civil  Engineers  is  in  temporary  quarters  during 
the  construction  of  its  new  building,  and  was,  therefore,  unable  to  place 
any  of  its  rooms  at  the  disposal  of  the  Congress  for  the  sectional  meet- 
ings. The  Institution  of  Mechanical  Engineers  and  the  Surveyors'  In- 
stitution hospitably  opened  their  buildings  for  this  purpose,  and  one 
of  the  most  delightful  social  functions  in  connection  with  the  Congress 
was  the  reception  by  the  Institution  of  Civil  Engineers  at  Albert  Hall 
on  the  evening  of  June  25th.  The  Organizing  Committee  arranged 
a  number  of  excursions  for  the  inspection  of  highways  and  paving 
plants  in  various  parts  of  Great  Britain,  and  the  delegates  were  every- 
wliere  most  hospitably  entertained  by  the  British  engineers  and  highway 
officials. 

The  visiting  members  of  the  Society  were  cordially  urged  to  attend 
the  ceremonies  incident  to  the  unveiling  of  the  memorial  window  to 
Lord  Kelvin,  at  Westminster  Abbey,  on  July  15th,  but  as  we  had  to 
leave  London  before  that  date,  we  were  unable  to  be  present  at  the  con- 
summation of  a  movement  in  which  the  Society  took  an  active  part  and 
toward  the  expense  of  which  our  members  made  substantial  contribution. 
The  next  Congress  is  to  be  held  at  Munich  in  1916.  We  believe  that 
an  invitation  to  hold  the  Congress  of  1919  in  this  country  would  re- 
ceive favorable  consideration  were  it  not  for  the  fa.ct  that  the  United 
States  is  the  only  important  country  which  has  not  given  official  recog- 
nition to  this  movement  by  becoming  a  member  of  the  Permanent  As- 
sociation of  International  Road  Congresses,  and  as  the  Federal  Congress 
has  expressly  forbidden  the  President  to  extend  or  accept  invitations 
to  participate  in  any  international  convention  without  the  express 
authority  of  the  Congress,  it  is  obvious  that  such  an  invitation  cannot 
be  given. 

We  venture  to  express  the  hope  that  this  prohibition  will  soon  be 
repealed,  that  the  United  States  Government  will  join  with  the  other 
nations  of  the  world  in  this  movement,  and  that  the  highway  engineers 
of  the  United  States,  and  especially  the  members  of  this  Society,  may 
be  given  an  opportunity  to  return  the  graceful  courtesies  which  they 
have  already  received  at  the  hands  of  the  engineers  and  other  highway 
officials  of  France,  Belgium,  and  Great  Britain,  in  connection  with  the 
three  Road  Congresses  already  held  and  which  will  undoubtedly  be  ex- 
tended to  them  by  the  German  officials  and  engineers  in  1916. 
Respectfully  submitted, 

Nelson  P.  Lewis, 
Geo.  W.  Tillson, 
W.  W.  Crosby, 
Damel  B.  Goodsell, 
Arthur   H.   Blanchard. 
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SEARCHES   IN  THE    LIBRARY 

111  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  ex])ressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
f'roceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  i)resentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceediyxgs  in  the  same  manner  as  those  which  are  to 
♦  Proceedings,  Vol.  XXXIII.  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
June,  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretarj'^  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  ajiy  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Roger  W.  Toll,  Jun.  Am.  Soc.  C.  E.,  700  Tramway 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

September  13th,  i9«3'— The  meeting  was  called  to  order;  Presi- 
dent Ridgway  in  the  chair;  Roger  W.  Toll,  Secretary;  and  present, 
also,  10  members  and  2  guests. 

The  minutes  of  the  meeting  of  June  14th,  1913,  the  Annual  Meet- 
ing, were  read  and  approved. 

The  resignation  of  G.  N.  Houston,  M.  Am.  Soc.  C,  E.,  as  President 
of  the  Association,  was  rea.d,  and  the  announcement  was  made  that,  in 
accordance  with  the  Constitution,  Vice-President  Ridgway  had  suc- 
ceeded to  the  office  of  President  and  that  the  Executive  Committee 
had  chosen  E.  F.  Vincent,  M.  Am.  Soc.  C.  E.,  to  fill  the  office  of  Vice- 
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President.     On  motion  tlio  netion  of  the  Executive  Committee  in  this 
matter  was  adopted. 

riie  report  of  the  Auditing  Committee  was  read  and  adopted. 

In  accordance  with  a  resolution,  the  President  appointed  Messrs. 
H.  S.  Crocker.  Chairman.  John  E.  Field,  and  Robert  Follanshee,  a 
(^ommittee  to  take  action  in  regard  to  a  contribution  to  the  Tnter- 
national  Engineering  Congress. 

A  paper  by  M.  C.  Hinderlider.  M.  Am.  Soc.  C.  E.,  entitled  "The 
Santa  Cruz  Valley  Irrigation  Project  at  Tucson,  Arizona,"  was  pre- 
sente<l  by  the  author  who  illustrated  his  remarks  with  stereopticon 
views. 

Adjourned. 

Atlanta  Association 

(Abstract  of  Minutes  of  Meeting) 

September  12th,  ioi3' — At  a  meeting  lield  at  the  Carnegie  Library. 
I'rcsidt'nt  Arthur  J'ew  in  tlie  chair  ;  James  Xisbet  Ilazlehurst,  Chair- 
man of  the  PLxecutive  (.'ommittee,  acting  as  .Secretary  ;  the  following 
(lusiness  was  transacted  : 

The  Report  of  the  Executive  Committee  relative  to  a  movement 
toAvard  affiliating  with  the  Tvocal  Chapters  of  other  Scientific  Societies 
r('j)resented  in  the  City  of  Atlanta,  was  presented  and  discussed.  On 
motion,  the  action  of  the  Executive  Committee  in  this  matter  was 
approved,  and  the  acceptance,  on  the  part  of  the  Association,  of  mem- 
bership in  the  proposed  general  organization  of  local  chapters,  was 
(■arrie<l.  provided  the  })roject  received  the  approval  of  the  Board  of 
Direction  (»f  the  American  Society  of  Civil  Engineers. 

7x  M.  Hall,  M.  Am.  Soc.  C'.  E.,  was  appointed  a  member  of  the  Execu- 
tive Committee  to  serve  out  the  unex{)ired  term  of  Alexander  Bonny- 
man.  M.  Am.  Soc.  C.  E.,  whose  resignation  was  accepted  on  account 
of  change  of  residence. 

At  the  request  of  the  Carnegie  Library  Commission,  President  Pew 
a|)[)ointed  Messrs.  Hall,  Dallis.  and  Thayer  to  act  as  an  Advisory  Com- 
mittee in  the  selection  of  such  technical  literature  as  the  Commission 
shall  hereafter  purchase  for  the  Library. 

On  motion.  ^Nfr.  Hazlehurst  was  selected  to  re))resent  the  Associa- 
tion in  the  future  affairs  of  the  AiBliated  Technical  vSocieties  of  the  City 
(if  Atlanta,  and  to  serve  on  its  Executive  Committee  until  his  successor 
is  ayipointed. 

Adjourned. 

Philadelphia  Association 

At  its  meeting  of  June  4tli.  liH.'?,  the  Board  of  Direction  of  the 
Society  considered  and  approved  the  proposed  Constitution  of  the 
Philadelphia  As.sociation  of  Members  of  the  American  Society  of 
Civil  Engineers. 

Portland,  Ore.,  Association 

On  Junt^  Lsth.  191-'<,  the  Portland.  Ore  Association  of  Members  of 
the  American  Society  of  Civil  Engineers  was  organized  with  the  fol- 
lowing officers:   E.   G.  Hopson,  President;  W.   S.   Turner.   First   Vice- 
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President;  D.  D.  Clarke,  Second  Vice-President;  Gr.  B.  Hegardt,  Treas- 
urer; and  Charles  J.  McGonigle,  Secretary. 

Seattle  Association 

On  June  30th,  1913,  the  Seattle  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized  with  the  following 
oiBcers:  Samuel  H.  Hedges,  President;  Ernest  B.  Hussey,  Vice- 
President;  and  Joseph  Jacobs,   Secretary-Treasurer. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City- 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architekten-Verein   zu   Berlin,  Wilhelmstrasse    92,   Berlin    W.    66, 

Germany. 
Associagao  dos  Engenheiros  CIvis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont   Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,   Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo, 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 

Canada. 
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Eng:ineers'  Society  of  Northeastern  Pennsylvania,  8U2  Board  of 
Trade  Building,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 
Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 
Pittsburijh,  Pa. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, H.,  EuLTland. 

institution  of  Engineers  of  tlie  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

institution  of  Naval  Arciiltects,  5  Adelphi  Terrace,  London,  W.  C, 
Enijland. 

Junior  Institution  of  Engineers,  ,39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instltuut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterrelchischer  ingenleur-  und  Archltekten-Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Archltekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenleros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  Emrlaud. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers,  1737  Mouadnock  Block,  Chicago,  111 
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ACCESSIONS  TO  THE  LIBRARY 

(From   September  ;3d  to  October  1st,  191;;) 

DONATIONS* 

CONSERVATION  OF  WATER. 

By  Walter  McCulloh,  M.  Am.  Soc.  C.  E.  Cloth.  10x7  in.,  illus.. 
10  +  99  pp.  New  Plaven,  Yale  University  Press;  J.ondon.  Humphrey 
Milford,  Oxford  University  Pres.s,  1913.     $2.00. 

In  a  secondary  title,  it  is  stated  that  this  book  consists  of  addresses  on  the 
subject  of  water  conservation  delivered  in  the  Chester  S.  Lyman  Lecture  Series, 
1912,  before  the  Senior  Class  of  the  Sheffield  Scientific  School  of  Yale  University, 
this  volume  constituting  the  first  of  that  series  of  lectures.  The  principal  problems 
discussed  by  the  author  in  these  lectures  are  stated  to  be  the  regulation  of  rivers, 
the  control  and  prevention  of  floods,  and  the  proper  authorities  for  effecting  such 
control  and  regulation.  In  the  course  of  the  discussion,  he  presents  the  questions 
involved  in  the  solution  of  these  problems,  the  proposed  methods  of  procedure  sug- 
gested by  the  study  of  the  subject,  the  benefits  to  be  derived  by  individuals,  munici- 
palities, etc.,  from  the  proper  regulation  of  streams,  and,  in  his  last  lecture,  he 
uses  what  has  been  done  with  the  water  resources  of  New  York  State  as  an  example 
of  what  can  or  might  be  done  to  accomplish  water  conservation.  The  Contents  are  : 
Introductory ;  Basic  Data  Essential  to  a  Comprehensive  Study  of  Water  Storage : 
Water  Power;  Water  Storage  for  Water  Supplies,  Sanitation,  and  Irrigation;  W.iter 
Resources  of  New  York  State. 

TEXT-BOOK  ON  HIGHWAY  ENGINEERING. 

By  Arthur  H.  Blanchard,  M.  Am.  Soc.  C.  E.,  and  Henry  B.  Drowne, 
Assoc.  M.  Am.  Soc.  C.  E.  Cloth,  9}  x  6]  in.,  illus.,  13  +  762  pp. 
New  York,  John  Wiley  &  Sons,  Inc.;  l>ondon.  Chapman  &  Hall,  Lim- 
ited, 1913.     $4.50.     (Donated  by  the  Authors  and  Publishers.) 

The  subject-matter  of  this  book,  it  is  stated,  is  based  largely  on  lectures 
prepared  by  the  authors  for  their  various  classes  and  on  their  practice,  as  highway 
engineers,  in  the  United  States,  Canada,  and  Europe.  All  phases  of  modern  highway 
engineering  are  said  to  have  been  treated,  and  there  are  chapters  on  such  subjects 
as  Preliminary  Investigations,  Surveying  and  Mapping,  Economics,  Administration, 
and  Legislation,  which  are  thought  to  be  somewhat  of  an  innovation  in  books  on 
this  subject.  Bituminous  materials  and  their  use  in  the  construction  and  main- 
tenance of  roads  and  pavements  are  discussed  in  detail,  and  numerous  references 
are  made  in  the  text  to  the  writings  of  eminent  engineers  and  chemists  on  the 
subject.  Standard  specifications  and  reports  of  various  National  Societies  have 
also  been  quoted,  in  order,  the  preface  states,  that  practice  throughout  the  United 
States  rather  than  that  of  an  individual  or  a  given  locality,  may  be  represented 
The  book  has  been  written,  it  is  stated,  primarily  from  the  standpoint  of  the 
instructor  and  student,  with  a  logical  order  and  arrangement  of  the  subject-matter 
and  suflicient  detail  to  acquaint  the  student  with  the  principles  and  practice  of 
modern  highway  engineering ;  its  scope,  however,  is  stated  to  be  sufficiently  broad, 
in  reference  to  materials,  construction,  maintenance,  specifications,  <ind  cost  data  to 
serve  as  a  comprehensive  reference  book  on  highway  engineering  for  the  prac- 
ticing engineer.  The  Contents  are :  Historical  Review ;  Preliminary  Investigations : 
Surveying  and  Mapping;  Design;  Drainage;  Foundations;  Earth  and  Sand-Clay 
Roads  ;  Gravel  Roads  ;  Broken  Stone  Roads  ;  Bituminous  Materials  ;  Dust  Prevention 
by  the  Use  of  Palliatives  ;  Bituminous  Surfaces  ;  Bituminous  Gravel  and  Bituminous 
Macadam  Pavements ;  Bituminous  Concrete  Pavements ;  Sheet  Asphalt  and  Rock 
Asphalt  Pavements ;  Wood  Block  Pavements ;  Stone  Block  Pavements ;  Brick  Pave- 
ments ;  Concrete  Pavements ;  Miscellaneous  Roads  and  Pavements ;  Street  Cleaning 
and  Snow  Removal  ;  Car  Tracks  ;  Pipe  Systems;  Comparison  of  Roads  and  Pavements: 
Sidewalks,  Curbs,  and  Gutters;  Bridges,  Culverts,  and  Guard  Rails;  Economics, 
Administration,    and   Legislation  ;    Index. 

AN  ELEMENTARY  TREATISE  ON  CALCULUS: 

A  Text  Book  for  Colleges  and  Technical  Schools.  By  William  S. 
Franklin,  Barry  MacNutt,  and  Rollin  L.  Charles.  Cloth,  8i  x  6  in., 
illus.,  9  +  2,53  4-  41  pp.  South  Bethlehem,  Pa.,  Published  by  the 
Authors,  1913.     $2.00. 

In  order  to  lead  to  a  clear  understanding  of  the  principles  of  calculus,  the 
authors'   chief  endeavor,   it  is  stated,  has  been  to  develop  the  subject  as  simply  and 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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fliifttly  as  possible,  to  which  end  thoy  have  Riven  a  number  of  formal  problems  In 
(lifferentialion  and  intesration.  The  authors  believe  that  it  is  a  mistake  in  a  text- 
book on  caUulus  to  break  the  thread  of  the  textual  discussion  by  insertins  algebraic 
problems,  and  therefore  have  included  their  formal  problems  in  Appendices  A  and  B, 
and,  in  Appendix  C,  they  have  given  a  selected  list  of  treatises  on  mathematics  and 
mathematical  physics,  references  to  many  of  whi<-h  are  made  in  the  text.  The  fact 
that  the  infinitesimal  method  tends  greatly  to  directness  and  simplicity  in  the  dis- 
cussion of  physical  problems,  has  led  the  authors,  it  is  stated,  to  use  the  idea  of 
infinitesimals  throughout  their  text.  The  Chapter  headings  are:  A  General  Survey 
of  r)ifferential  and  Integral  Calculus;  Formulas  for  Differentiation  and  Integration; 
Integration  ;  Partial  Differentiation  and  Integration  ;  Miscellaneous  Applications  of 
Calculus  ;  Expansions  in  Series  ;  Some  Ordinary  Differential  Equations  ;  The  Partial 
Differential  Equation  of  Wave  Motion  ;  Vector  Analysis ;  Appendix  A,  Problems ; 
.Appendix  B,  Table  of  Integrals  ;  Appendix  C,  Some  Important  Books  on  Mathe- 
matical Theory  ;    Index. 

LABORATORY  MANUAL  OF  TESTING  MATERIALS. 

Uy  William  Kendrick  Hatt,  M.  Am.  Soc.  C.  E..  and  H.  H.  Scofield. 
( 'loth.  7^  X  5\,  illus..  9  +  135  pp.  New  York  and  London,  McGraw- 
II ill  Book  Company,  Inc.,  1913.     $1.25. 

This  manual,  it  is  stated,  is  the  outcome  of  eighteen  years'  experience  in  the 
Laboratory  for  Testing  Materials  at  Purdue  University.  As  now  issued  it  has  been 
lonsiderably  enlarged,  the  list  of  experiments  has  been  increased,  and  a  more  com- 
plete treatment  of  machines  and  apparatus  has  been  added.  The  subject-matter 
relates  to  definitions,  methods,  apparatus,  experiments,  etc.,  which  may  be  used 
in  any  testing  laboratory,  and  it  is  hoped,  the  preface  states,  that  practitioners,  as 
well  as  students,  will  find  the  volume  useful  in  relation  to  their  worli  in  engineering 
design  and  inspection  of  materials.  One  of  the  purposes  of  the  manual,  as  stated. 
i-i  to  relieve  the  instructor  of  the  necessity  of  explaining  the  details  of  mechanical 
procedure.  The  Chapter  headings  are:  General;  General  Instructions;  Definitions; 
Materials  Stressed  Beyond  the  Elastic  Limit;  Testing  and  Testing  Machines;  List 
nf  Experiments;  Instructions  for  Performing  Experiments;  Appendix  I,  Common 
Pormulas ;  Appendix  II,  Strength  Specifications  for  Steel  and  Iron;  Appendix  III, 
Standard    Forms    of   Test    Pieces ;    Strength   Tables ;    Index. 

THE  CONTROL  OF  WATER 

As  Applied  to  Iirii^ation.  Power  and  Town  Water  .'Supply  Purposes. 
l}y  Philip  A.  Morlcy  Parker,  Assoc.  M.  Am.  8oc.  C.  E.  Cloth,  !»  x  0 
in.,  illus.,  1055  pp.  London,  Gcorpe  Routledge  &  Sons.  Limited,  1913. 
'Donated  by  the  Author.) 

The  subject-matter  contained   in  this   book,    it   is   stated,    is   the  result  of   actual 

•  iigineering  experience,   being  based  for  the  most   part  on   notes  and   formulas   gath- 

•  red  by  the  author  during  eighteen  years  or  more  of  professional  practice,  and  he. 
Therefore,  hopes  that  it  will  be  used  as  a  manual  by  engineers  in  actual  work. 
\s  stated  in  the  title  the  work  relates  to  a  study  of  hydraulii's  as  applied  to 
irrigation   and  water  supply,   and  includes  detailed  discussion  of  both  the  theoretical 

I'd  practii  al  sides  of  the  subject.  Numerous  formulas,  tables,  and  illustrations  are 
iiiluded.  and.  wherever  possible,  references  to  original  authorities  are  given.  The 
'  iintents  are:  Preliminary  Data;  General  Theory  of  Hydraulics;  Gauging  of 
.--t  reams  and  Rivers;  Gauging  by  Weirs;  Discharge  of  Orifices;  Collection  of  Water 
and  Flood  Discharge;  Dams  and  Reservoirs;  Pipes;  Open  Channels;  Filtration 
and  Purification  of  Water;  Problems  Connected  with  Town  Water  Supply;  Irriga- 
tion; Movable  Dams;  Hydraulic  Machinery  Other  Than  Turbines;  Turbines  and 
t'mtrifugal  Pumps:  Concrete,  Ironwork,  and  Allied  Hydraulic  Construction;  Tables; 
lir.nphir    Diagrams;    Ind<'X. 

SAFETY  FIRST. 

By  Ge()rg:e  Bradshaw.  Paper,  7^  x  5  in.,  illus.,  130  pp.  New 
York  and  London.  McCraw-IIill  Book  Company,  Inc.,  1913.     50  cents. 

In  the  Introduction,  it  is  stated  that  the  officials  and  employes  of  railroads  and 
industrial  corporations  are  engaged  in  a  campaign  for  greater  safety  in  operation 
and  for  the  prevention  of  injuries.  The  autlior's  aim  in  this  work  has  been  to 
contribute  to  the  advancement  of  this  campaign  by  calling  the  attention  of  the 
employes  of  these  corporations  to  views  of  safe  and  unsafe  practices  and  conditions 
which  occur  in  the  course  of  their  routine  duties,  with  proper  comments  thereon, 
in  the  hope  that  they  will  study  them  carefully  and  learn  to  apply  them  in  their 
work. 
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A  TREATISE  ON  ROADS  AND  PAVEMENTS. 

By  Ira  Osborn  Baker,  M.  Am.  Soc.  C.  E.  Second  Edition,  Enlarged. 
Cloth,  91  X  6  in.,  illus.,  11  +  698  pp.  New  York,  John  Wiley  &  Sons, 
Inc.,  London,  Chapman  &  Hall,  Limited,  1913.    $5.00. 

The  purpose  of  this  new  edition,  it  is  stated,  is  to  add  to  the  book,  a  chapter  on 
Automobile  Roads  and  Concrete  Pavements,  which  has  been  made  necessary  by  the 
number  and  power  of  modern  automobiles,  and  the  consequent  development  of  new 
forms  of  road  surfaces  designed  to  resist  motor  traffic.  The  continued  development 
of  the  Portland  cement  industry  has  led  to  the  introduction  of  a  new  type  of 
concrete  road  surface  which  is  also  discussed  in  this  chapter.  In  the  preface  to  the 
first  edition,  issued  in  1903,  it  is  stated  that  the  author's  object  is  a  discussion,  from 
the  engineer's  viewpoint,  of  the  principles  involved  in  the  construction  of  country 
roads  and  city  pavements,  as  the  science  of  road-making  and  maintenance  is 
based  on  well-established  elementary  principles,  on  the  correct  reasoning  of  which, 
rather  than  on  rules  and  methods  of  construction,  such  art  depends.  The  first  four 
chapters  of  the  book  relate  to  the  economics  and  location  of  country  roads  and  to 
the  construction  and  location  of  earth  roads.  The  other  chapters  relate  to  the  con- 
struction and  maintenance  of  hard  roads  and  pavements,  and  are  based  on  American 
principles  of  road-making  as  being  best  suited  to  American  conditions.  The  Contents 
are :  Part  I,  Country  Roads :  Road  Economics ;  Road  Location  ;  Earth  Roads ; 
Gravel  Roads ;  Broken-Stone  Roads ;  Miscellaneous  Roads ;  Equestrian  Roads  and 
Horse-Race  Tracks.  Part  II,  Street  Pavements  :  Pavement  Economics  ;  Street  De- 
sign ;  Street  Drainage ;  Curbs  and  Gutters  ;  P.avement  Foundations ;  Asphalt  Pave- 
ments ;  Brick  Pavements ;  Cobble-Stone  Pavement ;  Stone-Block  Pavement ;  Wood- 
Block  Pavements;  Comparison  of  Pavements;  Sidewalks;  Bicycle  Paths  and  Race 
Tracks ;   Automobile  Roads  and   Concrete  Pavements  ;    Index. 

HYDRAULIC  TURBINES 

With  a  Chapter  on  Centrifugal  Pumps.  By  R.  L.  Daugherty. 
Cloth,  9A  X  6i  in.,  illus.,  9  +  156  pp.  New  York  and  London,  McGraw- 
Hill  Book  Company,  Inc.,  1913.     $2.00. 

The  preface  states  that  the  design  of  hydraulic  turbines  is  a  highly  specialized 
industry,  few  engineers  being  called  on  at  present  to  design  such  machines.  With 
the  increasing  use  of  water  power,  however,  many  engineers  and  designers,  it  is 
stated,  will  find  it  necessary  to  familiarize  ttiemselves  with  the  construction  details 
of  turbines,  their  characteristics,  and  the  type  and  size  of  machine  for  any  given 
set  of  conditions,  and  the  author  hopes  that  to  such  men,  a  clear  understanding 
of  the  theory,  as  here  presented,  will  be  of  interest.  The  purpose  of  the  book,  it 
is  stated,  is  to  give  the  student  and  the  engineer  a  general  idea  of  water-power 
development  and  the  conditions  affecting  turbine  operation;  a  knowledge  of  the 
principal  features  of  modern  turbine  construction  ;  an  outline  of  the  theory  and 
characteristics  of  the  principal  types,  commercial  constants,  selection  of  type  and 
size  of  turbine,  costs,  water  power,  and  the  cost  of  the  latter  as  compared  with 
steam  power.  Water-power  development  is  treated  only  as  it  relates  to  the  choice 
of  turbines,  such  related  subjects  as  stream  gauging  and  rating,  lainfall,  run-off, 
etc.,  being  treated  briefly.  The  Chapter  headings  are:  Introduction;  Types  of 
Turbines  and  Settings  ;  Water  Power  ;  The  Tangential  Water  Wheel  ;  The  Reaction 
Turbine ;  General  Theory ;  Theory  of  the  Tangential  Water  Wheel  ;  Theory  of  the 
Reaction  Turbine ;  Turbine  Testing ;  General  Laws  and  Constants ;  Selection  of  a 
Turbine;  Selection  of  Type  of  Turbine;  Cost  of  Turbines  and  Water  Power;  Centri- 
fugal Pumps ;    Index. 

Gifts  have  also  been  received  from  the  following: 
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Am.   Soc.  of  Mech.  Engrs.    1  bound  vol.  vol. 
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ways  and  Impvts.    1  pam.  Canadian  Engineer,   1   pam. 
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Belzner,  Theodore.    2  pam.  1  pam. 
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Colorado-neputy   Labor   Commr.     1   bound 

vol. 
Colorado-State   Board   of   Equalization.    1 

bound  vol. 
romnionwealth  Club  of  California.    7  vol. 
I'anxiK    Kpl.     Technische    Hochschule.      1 

vol. 
Donvor  .*;•    Rio   Grande   R.   R.   Co.     1   pam. 
IioolinK.   Ppter  J.    2  pam. 
Easton.   Pa.-Pppt.  of  Police.    1  pam. 
Kdnionton,  Alberta,   Canada-City  Clerk.    1 

vol. 
Kdwards.   James  H.    1   pam. 
Kngrs.   Club  of  Philadelphia.    1   pam. 
Fi.^her.   E.   A.     1   bound  vol. 
Georpia-R.  R.  Comm.    1  vol. 
Idaho-State  Board  of  Health.    1   pam. 
Idaho-State  Dairy  Food  and  San.  Insp.    2 

pam. 
Illinois-State     Board    of    Equalization.     1 

bound  vol. 
Illinois-State   Geol.    Survey.     1   bound   vol. 
Illinois-Sery.   of  State.     2  vol. 
Illinois  Central  R.  R.  Co.    1  pam. 
Illinois     Central     R.     R.     Co. -Educational 

Bureau.    5   pam. 
Illinois,    Univ.    of.     1    vol. 
Indiana-Bureau    of    Statistics.      1     bound 

vol. 
Inter.   Ry.  Fuel  Assoc.    1  vol. 
Iowa-Board  of  R.  R.  Commrs.    1  pam. 
Iowa-Executive   Council.    1  pam. 
Jacksonville,     Fla. -Trustees     for     Water- 
Works    and    Impvt.    Bonds.     1    bound 

vol. 
Kansas   City  Testing  Laboratory.     1   pam. 
Kershaw,    G.   B.    1   vol. 
Lewis,  Nelson  P.    1  bound  vol. 
London,        England-Metropolitan       Water 

Board.     1   pam. 
Louisiana-State  Board  of  Equalization.    1 

pam. 
Ludin,   Adolf.    1   pam. 
McKellar,   JC-   P-    1  Pam. 
Maine-State  Board  of  Assessors.    1  bound 

vol..   1   pam. 
Maine-State     Water     Storage     Comm.       1 

bound    vol. 
Maine   Central   R.   R.   Co.    1   pam. 
Manchester,  England-Rivers  Dept.    1  pam. 
Massachusetts-Board     of     Gas     and     Elec. 

Light  Commrs.    1  vol. 
Massachusetts-Highway    Comm.     1    bound 

vol.,  1  pam. 
Mead,  Charles  A.    1  bound  vol. 
Mellon    Inst,    of    Industrial    Research    and 

School  of  Specific  Industries.    2  pam. 
Melrose,     Mass. -Public     Works     Dept.       1 

pam. 
Merchants'    Assoc,   of   New   York.     2   pam. 
Michigan-Board  of  State  Tax  Commrs.    4 

bound   vol. 
Michigan  United  Traction  Co.    1   pam. 
Minneapolis,   St.   Paul  &   Sault   Ste.   Marie 

Ry.  Co.    1   pam. 
Minnesota-R.  R.  and  Warehouse  Comm.    1 

bound  vol. 
Mississippi    River   Power   Co.     1    pam. 
Missouri-Bureau    of    Geology    and    Mines. 

1  pam. 

Montana-Dept.   of  Weights  and    Measures. 

2  pam. 

Montana-State  Engr.    1   bound  vol.,   1    vol. 
Montana-State   Insp.   of  Mines.     1   pam. 
National   Fire   Protection  Assoc.     3   pam. 
Nebraska-State   Engr.     1  bound  vol. 


Nebraska,    Univ.    of.     1    vol. 

New    Hampshire-State   Library.     4    bound 

vol. 
New     Jersey-Board     of     Public     Utilities 

Commrs.    1  bound  vol.,   1   vol. 
New  Jersey-Bureau  of  Statistics  of  Labor 

and   Industries.    1  bound  vol. 
New  Jersey-Civ.   Service  Comm.     1   bound 

vol. 
New    Mexico-State    Corporation    Comm.     1 

vol. 
New    Orleans,    La. -Board    of    Commrs.    of 

the  Port  of  New  Orleans.    2  pam. 
New    South    Wales-Chf.    Commr.    of   Govt. 

Rys.     and    Tramways.      1    pam. 
New    York    State-Public    Service    Comm., 

First    Dist.     1    bound    vol. 
New    York    State-Public    Service    Comm.. 

Second  Dist.    2  bound  vol. 
New    York-State    Civ.    Service    Comm.     2 

bound  vol. 
.Vru-    York   City    Record.      2  bound   vol. 
New  York,   Ontario  &  Western  Ry.  Co.    1 

pam. 
Newton,    Mass. -City    Engr.     1    pam. 
Norfolk  &  Western   Ry.  Co.    1   pam. 
North    Carolina-Geol.    and   Economic   Sur- 
vey.    5   pam. 
Nova   Scotia-Commr.   of  Mines.    7  vol. 
Ohio-Bureau  of  Vital   Statistics.     3  bound 

vol. 
Ohio-Public  Utilities  Comm.    2  bound  vol. 
Ohio-State  Highway  Dept.    1   pam. 
Ohio  State  Univ.    1  vol. 
Ontario,  Canada-Bureau  of  Mines.    1  vol., 

4   maps, 
Ontario.  Canada-Hydro-Elec.  Power  Comm. 

3   vol. 
Ontario,  Canada-Ry.  and  Municipal  Board. 

1   vol. 
Oregon-Port   of   Portland   Comm.     2   pam. 
Pennsylvania  Co.    1  pam. 
Philippine  Islands-Executive  Secy.    1  pam. 
Pillsbury,  Charles  L.    1  pam. 
Pittsburgh,  Pa. -Bureau  of  Water.    1  pam. 
Polytechnic    Inst,    of    Brooklyn.     1    bound 

vol. 
Princeton   Eng.   Assoc.     1   pam. 
Princeton  Univ.    5  bound  vol.,   1  vol. 
Quebec,      Canada-Dept.      of     Colonization, 

Mines  and  Fisheries.    1  vol. 
Ritter.   Hugo.     1   pam. 
St.   Louis.   Mo. -Water  Commr.    1  pam. 
Saville,   C.   M.    1  vol. 
Seattle  Public  Library.    1  pam. 
Smithsonian   Institution.    6  pam. 
Societe    Suisse    des    Ing^nieurs    et    Archi- 

tectes.    1   pam. 
Soc.  for  the  Promotion  of  Eng.  Education. 

1    bound    vol. 
South  African  Institution  of  Engrs.    2  vol. 
Stearns,   Frederic  P.    1   pam. 
Svenska  Teknologforeningen.     1   pam. 
Swarthmore   Coll.     5   vol. 
Tennessee-Geol.   Survey.     1   bound  vol. 
Thrupp,   Edgar  Charles.    1   pam. 
TImonoff,    V.    E.     1    vol. 
Union  of  South  .Africa-Mines  Dept.    1   vol. 
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Air-Conditioning,  In'iiiL;  a  Short  Treatise  on  the  Ilumiditicatioii . 
Ventilation,  Coolino-,  and  the  HvLfiene  of  Textile  Factories.  Especially 
with  Relation  to  Those  in  the  U.  8.  A.  By  G.  B.  Wilson.  John  Wiley 
&  Sons,  New  York  ;  Chapman  &  Hall,  Ltd.,  London.  1908. 

The  Theory  of  Sound.  By  John  William  Strutt.  Baron  IJayleiiih. 
2  Vol.  Second  Edition,  llevised  and  Enlarired.  Macmillan  and  f"o.. 
London  and  New  York.  lS!t4. 

The  Scientific  American  Cyclopedia  of  Formulas,  Partly  Based 
Upon  the  Twenty-eiiihth  Edition  of  Scientitic  American  Cyclopedia  of 
Receipts,  ]S"otes  and  Queries.  Edited  by  All)ert  A.  Hopkins.  Munn  ».^ 
Co.,  Inc.,  New  York,  1913.  "  ','!•:•'/;'■. 

Scientific  American  Reference  Book,  Edition  of  1913.  C'ompiled 
and  Edited  by  Albert  A.  Ilojikins  and  A.  Ihissell  Bond.  Munn  i.t  Co.. 
Inc..  New  York,  191'!. 

Coast    Erosion    and    Protection.     By    Ernest  R.  Matthews.     .1.    H. 

Lippincott  Co.,  Philadelphia  :  C'harles  Griffin  &  Co..  Ltd..  London.  191o. 

The  Calorific  Power  of  Fuels,  With  a  Collection  of  Auxiliary  Tables 
and  Tables  Showing;  the  Heat  of  Combustion  of  Fuels.  Solid.  liiquid. 
and  Gaseous;  to  AVhich  is  Appended  the  Report  of  the  Committee 
on  Boiler  Tests  of  the  American  Society  of  Mechanical  Eup:ineers 
(December,  1899).  By  Herman  Poole.  Second  Edition.  Revised  and 
Enlarfjed.  John  Wilev  &  Sons,  New  York  :  Chapman  it  Hall,  Ltd.. 
London,   1910. 

Investigations  and  Experimental  Researches  for  the  Construction 
of  My  Large-Oil-Engine:  Paper  read  before  the  Schiflfbautechnische 
Gesellschaft  at  Berlin,  November  24th.  1911.  By  II.  Junkers. 
Verlag  fur  Fachliteratur  (L  m.  1).  H.,  London,  Berlin,  Wien. 

Reinforced  Concrete  Bridges.  By  Frederick  Rin^rs.  I).  Van 
Xostrand  Co..  New  York,   191:^,. 

Public  Utilities,  Their  Cost  New  and  Depreciation.  \l\  Iliunnioiid 
V.  Hayes.      I).  Van  Nostrand  Co.,  New  York,  19l;j. 

Natural  Rock  Asphalts  and  Bitumens:  Their  Geolo^i^y,  History. 
Properties  and  Industrial  Application.  By  Arthur  Dauby.  I).  Van 
Nostrand  ('o..  New  York,  1913. 

Factory  Lighting.  By  Clarence  E.  Clewell.  McGraw-Hill  Book  Co.. 
New  York  and  London,  191.'5. 

Engineering  Thermodynamics.  By  Charles  Edward  Lucke.  McGraw- 
Hill  Book  Co.,  New  York  and  London.  1912. 
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Oeneral  Metallurgy.  I>y  11.  ().  Hofiiian.  M((;r:i\\ -Hill  Hook  Co., 
Nrw  York  and  London,  lltl."!. 

Die  Kanalisation  der  Frelen  und  Hansestadt  Hamburg.  IJearbeitct 
im  Auftrairi' (liT  IJaiidcputation  voii  Curt  Merckcl.  IJoyseii  &  Maasch. 
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unter  Tage.     \'on  (icor^  (Mockcnicicr.     Julius  Spring*'!",  IJeiHn,  191:5. 

American  Society  for  Testing  Materials  :  Index  to  Proceedings.  Vol. 
1-12  (i8g8-iQi2.)  Kditfd  bv  the  Secrctarx .  I'ublished  by  the  Society. 
I'hiladelpliia.  llti:{. 

Elements  of  Water  Bacteriology  with  Special  Reference  to  Sanitary 
Water  Analysis.  Hy  Sanuul  Cate  Prescott  and  Charles  Edward  Amory 
Winslow.  Third  Edition,  Rewritten.  John  Wiley  &  Sons,  Inc.,  New 
York  :  Chapman  iS:  Hall.  Limited,  London.  11>1."). 
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ADDITIONS 

(From  September  5th  to  October  2d,  1913) 

MEMBERS  Date  of 

Membership. 

Black,    Edward    Fryling.     Engr.,    Sanderson    \  Jun.  Oct.      31,   1905 

&   Porter,    52    William    St.,    New    York   l  Assoc.  M.     Nov.       4,   190d 
City ^  M.  Sept.      3.   1913 

Brodie,     Orrin    Lawrence.     Asst.     Designing  ) 

Engr.,     Board    of    Water    Supply,     165   [  ''^'"^^-  ^-     '^"^^     ^^'   ^^^^ 
Broadway,    New   York    City \  ^-  ^^P^"      ^'   ^^^^ 

Brown,  John  Griffiths.  Designing  and 
Const.  Engr.,  Witherspoon  Bldg.,  Phila- 
delphia,   Pa 

Bruce,  John  Augustus.  Cons.  Engr.  (Bruce 
&  Standeven),  5113  Burt  St.,  Omaha, 
Nebr 

Collins,  Charles  Edwin.  Cons.  Civ.  and 
Hydr.  Engr.,  511  Drexel  Bldg..  Phila- 
delphia,   Pa 

Crumpton,  Arthur.     Asst.  Engr.,  G.  T.  Ey.  System.   Port 

Hope,   Ont.,   Canada Sept.      3,   1913 

Eastwood,  John  Samuel.     Cons.  Hydr.  Engr.,  1131  Hearst 

Bldg.,    San    Francisco,    Cal Sept.      3,   1913 

Fairbairn,  John  Morrice  Roger.     Asst.  Chf.  Engr.,  C.  P. 

Ry.,    Montreal,    Que.,    Canada Sept.      3,  1913 

Goldsmith,    Clarence.     Asst.    Engr.,    Public    ) 

Works  Dept.,  Citv  of  Boston,  1  City  Sq.,    I  ^^°^-  ^^-     ^^^^^       ^'   ^^^^ 

Boston,    Mass..; ...    \  ^-  ^ept.      3,1913 

1   Jun.  Oct.        3,  1905 

HAVENS,   Verne  LeRoy.    220   West   57th    St.,    /  ^^^^^    ^      ^p^.,     ^^  ^g^g 

New    York    City (  j^  g^p^       3^  ^9^3 

Herington,    George    B.     Div.    Engr.,    Morgan's    Louisiana 

&  Texas  JR.  R.  &  Steamship  Co.,  La  Fayette,  La April     2,   1913 

Hoad,    William     Christian.     Prof,    of    San.  "^ 

T-i  TT   •         J    TVT-  1  •  A  A   u        I    Assoc.  M.     Dcc.       5,   1906 

Eng.,    Univ.    of    Michigan,    Ann    Arbor,    v 

Mich ..: i^-        s^p^-  =^'191^ 

JuDELL,     Adolph.     Pres.,     Board     of     Public   |    Assoc.  M.  April  4,   1906 

Works,  City  Hall,  San  Francisco,  Cal .  .    ^'  M.  Sept.  3,   1913 

King,  Horace   Williams.     Prof,  of  Hydr.  Eng..  Univ.  of 

Michigan.  1207  Oakland  Ave.,  Ann  Arbor.  Mich Sept.  3.   1913 

Lance,  John  Hancock.     Cons.  Engr.,  30  North   Franklin 

St..    Wilkes-Barre.    Pa Sept.  3,   1913 

Leeds,    Charles    Tileston.     Capt.,    Corps    of  "^  Jun.  Jan.  3,  1907 

Engrs.,  U.  S.  A.,  514  Central  Bldg.,  Los   C  Assoc.  M.  April  4,   1911 

Angeles,    Cal )  M.  Sept.  3,   1913 
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Lkkkk,     Fkedkuick     Ewbank.     U.     S.     Junior  )    Assoc.  M.  May       G,  1008 

EnfTi-..  U.  S.  En^M-.  Dept..   FlortMico,  Ore.   [  M.  Sept.      .3,    191.3 

Lester,  William  Junius.     Hotel  Bristol.  New  York  City.  .  Sept.      3,  1913 

McCoNNELL,  Ira  Welch.     Hydr.  Engr.,  Stone   )                  ,  ^           ..    ,,^«. 

«L  TIT  u  4.      t:i        rt            i-         i«-  ^f,i     f   Assoc.  M.  Dec.       /.  1904 

&  Webster  Eng.  Corporation,   14/    Milk   v  ^,  „     ,       „    ,„,„ 

«♦       «    +         iTf                                              Cm.  Sept.     3,  1913 

St.,     Boston,    Mass J  ^ 

Mansfield,  Walter  Huntley.     Asst.  Engr.,  The  Delaware 

&  Hudson  Co.,  1821  Seventh  Ave..  Troy.  N.  Y Sept.      3.   1913 

Martin,  John.     Efficiencv  Engr.,  State  llitrli-  )  ,     ,„,^ 

^              .„      •          +       cf       vn                Assoc.  M.  Mav     31.   1910 

way   Conim.,    53    Lancaster    St..    All^anv.  v  «,„ 

^     Y            '                                                  "Cm.  April     2,   1913 

Noble,   Harry   Alonzo.     Chf.   Asst.    to   J.   H.   Dockweiler, 

2614   Etna   St.,   Berkeley,    Cal Sept.      3.   1913 

Post.    Chester    Leroy.     Mgr..    Condron    Co..  )   Assoc.  M.  July       1.  1908 

1215  Monadnock  Bldg.,  Chicago,  111 ...  .    f  M.  Sept.      3,   1913 

Pii.vTT,  Artiii^r  Hexry.     Asst.  Engr.,  Board  of  ) 

,„   ,        o        1       /-<-A        t   -KT        \7     1      o<   f   Assoc.  M.  Julv       1.   1908 

Water    Supplv,   Citv    of   New    York.    24  I     ^  ^    -             ,    ,„ 

o           •..    *       \x-i  •/   o.    •        XT    V                Cm.  June      4.   1913 
Summit  Ave.,  White  Plains,  N.  Y.  .  .          ) 

Raschig,  Frank  Louis.  Asst.  Engr.,  Dept.  of  Public  Ser- 
vice,  223    Irwin   PI.,    Cincinnati,    Ohio Sept.      3,   1913 

KiEDEL,  John  Charles.     Asst.   Engr.,   Bureau  ) 

,    c.               T>           1       £    T>       1  1          -nc   f    Assoc.  M.  Oct.        4.   1905 
of    Sewers,    Borough    of    Brooklvn.    .i05  I 

Macon    St.,    Brooklyn,    N.    Y..." \   ^'-  ^ept.      .3.   1913 

RoCKWOOD.  Edward   Farnum.     Instr.  in   Rein-  ) 

forced   Concrete,   Mass.   Inst.   Tech..   201    [  ^^^««-  ^-  O^^"        ^'  1^09 

Devonshire  St..  Boston,  Mass )  "^  ^^P*-      ^-   ^^^^ 

RoYALL,  Edward  Manly^  Jr.  Supt.  of  Constr.  and  Oper- 
ation, Oakdene  Compress  &  Warehouse  Co.,  Charles- 
ton,  S.   C Sept.      3.   1913 

)  Jun.  Dec.       3.   1891 

Sell,    William    Drumm.     Box    222,    Cliarlestnn-  f    ^j,  ^^,  ,      r>    iqqq 

Kanawha,    W.    Va (  ^^j '     '  ^J^^       ";  ^^^3 

Sullivan,    Vernon    Lyle.     Local    Engr.    and  ") 

T,f          T           ■   1     T     •        ri        -D :^+„     f    Assoc.  M.  June      0.   1911 

Mgr.,    Imperial    Irng.    Co.,    Buenavista,    v 

T^Q^                                                                        \  M.  Sept.      3.   1913 

Twining,  William  Stanton.     Cons.  Engr.,  Ford.  Bacon  & 

Davis,    115   Broadw'ay,   New   York    City Sept.      3.   1913 

■)    Assoc.  Nov.       7,  1906 

Waterbury,    Leslie    Abram.     Prof,     of    Civ.    f    ,^^^^^    ^  ^^^^^    3^    ^g^^ 

Eng..   Univ.  of  Arizona,  Tucson.   Ariz..    I    j^j  ^     ,       „    ,„,„ 

White,  Gilbert  Case.     Cons.  Civ.   and   ?lydr.   )    Assoc.  M.  April     5,  1905 

Engr..    Charlotte,    N.    C f  M.  Sept.      3.   1913 

WoBLEY,   John    Stephen.     Member.   Board    oi   )    ^ 

,r  1      X-        T-.             TT    o    T   i.       i   4.     /-I           (    Assoc.  M.  June      5.   1907 
Valuation  Engrs..  U.  S.  Interstate  Com-    V     , 

n               ^T'     I,-      .t         -n     n                  \    M.  Sept.      3.    1913 

merce  Comm.,  Washington.  D.   C i  ' 
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Alvey,    James    Perrie,    Jr.     Enf,n-..    Tlie    Arnold    Co.,    10.5 

La  Salle  St.,  Chicago.  Ill 

Cate,    Charles    Edward.     Care,    Ferrocarril    Sud-Pacifico 

de  Mexico,  Ferrocarril  de  Sonora,  Empalme,  Sonora, 

Mexico ■.  .  ,  .r.  . 

Chevalier,  Louis.     Engr.,  Stillman-Deleliaiit.v- 

Ferris   Co.,   26   Exchange   PI.    (Res.,   22 

Boyd  Ave.),  Jersey  City.  N.  J 

CuLLiNGS,    Edwin    Sanford.     Asst.    Civ.    Engi 

tion  Comm.,  State  of  New  York.  Albany,  N.  Y 
Dandois,   Charles   Stephen.     Salladasbnrg,   Pa 
DuGAN,  David  Hesba.     Asst.  Engr..  The  San.  Dist.  of  Chi- 
cago,   Chillicothe,     111 

Dykeman,      Conrad      FrAxVCIS.     Engr..      Underpinning      & 

Foundation  Co.,  657  Jefferson  Ave.,  Brooklyn,  N.  Y. 
Ellis,   Gwynne   Wallace.     Cons.   Engr.    (Ellis   &  Lusk). 

1413   Waldheim   Bldg..   Kansas  City,   Mo 

Emanuel,  Morris  Cable.     Res.  Engr.  and  Supt.  of  Constr., 

High    School,    Fort    Smith,    Ark 

Espy,  Thomas  Willard.     Asst.  Engr.,  Spring  Val.  Water 

Co..  .375  Sutter  St.,  San  Francisco,  Cal 

Fitting,  Harold  Hansen.     Office  Engr.,   Dur-   i 

yea,    Haehl    &   Oilman,    1318    Humboldt  J-  '^"^• 

Bank    Bldg.,    San    Francisco.    Cal )   ^^^^c.  M. 

Floyd.     Ozro     Nowlin.     With     Morgan     Eng.     Co..     City 

National  Bank  Bldg.,  Dayton.  Ohio 

Freeland,    Francis    Eugene.     Chf.    Draftsman,    Nashville 

Bridge  Co.,   65  Life   and   Casualty   Bldg.,  Nashville. 

Tenn 

Hewes,  Floyd  Sinnock.     Asst.  Engr.,  Constr.,  A..  T.  &  S. 

F.  Ry..  P.  0.  Box  66,  Winslow,  Ariz 

Hoffman,  Luther  Romberger.     Structural    Engr.,   Smith. 

Hinchnxan  &  Grylls.  700  Washington  Arcade.  Detroit, 

Mich 

Hurlbut,     William     Whitehead.     Chf.     Draftsman,     Los 

Angeles  Aqueduct,  636  South  Hill  St.,  Los  Angeles. 

Cal 

J    .hin. 
\    Assoc.  M. 
Klug,   Lebrecht  Julius.      Cons.    Engr.,    Room    40,    Mack 

Blk.,   Milwaukee,    Wis 

Knouse,  Homer  Virgil.     Civ.  Engr.,  Colorado- Yule  Marble 

Co.,  Crystal  River  &  San  Juan  R.  R..  and  Town  of 

Marble,    Marble,    Colo 

Lawrence,    Egbert    Vanhorn.     Asst.     Engr.,     Bureau     of 

Highways,  Bronx.  1718  Edison  Ave..  New  York  Citv. 


Date  of 
Membership. 


Sept.      3,   1913 


July       2.   1913 


Jun. 

May 

1.  1906 

Assoc.  M. 

May 

7,  1913 

Conserva- 

N.  Y 

Sept. 

3.  1913 

Dec. 

3.  1912 

Sept.  3.  1913 
Sept.  3,  1913 
Sept.      3.   1913 


Sept. 

3,  1913 

Sept. 

3.  1913 

May 

2,  1911 

Sept. 

3,  1913 

Kittredge,  Prank  Alvah.     Medford.  Ore 


Sept.  3.  1913 

Sept.  3.  1913 

Sept.  3.  1913 

Sept.  3,  1913 


Sept.  3.  1913 

Mar.  1,  1910 

Sept.  3.  1913 

Sept.  3.  1913 


May   7.  1913 
Sept.   3.  1913 
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l.IGHTNKK,       (JKOKGE       \V       CasS.       Asst.       EugT.,   1 

structural    Dept.,    U.    T.     lly.    System,       Jun.  Feb.  28,   1911 

Office    of    Chf.    Engr„     Montreal,    Que.,   (   Assoc.  M.  Sept.  3,   1913 

Canada I 

McCleax,    George   Thomas.     Junior    Enyr.,    U.    S.    Engr. 

Office,    Fort    Stevens,    Ore Sept.  3,   1913 

McDaniel.  George  Glexx.     Mills   Uldg.,   San  i    Jun.  Mar.  5,  1907 

Francisco,    Gal I    Assoc.  M.  April  2,  1913 

MfW'ETiiY,    LeRoy.     Bridge     Insp.    and    Asst.  ") 

Engr..    N.    W.   Pac.    R.    R..    912    Phelan  '   '^""-  '^^"-  '*'   ^^^^ 


lildg..    San    Francisco,    Cal )    ^^-^-  ^-     ^ept.      3,   1913 

Maktin,  Evan  Search.  Res.  Engr.  in  Chg.  of  New  York 
Office  of  C.  A.  P.  Turner,  30  Church  St..  New  York 
City Sept.      3,  1913 

Mtller,  Hugh.     Prof,  of  Civ,  Eng.,  Clarkson   i 

..  ,      ,       .    -p     ,       ,  n  V  if   J""-  Nov.     30.   1909 

School    of    Technologv;    Cons.    hngr..     1    v. 

r^,      X      ,     o.^      T>  t    i'         XT     \-      "  I   Assoc.  M.     June      4.   1913 

Chestnut    St.,    Potsdam,    N.    \ i 

Mix.   Edgar  Henry.     Asst.   Engr.  with   J.  H.  Dockweiler, 

Cons.  Engr.,  418  Grant  Bldg.,  San  Francisco,  Cal...      April     2.   1913 

Moore.  ChariJ':s  Rea.     Res.  Engr..  Ore. -Wash.  R.  R.  &  Nav. 

Co..    Perry.    Wash Sept.      3.   1913 

Morrow.  Ben  Stogden.  Asst.  Engr..  Water  Dept.,  Port- 
land,   Ore May       7.   1913 

MiRRAY,  Everett  Bodman.     Cons.  Engr.,  Missouri  Savings 

Bank   Bldg.,   Kansas   City,   Mo April     2,   1913 

Nichols.  John   Robert.     Instr.  in  Civ.  Eng.,  )    ^  ^  ,     ,„„„ 

Harvard   Lniv..  82  Avon  Hill  St.,  Cam-   I     .  .,       „     ,        „     ,„,„ 

,    .,         ,,  (    Assoc.  M.     Sept.      3,   1913 

liridge.    Mass ) 

I'ooHE.  IlEiUiERT  Carleton.   Bitimiiuous  Constr.  i  ,                      ^  „,,„,, 

„      T  .,            c.       ,,          „     .  I  'Ti'"-               Jan.  31.   1911 

Engr..    94    Lim-rtv    St..    East    Braintree.  v  ,  ,.       c     .  .V    ,«,« 

^                          •  f  Assoc.  M.     Sept.  3,   1913 

Mass I 

Powell,  William  Jenner.     Office  Engr.,  City  ]    Jun.  .Jan.  2,  1906 

Engr.'s   Office.   Dallas.   Tex f   A.ssoc.   M.  Sept.  3.  1913 

Reeve.    Leiujy    Norman.     Asst.    Engr.,    U.    S.    Reclamation 

Service.    Arrowrock.    Idaho Sept.  3,  1913 

Kith.   Edgar   Kingsbury.     Asst.   Engr.,    Eng.  ^    ^  ,,  „  ,«,, 

Dept..    Citv   of   Cincinnati.    1.521    Locust   V     .  ,,       ,   ,  ^     ,„,„ 

„/^.      .•      ,.     „,  .  r   Assoc.  M.     July       2.1913 

St..    Cincinnati.    Ohio ) 

SciiLAFLY,  Roy  Karl.     Asst.  Prof,  of  Civ.  Eng.,  Ohio  State 

Univ.,    Columbus.    Ohio Sept.      3,  1913 

Shankland,   Ralph   Graham.     Supt.   of  Con-  ,    _ 

,      „       ^        -c-     r,     .     1^    \i     cu      1      r    Jun-  Nov.       8.   1909 

Crete    Constr..    E.    C.    &    R.    M.    Shank- 


1       J     HOP   1-1       r>      1  ri  •  th  \    -^SSO<?-    M.  Sept.       3,    1913 

land.   1106  Tlie  Rookery,  fnicago.   Til...    )  ' 

Tkost,   Adolphus  Gustavus.     Engr.   and   Archt.    (Trost  & 

Trost).    P.    O.    Box    271.    Kl    I'a^o.    Tc\- Sept.      3,   1913 
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Walker,  Isaac  Stanley.     Asst.  Engr.,  Hering  &  Gregory, 

1547   East   14th   St.,   Brooklyn,   N.   Y Sept.      3,  1913 

Walker,  William  Kemp.     Div.   Engr.,  Wichita  Div.,  Mo. 

Pac.    Ry.,    Wichita,    Kans Sept.      3,   1913 

Washburn,  Frank  Edwin.     Civ.  Engr.,  Mo.  Val.  Bridge  & 

Iron    Co.,    Leavenworth,    Kans Sept.      3,  1913 

Watson,    David    Loyall    Farragut.     Engr.    in    Chg.    of 

Constr.,  Marsh  &  Strong  Office  Bldg.,  1083  West  35th 

St.,    Los    Angeles,    Cal Sept.      3,   1913 

Whitney,  Herbert  Angell.     Hydr.  Engr.,  Dept.  of  Water. 

San    Diego,    Cal Sept.      3.   1913 

Wilson,    James.     State    Highway    Commr. ;     County    Rd. 

Engr.,   New   Castle  County,  Montchanin,   Del Sept.      3,  1913 

Wright,    Stanley    Hubert.     Asst.     Engr.,    Am.    Pipe    & 

Constr.  Co.,  112  North  Broad  St.,  Philadelphia.  Pa.  Sept.  3.  1913 
Wuest,    Charles,   Jr.     Asst.    City    Engr.,    439G    Hamilton 

Ave.,    Cincinnati,    Ohio Sejjt.      3,   1913 

juniors 

BowLUS,  Fred  Drexel.     Asst.  Bridge  Engr.,  County  Surv.'s 

Office,    176    Painter    St..    Pasadena,    Cal Sept.      3.   1913 

Bright.   Graham   Bernard.     Instr.   in   Civ.   Eng.,   Virginia 

Polytechnic    Inst.,    Blacksburg,    Va Sept.      3,  1913 

Clarke,  Alfred  Henry.     60  Fenway,  Boston,  Mass Sept.      3,   1913 

Collins,    Merton    Clyde.     Structural    Engr.,     Bureau    of 

Architecture,  473  Sanchez  St.,  San  Francisco,  Cal..      Sept.      3,   1913 

Davis,  Meyer.     3101   College  Ave.,   Beaver   Falls,   Pa Sept.      3,   1913 

Gregory,    Whitney    Irwin.      Junior    Engr.,    U.    S.    Engr. 

Dept.,  P.  O.  Box  72,  Louisville,  Ky Sept.      3,   1913 

Hirzel,    Alfred    Sparks.      Asst.    City    Engr.,    1319    Shall- 

cross    Ave.,    Wilmington,    Del Sept.      3,   1913 

HiTT,    Henry    Collins.      Care,    State    Highway    Commr., 

Olympia,  Wash Sept.      3,   1913 

Holt,  Andrew  Hall.  Instr.  in  Civ.  Eng.,  Univ.  of  Ver- 
mont, 30  North  Winooski  Ave.,  Burlington,  Vt Sept.      3,   1913 

Lee,  Frank  Osborne.  30  North  Winooski  Ave.,  Burling- 
ton,  Vt Sept.      3,   1913 

Marks,    Edwin    Hall.      First    Lieut.,    Corps    of     Engrs., 

U.  S.  A.,  Washington  Barracks,   Washington,   D.   C.      Sept.      3.   1913 

Sandstedt,  Carl  Edward.     Spangle,   Wash June      4,  1913 

Sawyer,  Ernest  Walker.     Newcastle,  N.  B..  Camula May       7,   1913 

Stewart.  James  Robert.     2000  Summit  St.,  Kansas  City, 

Mo July       2,   1913 
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JUNIORS    (Continued)  I^aie  of 

Membership. 

Way,     \\  ii.i.iAM     Floyd.      Draftsman,     Stone     &     Webster 

Constr.    Co.,    Fresno,    Cal Sept.      3,   1913 

Wilson,   Calvin    Loighridge.     509    F.   &   M.    Bldg.,    Fort 

Worth,  Tex , Sept.      3,1913 


CHANGES  OF  ADDRESS 

MEMBERS 

Amblun,  William  Wesley-.     McMinnville,  Ore. 

Appletox.  Thomas.  Supt.  of  Constr.,  U.  S.  Treasury  Dept.,  New  Post 
Olliee,   New   Bedford,   Mass. 

Bacon.  George  Morgan.     714  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Bissell,   Frank   Edward.     2134    East   100th   St.,   Cleveland,   Ohio. 

Blanchabd,  Murray.    1500  Am.  Trust  Bldg.,  Chicago,  111. 

Boardman,  Charles  Slauson.  Care,  Lackawanna  Steel  Co.,  Lackawanna, 
N.  Y. 

Booth.   William  Henry'.     8  Queen  St..  London,  E.  C,  England. 

(iiADuoiRN.  William  Hobbs.  Care,  J.  G.  White  Eng.  Corporation,  Box 
183,   Wilmington,  N.  C. 

Choate,  Joseph  Kittkedge.  Vice-Pres.,  The  J.  G.  White  Management  Cor- 
poration, 43  E.xchange  PL,  New  York  City. 

Collier,  Bryan  Cheves.  Gen.  Supt.,  Hassam  Paving  Co.,  7  East  42d  St. 
(Res.,  2612  Kingsbridge  Rd.,  East),  New  York  City. 

Compton,  Charles  Sumner.  Cons.  Engr.,  Northern  Elee.  Ry.  Co.  and  E.  B. 
&  A.  L.  Stone  Co.,  841  Fifty-sixth   St..  Oakhmd,  Cal. 

CoNARD,  Clarence  Knight.  Const.  Engr.,  Raleigh,  Charlotte  &  South. 
Ry.,  Charlotte,  N.  C. 

CoNKLiNG,  Cloud  Clifford.    Care,  Lackawanna  Steel  Co.,  Lackawanna,  N.  Y. 

Connor,  Samuel  Powers.     20  Ridgewood  Terrace,  Maplewood,  N.  J. 

CosDY,  Spencer.  Col.,  Corps  of  Engrs.,  U.  S.  A.,  Care,  Am.  Embassy,  5 
Rue  de  Chaillot,  Paris,  France. 

Dawley,  Wiixiam  Sanborn.     5657  Cabanne  Ave.,  St.  Louis,  Mo. 

Dieck,  Robert  George.  Commr.,  Dept.  of  Public  Works,  City  Hall,  Port- 
land, Ore. 

Fauntleroy,  James  Dearing.  Gen.  Supt.  of  Constr.,  Goldsborough  Constr. 
Co.,  Lynch  Station,  Va. 

Fessenden,  Ralph  Seth.     Prescott,  Ariz. 

Gault,  Homer  Johnston.     Painesville,  Ohio. 

Hall,  Louis  Wells.     401  Am.  Trust  Bldg.,  Birmingham,  Ala. 

Habtman,  Russell  Theodore.  Vice-Pres.  and  Gen.  Mgr..  Iowa  Steel  & 
Iron  Works,  Inc..   112  North  29th  St.,  Cedar  Rapids,  Iowa. 

Hawley,  Ralph  Stevenson.     2531  Chilton  Way,  Berkeley,  Cal. 

Hilgard,  Karl  Emil.  Cons.  Engr.,  Klosbachstrasse  No.  159,  Zurich,  V., 
Switzerland. 

Howe,  Wii^son  Tyij;r.      102  Boston  Ave.,  West  Medford,  Mass. 
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Jkkvev,  Jamk.s  rosTELL:     Muj.,  C'oips  of  Eiigi^.,  L".  S.  A..  L'.  S.  Engl.    Otliee. 

Wheeling,  W.  Va. 
Jones,    Howard    Murfkee.      Member.    Eng.    Board,    U.    S.    Interstate    C'oni- 

nierce  Comm.,  Washington.  D.  C. 
Langton,  John.     Cons.  Engr.,  iXi  Broadway,  New  York  City. 
Lathkop.  Jay  Cowden.     Liberty  and  Lexington  Sts.,  Baltimore,  Md. 
Lea,  Samuel  Hill.     City  Engr..  Charlotte,  N.  C. 
Love,  Andrew  CAVirr.     Associate  Prof,  of  Civ.  Eng..  Agri.  and  Mechanical 

Coll.  of  Texas,  College  Station,  Tex. 
Macdonald,     Charles.      {Pust-l'resident.)      812     Riverside    Ave.,    Trenton, 

N.  J. 
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-,.,.,„.,,,^  Date  ot 
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Stanage.  John   Lynch Sept       3,  1913 


DEATHS 
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i5c. 

Engineering  Record,  New  York 
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City,  15c. 
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Railway  Engineer,  London.  Eng- 
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land, 4d. 

Electrical  World.  New  York  City, 
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Journal,  New  England  Water- 
Works   Assoc,   Boston,   Mass.,   $1. 

Journal,  Royal  Society  of  Arts, 
London,  England,  6d. 

Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  tr. 

Annates  de  TAssoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,  Belgium,  4  fr. 

Memoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
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Le  Genie  Civil,  Paris,  France,  1  fr. 

Portefeuille  Economiques  des  Ma- 
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Nouvelles  Annales  de  la  Construc- 
tion, Paris,  France. 
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Revue  de  Mecanique,  Paris,  France. 
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Technisches  Gemeindeblatt,  Berlin, 
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Colliery  Engineer,  Scranton,  Pa.,  25c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Vereln  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60m. 

Zeitschrift  fiir  Bamccsen,  Berlin, 
Germany. 

Staht  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia,   25  kop. 

Zeitschrift,  Oesterreichischer  In- 
genieur  und  Architekten  Verein, 
Vienna,    Austria,    70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York   City,   $12. 


OeU>bcr,  l!>l:i.l 


CURRENT    ENGINEERING    LITKIIATURE 


G71 


(55)  Transactions,  Am.   Soc.   M.    E.,    New 

York  City,  $10. 

(56)  Transactions.        Am.        Inst.        Min. 

Engrs.,   New  York  City,   $6. 

(57)  ColUcrt/     Guardian,     London,     Eng- 

land.   5d. 

(58)  Procecdin/js,    Engrs.'    Soc.    W.    Pa., 

803      Fulton      Bldg.,      Pittsburgh, 
Pa.,    50c. 

(59)  Proceedings,        American        Water- 

Works  Assoc,  Troy,  N.  Y. 

(60)  Municipal       Engineering,        Indian- 

apolis,  Ind.,  25c. 

(61)  Procecdinos.        Western         Railway 

Club,    225   Dearborn   St.,   Chicago, 
111.,  25c. 

(62)  Industrial     World.     59     Ninth     St., 

Pittsburgh,    Pa.,    10c. 

(63)  Minutes  of  Proceedings,  Inst.   C.   E., 

London,    England. 

(64)  Power,   New   York   City,   5c. 

(65)  Official      P7-occedings.      New       York 

Railroad    Club,    Brooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England.   6d. 

(67)  Cement      and      Engineering      Neivs, 

Chicago,    III.,    25c. 

(68)  Mining    Journal.    London.    England, 

6d. 

(69)  Der  Eisenbau,   Leipzig,   Germany. 

(71)  Journal.   Iron   and   Steel   Inst.,   Lon- 

don.   England. 
(71o)    Carnegie       Scholarship       Memoirs. 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American     Machinist,      New      York 

City,   15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.      and 

Metal.,    London,    England. 

(75)  Proceedings,    Inst,   of   Mech.    Engrs., 

London.    England. 

(76)  Brick,   Chicago,    III.,    10c. 

(77)  Journal,    Inst.     Elec.     Engrs.,     Lon- 

don,   England,    5s. 

(78)  Beton    iind   Eisen,    Vienna,    Austria, 

1,   50m. 

(79)  Forscherarbeiten,   Vienna,    Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieuricesen,     Wiesbaden,      Ger- 
many. 

(82)  Minina     and      Engineering      World, 

Chicago.    111.,    lOf. 


(83)  Gas  Age,  New  York  City,  15c. 

(84)  Le   Ciment,   Paris,   France. 

(85)  Proceedings,   Am.    Ry.    Eng.    As.soc. 

Chicago,    111. 

(86)  Engineering-Contracting,       Chicago. 

111.,  10c." 

(87)  Railway    Engineering    and    Mainte- 

nance of  iVay,  Chicago,   III.,   10c. 

(88)  Bulletin    of    the    International     Ry. 

Congress     Assoc,     Brussels,     Bel- 
gium. 

(89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,   Philadelphia,  Pa.,   $5. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,    London,   England. 

(91)  Traii.'iactions ,     Soc.     Naval     Archts. 

and    Marine    Engrs.,      New     York 
City. 

(92)  Bulletin,        Soc.        d'Encouragement 

pour   rindustrie  Nationale,   Paris, 
France. 

(93)  Revue       de       Metallurgie,       Paris, 

France,    4    fr.    50. 

(94)  The   Boiler  Maker,   New   York   City. 

10c. 

(95)  International     Marine     Enoineering, 

New    York    City,    20c 

(96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    10c. 

(98)  Journal,    Engrs.    Soc.    Pa.,    Harris- 

burg.   Pa.,    .30c 

(99)  Proceedings,   Am.    Soc.  of  Municipal 

Improvements,     New     York     City. 
$2. 
(  100)    Professional     Memoirs,     Corp.s      of 
Engrs.,     U.     S.     A.,     Washington, 
D.    C.   50c. 

(101)  Metal  Worker,  New  York  City,  10c. 

(102)  Orgayi     fiir     die     Fortschritte     des 

Eisenbahnioesens,  Wiesbaden, 

Germany. 

(103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,    10c. 

(104)  The    Surveyor   and   Municipal    and 

County    Engineer,    London,    Eng- 
land, 6d. 

(105)  Metallurgical     and     Chemical    En- 

gineering, New  York  City,   25c 
(  106)    Transactions,  Inst,  of  Min.  Engrs., 

London,  England,  6s. 
( 107)  Schweizerische   Bavseitung,   ZUrich. 

Switzerland. 
flOR)    SnuthcDi    Machinei-tt,   Atlanta,    Ga., 

]0c. 


LIST  OF  ARTICLES 
Bridges. 

The  Strauss  Direct  Lift  Bridge.*      (15)      Mar.   18. 

New   Coal   Handling   Bridge   at   Duluth,    Minn.*      (15)      Mar.    19. 

Scherzer  Rolling  Lift   Bridges.*      (15)      Mar.   20. 

The   Crooked   River   Bridge  of  the   Oregon   Trunk   Railway.*      (23)      Aug.    29. 

.Morris  County  Turnpike  Arch  at  Hopatcong,  N.  J.,  D.,  L.  &  W.  R.   R.*    A.  M.  Wolf. 

(87)      Sept. 
Internal    Temperature    Range    in    Concrete    Arch    Bridges.     C.    S.    Nichols    and    C.    B. 

McCullough.     (From   Bulletin.    Iowa   State   College   Eng.    Exper.    Station.)       (87) 

Sept. 
An    Alpine    Bridge,    the    Bietschtal    Bridge   on    the    Bernese   Alps    Electric    Railway.* 

(10)      Sept. 
Design    of    Large    Bridges    with    Special    Reference    to    the    Quebec    Bridge.*       Ralph 

Modjeski.      (3)      Sept. 

•Illu.strated. 
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Bridges — I  Continued ). 

Data    for    Use    in    Designing    Culverts    and    Short-Span    Highway    Bridges.*      (From 

Bulletin,    Offli-e    of    Public    Roads.)       (86)      Sept.    3. 
Types  of  Surfacing  to  be  Adopted  on   Bridges  and  Viaducts.     (Paper  read  before  the 

Third    Inter.    Koiid   Congress.)       (86)      Sept.   3. 
Progress   on    the    I^ower  Ganges    Bridge.    Northern    Bengal.    India.*     M.    D.    Brayshay. 

(  K?)       Sept.     4  ;     (12)       Sept.    12. 
.\'ew  Ohio   River   Bridge  at   Keuova,   W.   Va.*      (15)      Sept.   5. 
High    Steel   Viaduct   in   New   Zealand.      (14)      Sept.    (5. 
The    Bridges    of    Cleveland;     Present    Plans    and    Possibilities.       Henry    G.    Tyrrell. 

(From  the  Ohio  Architect.  Kyiginecr  ami  liiiildcr.)       (62)      Sept.   8. 
Reinforcing    an    Old    Cantilever    Bridge,    Philadelphia.     Penn.*      Henry    H.    Quimby. 

(13)  Sept.   11. 

Krection    of    a    Cable   Lift    Bridge.*     W.    J.    Howard.      (13)      Sept.    11. 

Concrete   Specifications   for   Bridge   Substructure.      (  14)      Sept.    13. 

.\nalysis   of   Steel    Towers.    Determination    of   Action    of   Wind    Loads    and    Design    of 

Tower   Bents.*     Isidore   Delson.      (14)      Sept.    13. 
The  Halen    Reinforced-Concrete  Bridge,    Bern,   Switzerland.*      (13)      Sept.   18. 
Twin    Scherzer    Bridges    at    Dublin.*      (12)      Sept.    19. 
Substructure    for    East    River    Bridge    Division,     New    York    Connecting    Railway.* 

(14)  Sept.    20. 

Sawing  a   Bridge  with  a  Wire.*     .laques  Boyer.      (46)      Sept.   20. 

The    Reconstruction    of   the    Old    Chain    Bridge   at    Newburyport,    Mass.*     Edward    C. 

Sherman.      (13)      Sept.    25. 
New    York    State    Highway    Department    Bridges,    Standard    Types    and    Details    of 

Steel  Girder  and  Truss  Spans  for  Suburban  Traffic*      (14)      Sept.   27. 
Ponts  Basculants  de  Selzaete  sur  le  Canal   de   Gand  k  Terneuzen    (Belglque).*     (33) 

Sept.    13. 
Ergebnisse   der  Belastungsproben  am   Bietschal-Viadukt  der  Lotschbergbahn.      (107) 

Sept.  6. 
Die  neue  Verordnung  betreffend  Berechnung  und  Untersuchung  der  eisernen  Briicken 

und  Hochbauten  der  Aufsicht  des  Bundes  unterstellten  Transportanstalten    (vom 

7,  .Tuni  1913).      A.  Rohn.      (107)      Sept.  6. 
Zum   Bau  der  Walchebriicke  in   Ziirich.*     Fritz  Locher.      (78)      Sept.    13. 
Neuere      Beitrage      zur      Frage      der      Verwendung      hochwertiger      Materialien      im 

Bruckenbau.*      F.    Bohny.      (50)      Sept.    18. 

Electrical. 

Design  of  High  Voltage  Transmission  Lines.*    .Julian  C.  Smith.     (5)      Vol.  26,  Pt.   2. 

Electricity    Supply    in   Dover.*      (26)      Serial  beginning  Aug.   29. 

The    Drawn     Tungsten     Filament.      O.     Kruh.      (Abstract     from    Electrotechnik    vnd 

Maschinenbau.)       (73)      Aug.    29. 
Traffic      Distribution      in      Manual      Telephone     Exchanges.*       J.      Baumann.       (73) 

Aug.    29. 
Radin-Telegraphy   at  Gamages.*     (73)      Aug.   29. 
LufBng  Cranes  at  Gladstone  Dock,   Liverpool.      (12)      Aug.   29. 
Electric     Furnaces,     Their     Design,     Characteristics     and     Commercial     Application. 

Woolsey  McA.   .Tohnson  and  George  N.   Sieger.      (105)      Sept. 
The  Advancement  of  the  Mercury  Arc  Rectifier.      Harry  F.   Perkins.      (105)      Sept. 
The  Relative  Cost  of  Three-Phase  and  Single-Phase  Transformers.      V.   L.   HoUister. 

(9)      Sept. 
The    Dielectric    Properties    of    Non-Conductors.*      Phillips    Thomas.      (3)      Sept. 
The    Relation    of   Matter    to    Electricity.      Arthur   Willis    Goodspeed.      (3)      Sept. 
Municipal    Electric    Light    for    Cleveland,    Ohio.       (60)      Sept. 
Springfield   Electric-Light   Plant.*     Warren   O.    Rogers.      (64)      Sept.   2. 
Pressure    Regulation*      C.    Turnbull.       (26)      Sept.   5. 
Rules   for  Insulated  Conductors.*       (26)       Sept.  5. 
Electrification  of  the  Salt  Union  Works.*      (26)      Sept.  5. 
.\n    .SO-Ton    Cantilever   Crane    at    East    Cowes.*       (26)       Sept.    5. 
An    Experimental   Alternating   Plant.*     R.    M.   Archer.      (73)      Sept.   5. 
Electrothermal    Phenomena   at   the   Contact  of   Two   Conductors,   with   a   Theory   of   a 

Class  of  Radio-Telegraph   Detectors.*      W.    H.   Eccles.      (Abstract  of   paper   read 

before    the    Physical    Soc.)       (73)      Sept.    5. 
Intensified   Lighting  of   Business   Thoroughfares.*      (27)      Sept.    6. 
Central-Station   Developments  at  Hartford.*      (27)      Sept.   6. 
Data  Concerning   Incandescent-Lamp    Reflectors.      G.   H.    Stlckney    and   A.    L.    Powell. 

(27)      Sept.    6. 
Electric  Transmission   Equipment,   Panama   Canal.      (18)      Sept.   6. 
Aluminum-Cell  Lightning  Arrester.*      John  A.  Randolph.      (64)      Sept.  9. 
Synchronous   and   Asynchronous   Reactance.*     .1.    Rezelman.      (73)      Sept.    12. 
Electrical      Installation     at     a     French      Iron     Works.*      Alfred     Gradenwitz       (26) 

Sept.   12. 
High-Frequency    Alternators    and    Their    Use    in    Radio-Telegraphy    and    Telephony  * 

(26)      Sept.   12. 

*Illustrated. 
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Electrical-  'Continued). 

Financial     Needs    of    the    Kleotrical     Industry.     Frank    A.     Vanderslip.      (I'a|>er     read 

before   the   Assoc.    Island    Meeting.)       (27)       Sept.    13. 
Development    of    Alabama    Water    Powers.*      (27)      Sept.    13. 

Approximate  Calculations  of  Transmission    Lines   with    Distributed   Capacity.*     Brad- 
ley   T.    McCormick.       (96)       Sept.    18. 
The    Nature    of    the     Electromagnetic    Waves    Employed    in     Radio-Telegraphy    and 

the    -Mode    of    Their    Propagation.*     G.    W.    O.    Howe.      (Paper    read    before    the 

British    Assoc.)       (73)      Sept.    19. 
Atmospheric   Refraction   in   Wireless  Telegraphv.    W.   II.    Ecdes.     (Paper  read  before 

the   British   Assoc.)       (73)      Sept.    19. 
Short    Heat    Tests    of    Electrical    Machines.*     W.    R.    Cooper.      (Paper    read    before 

the    British    Assoc.)       (73)      Sept.    19. 
Electrical   Equipment   of   a   Department  Store.*      (27)      Sept.   20. 
Graphic      Solution      for      Illumination      Problems.*       Neville      S.      Dickinson.        (27) 

Sept.    20. 
Controllers   for  A.   C.   Fire   Pump   Motors.*     Harrison    Pierce    Reed.      (62)      Sept.    22. 
Transformer  Characteristics.*     Edward  T.   Moore.      (64)      Serial  beginning   Sept.    23. 
Commonwealth    Edison    System    Operating    Features.*      (27)      Sept.    27. 
Les    Distributions    d'Elei-tricite    a    Tension    Superieure    ;\    100  000    Volts,    aux    Etats- 

Unis.       (33)      Sept.    6. 
Entwicklung    und    Bedeutung    der    elektrischen    .\nlagen    Oberschlesiens.*     W.    Vogel. 

(41)      Serial   beginning  Aug.   2S. 
Ein    neuer   elektrodynamischer    Pha.senmcs.-er.     Konrad    Gruhn.      (41)      Aug.    28. 
Einfluss  von  Erschiitterungen  und  Erwarmungen  auf  die  magnetischen  Eigenschaften 

von     Eisenblech.*      E.     Gumlich     und     W.     Steinhaus.      (4!)      Sept.     4:       (50) 

Sept.  4. 
l?ogenlicht    und    Pressgas    fiir    Strassenbeleuchtung.       (Cost.)       (41)      Sept.    11. 
Elektromagnetische  Wellen   in   elementarer  Behandlungsweise.*     Karl   Willy   Wagner. 

(41)      Sept.    11. 
Das    Hochspannungsnetz    der    Stadt    Bremen.*     Chr.    Laue.      (41)      Sept.    18. 
Phasenkompensation      und      Stabilisierung      von      Mehrphasen-Reihenschlussmotoren. 

J.    Jonas.      (41)      Sept.   18. 

Marine. 

Ship    Engine-Room    Ventilation.*       (12)      .^ug.    29. 
The   I.^rge.st   Steamer  Built   on   the   River  Loire.*      (12)      Aug.    29. 
Suggestions   Concerning  a   New  Development  of  Gyroscope   Mechani.sm.*     .T.   W.    Gor- 
don.     (11)      Aug.    29. 
The    Quadruple-Screw    Steamers   Osterdi/k    and    Westerdpk*      (11)      Aug.    29. 
The    New    Gladstone   Wet    and    Dry    Dock.    Liverpool,    Eng.*      (13)      Sept.    4. 
The  Injury   to  the  Hull  of  the  V.   S.  S.  Arkansas  by   Grounding.*      (13)      Sept.   4. 
The  French   Battleship   Courbet.*      (12)      Sept.   5. 
Development     in     Marine     Engines.      A.     Scott    Younger.      (Abstract    of    paper     read 

before    the    Scientific    Soc.    of    the    Royal    Technical    College,    Glasgow.)       (47) 

Sept.    12. 
The    Chilian    Torpedo-Boat    De.stroyer    AUnirante    Lynch.*      (II)      Serial    beginning 

Sept.    12. 
"Dreadnought"   Floating  Dock  for  the   British    Battleships.*      Frederick   C.    Coleman. 

(19)      Sept.    20. 
Le  Probl^me  de  la  Direction   des  Navires   Modernes  et  des   Appareils   de   Navigation 

j^^rienne.*      L.  Mascart.      (32)      June. 
Note   sur    les    Compa."^   de   Marine.*      L.    Ravier.      (32)      June. 
Note    sur    I'Emploi    d'un     Batardeau    Metallique    Deml-Circulaire.*      Gassier.      (43) 

Julv. 
Entwurf  und   Berechnung  von   Lflftanlagen   filr   Sohiffe*      Knipping.      (48)      Aug.    2. 
Beziehungen   zwlschen   den   Abmessungen   der   Anfahrventile   und  dem   Anfahrvorgang 

bei   Schiffsolmaschlnen.*      K.    Abelein.      (48)      Aug.    2. 
Ueber    neueste    Tauchergerate.*      Vincenz    Pollack.      (53)      Sept.    5. 

Mechanical. 

The  Slow  Combustion  of  Coal-Dust  and  Its  Thermal  Value.*  F.  E.  E.  Lamplough 
and  A.  Muriel  Hill.      (106)      Vol.   45,   Pt.   5. 

Developments  in  Machine  Shop  Practice  During  the  Last  Decade:  Report  of  Sub- 
Committee.    Am.    Soc.   Mech.   Engrs.   on   Machine   Shop   Practice.      (55)      Vol.    34. 

The  Vauclain   Drill.*    A.   C.  Vauclain  and  Henry  V.  Wille.      (55)      Vol.   34. 

Increase  of  Bore  of  High-Speed  Wheels  by  Centrifugal  Stresses.*  Sanford  A.  Moss. 
(55)      Vol.   34. 

Investigation  of  Efficiency  of  Worm  Gearing  for  Automobile  Transmission.*  Wm. 
H.    Kenerson.      (55)      Vol.    34. 

Dimensions   of    Boiler    Chimneys    for   Crude   Oil.      C.    R.    Weymouth.      (55)      Vol.    34. 

Tests  of  a  1  000-H.  P.  24  Tubes  High  B.  &  W.  Boiler.*  B.  N.  Bump.  (55) 
Vol.   34. 

Air   in   Surface  Condensation.*     Geo.   A.   Orrok.      (55)      Vol.   .j4. 

•Illustrated. 
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Mechanical— ( Continued) . 

The  Properties  of  Saturated  and  Superheated  Ammonia.*      William  E.  Mosher.      (55) 

Vol.    34. 
The    Physical    Properties    of    Anhydrous    Ammonia.*      Lionel    S.    Marks    and    F.    W. 

Loomis.      (55)       Vol.    34. 
Experiments    with     North    Dakota    Lignite    in    a    Steam    Power    Plant     and    a    Gas 

Producer.*      Calvin    H.    Crouch.      (55)      Vol.    34. 
The    Reduction    in    Temperature    of    Condensing    Water    Reservoirs    Due    to    Cooling 

KiTe.t    of   Air   and    Kvaporation.*     W.    U.    Huggles.       (55)      Vol.    34. 
The    Present    State    of    Development    of    Large    Steam    Turbines.*      A.    G.    Christie. 

(55)      Vol.    34. 
Xew    Processes    for    Chilling    and    Hardening    Cast    Iron.*      Thos.    D.     West.      (55) 

Vol.   34. 
.A    New   Analysis   of   the   Cylinder   Performance   of   Reciprocating   Engines.*     J.    Paul 

Clayton.      (55)      Vol.   34. 
Measurement  of  Natural  Gas.      Thos.   R.  Weymouth.      (55)      Vol.  34. 
The  Strength  of  Gear  Teeth.*    Guido  H.   Marx.      (55)      Vol.   34. 
Symposium    on    Cement    Manufacture,    Depreciation    Factor    in    the   Co.-;t    of    Producing 

Portland    Cement.     Frederick   H.    Lewis.      (55)      Vol.    34. 
A    Discussion   of   Certain   Thermal    Properties   of   Steam.*     G.    A.   Goodenough.      (55> 

Vol.   34. 
Recent   Development   of  Gas    Power   in   Europe,     H.    J.   Freyn.      (55)      Vol.    34. 
Problems   in  Natural  Gas  Engineering.*    Thomas  R.   Weymouth.      (55)      Vol.   34. 
Measurement   of  Air   in   Fan   Work.*     Charles   H.    Treat.     (55)      Vol.    34. 
Modern   Condensing  Systems.*     A.   E.   Leigh   Scanes.      (75)      Jan. 

Theory    and    Experiment   in    the  Flow   of   Steam   Through    Nozzles.*     James    B.    Hen- 
derson.     (75)      Jan. 
Indicators.*     James   G.    Stewart.     (75)      Jan. 

Purchasing    Coal    by    Specification.     J.    A.    Moyer.      (98)      Aug. 
Conveying   Plant   for  Coal    and   Coke   in   Gas-Works.*     Hubert   Hermanns.     (Abstract 

of    translation.)       (66)      Aug.    26. 
The    Corrosion    of    Condenser    Tubes.      Guy    D.    Bengough    and    Richard    M.    Jones. 

(Paper    read    before    the    Inst,    of    Metals.)       (47)      Serial    beginning    Aug.    29; 

(11)      Aug.   29. 
The    Scottish    Shale    Oil    Indu.stry.*      A.    E.    von    Groeling.      (12)      Serial    beginning 

Aug.    29. 
Patent    Fuel    Manufacture    and    Its    Dangers.     A.    H.    Lush.      (From    report    made    to 

Secy,    of   State.)      (22)      Aug.    29:      (57)      Aug.    29. 
Space    Occupied    by    Water    Tube    Boilers.      C.    R.    D.     Meier.      (Paper    read    before 

the  Engrs.'  Club  of  St.  Louis.)       (1)      Sept. 
The    Motor   Truck    in    Contracting    and    (jonstruction    Work.     Rollin    W.    Hutchinson, 

Jr.      (9)      Sept. 
Air   Compressors    and    Compressed-Air    Machinery.     Robert    L.    Streeter.      (9)      Sept. 
Modem    Tool    Steels    and    High-Speed    Tool    Alloys.*      George    S.    Armstrong.      (9) 

Sept. 
Power    Applications    of    Diesel    Engines    in    Industrial     Plants.*       C.    Van    Langen- 

donck.      (9)      Sept. 
Motor   Fire  Apparatus.*     H.   W.    Perry.      (60)      Sept. 

Wagon    Loaders    for    Handling    Sand.    Stone    and    Gravel.*      (67)      Sept. 
Hoiler    Inspection.*     Garland    P.    Robinson.      (Paper    read    before   the    Richmond    Ry. 

Club.)       (94)       Sept. 
Shop   Transportation.    Oscar  E.    Perrigo.      (108)      Sept. 
.\mmonia    Condensers.*      Fred    Ophuls.      (64)      Sept.    2. 
Waste   of   Ammonia    (in    Gas   Manufacture).     Norton   H.    Humphrys,   Assoc.    M.    Inst. 

C.    E.      (66)      Serial    beginning    Sept.    2. 
Oil     Gas    and     Its     Manufacture.       E      C.     Jones.        (Paper     read     at    the    Univ.     of 

California.)       (66)      Sept.    2. 
Spiral   on   Screw  Conveyors.     Reginald   Trautschold.      (96)      Sept.   4. 
Manufacturing  Cold   Drawn   Steel   Shells.*      (20)      Sept.   4. 
The  Determination   of  Oxygen   in   Copper  and   Brass.*     T.   West.     (Paper   read  before 

the  Inst,  of  Metals.)       (47)      Sept.  5. 
What    Type    of    Carbonizing    Plant    Shall    We    Adopt?      Frederick    Burnett.      (Paper 

read  before   the   Canadian   Gas   Assoc.)       (24)      Sept.   8. 
Greenock's    First    Gas    Supply.*      James    Macleod.      (Paper    read    before    the    North 

British    Assoc,    of   Gas   Mgrs.)       (66)      Sept.   9. 
Possible    Economies    in    Gas    Manufacture.*      W.    B.    Davidson.      (Paper    read    before 

the  North   British   Assoc,   of  Gas   Mgrs.)       (66)      Sept.   9. 
Comparative    Cost    of    Gas    and    Steam    Plants.      L.    B.    Lent.      (64)      Sept.    9. 
The  Trumbull  Sheet  and  Tin  Plate  Mills.*       (20)      Sept.  11;     (101)      Sept.  12. 
The  Development  of   Balancing   Devices   for  Centrifugal   Pumps.*      Alex.    V.    Mueller. 

(13)      Sept.    11. 
Fuel  Oil    In   Navy  Yard   Forge   Shops.*      F.   G.    Coburn.      (72)      Sept.    11. 
.A    Coal    Testing    Plant    for    the    Saskatchewan    Government.      (96)      Sept.    11. 
Uniform   Boiler   Specifications.      Thomas    E.    Durban.      (Paper   read    before    the    Am. 

Boiler    Mfrs.'    Assoc.)       (94)      Sept.;      (20)      Sept.    11. 


•Illustrated. 
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Mechanical— (Continued). 

Bxperiments   with   a   Tilting   Manometer   for   Measurement   of  Small    Pressure   Differ- 
ences.*     J.     R.     Pannell.       (11)      Sept.     12. 
The   Ostwald    Process   for    Making    Nitric   Acid    from   Ammonia.*      (19)      Sept.    13. 
Accepted     Test    of     a     Large     High     Vacuum     Condenser.      Paul     A.     Bancil.      (76) 

Sept.    15. 
.\mmonia     Concentration.      R.     B.     Richardson.      (83)      Sept.     15. 
.Maiuifaiture    and    Distribution    of    Gas.       (From    Circular   No.    32,    U.    S.    Bureau    of 

Standards.)       (S3)       Sept.    15. 
(■o-()l)eration  in  the  Standardization  of  Better  Practice  in  the  Installation  of  Boilers 

and    Stokers.     Joseph    G.    Worker.      (Paper    read    before    the    Inter.    Assoc,    for 

the   Prevention   of  Smoke.)       (62)      Sept.    15. 
Kssentials  of  an  Automatic  Stoker.      J.   R.  Fortune.      (Paper  read  before  the  Detroit 

Kng.    Soc.)       (62)      Sept.    15. 
Coal   Products   Company's   Power   Plant.*      S.   G.   Artingstall,   Jr.      (64)      Sept.   16. 
Distribution    of    Heat    in    Steam    Boilers.      Perry    Barker.      (Paper    read    before    the 

Am.    Inst,    of    Chemical    Engrs.)       (64)      Sept.    Iti. 
Mollier    Diagram    for    Ammonia.      G.    A.    Goodenough    and    W.    E.    Mosher.      (From 

liultctin.   Univ.   of   Illinois   Eug.    Experiment   Station.)       (64)      Sept.   16. 
Working    Results    of    the    Woodall-Duckham     Retorts    at     Budape.-^l.       J.     Bemaner. 

(Abstract  of  paper  read  before  the  Assoc,  of  Gas  and  Water  Engrs.  of  Austria- 
Hungary.)       (66)      Sept.    16. 
Remodelling   a    Small    Gas- Works.     L.    Rodgers.      (Paper    read   before   the    Victorian 

Gas    Mgrs.'    Assoc.)       (66)       Sept.    16. 
The    Construction    of    Meters.      W.    Fletcher.      (Paper    read    before    the    Manchester 

Junior   Gas   Assoc.)       (66)      Sept.    16. 
Perpetual   Force   Clock   Mechanisms.*      Robert   Mawson.      (72)      Sept.    18. 
Machines    and   Tools    for    Quackenbush    Rifles.*      Ethan    Viall.      (72)      Sept.    18. 
Belt  Conveyors.      Reginald  Trautschold.       (96)      Serial   beginning   Sept.    18. 
Removing   Carbon    from   Gas   Engines.     Joseph   A.    Anglada.     (Paper   read   before   the 

National   Gas   Engine  Assoc;       (20)      Sept.    18. 
New   Generators   for   Diesel    Engines.*      (12)      Sept.    19. 
The   Production   of   Motor   Spirit   from   Coal.     A.    Rollason   and   A.    W.    Taylor.      (57) 

Sept.    19. 
The  Influenie  of  the  Presence  of  Gas  Upon  the  Inflammability  of  Coal  Dust  in  Air.* 

W.    M.    Thornton.      (57)      Sept.    19;      (22)      Sept.    19. 
The    Proper    Utilization    of    Coal    and    Fuels    Derived    Therefrom.     H.    E.    Armstrong. 

(Paper  read   before  the  British   Assoc.)       (57)      Sept.   19;     (22)      Sept.   19. 
Liquid,  Solid  and  Gaseous  Fuels  for  Power  Production.    F.  W.  Burstall.     (Paper  read 

before  the   British  Assoc.)       (57)      Sept.   19;     (22)      Sept.   19;     (66)     Sept.   16; 

(12)      Sept.   19. 
Charcoal    Ironworks.     Henry    B.    Wheatley.      (29)      Serial    beginning    Sept.    19. 
.Automatic    Sleeper-Adzing    and     Boring     Machine.*      (II)      Sept.     19. 
The  Gaede  Molecular  Air-Pump.*      (11)      Sept.   19. 
Increasing   Cost   of    Gas    Making   Materials.*     B.    O.    Tippy.     (Paper   read   before   the 

Michigan    Gas    Assoc.)       (24)      Sept.    22. 
.\    Plea    for    Accurate    Records   of   Street   Main    and    Service   Work :      Their    Use   and 

Some     Methods     Employed     in     Their    Preparation.*      Daniel     L.     Hill.      (Paper 

read    before   the    Canadian    Gas    Assoc.)       (24)      Sept.    22. 
Smoke     Abatement     and     Fuel     Conservation     in     Pittsburgh     Metallurgical     Plants. 

J.   M.   Searle.     (Paper   read   before  the   Pittsburgh   Foundrj'men's   Assoc.)       (62) 

Sept.    22. 
The  Locomobile:    An  Economic  Superheated   Steam  Plant.*      (62)      Sept.   22. 
Throttling  Calorimeters.      (64)      Sept.  23. 

Electroplating    at    a    Typewriter   Works.*     James    Stedman.      (20)      Sept    25. 
A    System    of    Burning    Producer    Gas.*     C.    M.    Garland.      (20)      Sept.    25. 
The    Production    of    Eastman    Kodaks,*     Ethan    Viall.      (72)      Sept.    25. 
Pumping  and   Heating  of  Oil   Fuel.*      (27)      Sept.   27. 
Turning  Somersaults  with  an  Aeroplane.*      (46)      Sept.   27. 

The   Value  of  Gas   Coal    for    Use   in   Gas  Works.    T.   D.    Miller.      (24)      Sept.    29. 
Boiler   Attachments.     J.    E.    Terman.      (64)      Serial    beginning    Sept.    30. 
Origine,    Construction   et   Emploi   d'un   Accelerometre  i   Ma.xima.*     J.   Auclair.      (32) 

July. 
L'Accglerometre   a   Maxima   du   Laboratoire   d'Essais   du    Conservatoire    National    des 

Arts     et     Metiers.     Quelques     Appareils     Annexes     Resultats     d'Experiences     et 

Recherches    Diverses.*     A.    Boyer-Guillon.      (32)      .July. 
Ressourees   Mondiales   en   Carburants   Legers   Extraits   des    Petroles,    leur   Developpe- 

ment  Moyens  de  les  Accroitre.*    A.  Guiselin.      (32)      July. 
Etude  sur   la  Fumivorite.      A.   Boyer-Guillon.      (37)      .Inly   ;U. 

Th6orie  Elementaire  des  Machines  k  Air  Liquide.*  Henri  Brot.  (37)  .July  31. 
Etude  sur  la  Direction  des  Voitures  Automobiles.*  P.  Massot.  (37)  July  31. 
L'Epreuve  d'Endurance  Militaire  des  Vchicules  de   Poids   Lourd    (l®'    Juillet-12   aout 

1913).*    D.  Duaner.      (33)      Serial  beginning  Aug.  23. 
Le  Funiculaire  a  Voyageurs  du  Mont  Kohlerer  prfes  de  Botzen   (Tyrol).*     Caumont. 

(33)      Aug.    30. 

♦Illustrated. 
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Mechanical-  (Continued '. 

L'Elcole    Natlonale    d'Arts   et    Metiers   de   Paris,    Outillage   des    Ateliers.*      L.    Pierre- 
Guidon.      (33)      Serial    beginning   Aug.    30. 
Th6orie   G^nt-rale   de  I'Action   Stabilisatrice  des   Empennages   Horizontaux   de    I'ASro- 

plane.   Suivie   d'un   Aper(,u   General   sur   les   Divers   Procedfis   de   Stabilisation   de 

I'Aeroplane.      Georges    de    Bothezat.      (37)      Aug.    31. 
Pont   Roulant  i^  Main,   Charge  10  Tonnes,   Portoes  15  600  m.*    A.   Nachtergal.     (34) 

Sept. 
La   Fabrication    Industrielle  de  I'Azote   Pur  par   I'Air  Liquide.*      Henri    Bret.      {33) 

Sept.     13. 
Leitungswiderstand    iiberhitzten    Dampfes    in    glatten    und    in    gewellten    Ausgleich- 

rohren.*      C.    Bach    und    R.    Stuckle.      (48)      July    19. 
Grossdieselmotoren,    ihre    Brennstoffe,    Konstruktion    und    Anwendungsgebiete.*      (48) 

July    19. 
Entwicklung  und  Stand  der  Technik  landwirtschaftlicher  Maschinen.*  Gustav  Fischer. 

(48)      Serial  beginning  July  26. 
Krafteverteilung    und    Greifen    bei    Selbstgreifen.*      Pfahl.      (48)      July    26. 
Die  Kraftiibertragungsanlage  Lauchhammer-Groditz-Rlesa.*      (48)      Serial  beginning 

Aug.    2. 
Fortschritte    im    Bau    von    Flachregler-Ventilsteuerungen    nebst    einem    Beitrage    zur 

Theorie   der   Fliehkraftregler.*      R.    Proell.      (48)      Serial   beginning   Aug.    16. 
Ueber      Langsstabilitat      der      Drachenflugzeuge.*       Richard      Knoller.        (53)     Serial 

beginning    Sept.    5. 
Ueber  den  wethselnden  Einfluss  de.s  giinstigsten  Kupplungswinkels  und  Querschnittsver- 

haltnisses    auf   die   Schwunggradabmessungen   bei    gekuppelten    doppeltwirkenden 

Zwillingspumpen.*    Karl  Mayer.      (53)      Sept.  19. 

MetallurKical. 

Case  Carbonizing*      Marcus  T.   Lothrop.      (55)      Vol.   34. 

Common  Sense  of  the  Fume  Question.    Herbert  Lang.     (103)      Aug.   30. 

Federal  Lead  Co.'s  Smelting  Plant.*    H.  B.  Pulsiter.      (82)      Aug.  30. 

Carborundum   Refractories.      F.   J.   Tone.      (105)      Sept. 

Hydrometallurgy.      Regis  Chauvenet.      (105)      Sept. 

Concentration  and  Reverberatory  Smelting  of  a  Second-Class  Copper  Ore.  F.  W. 
Traphagen.      (105)      Sept. 

The   Fried.     Krupp    Works,    Friedrich    Alfred    Hiitte,    Rheinhausen.*      (11)      Sept.    5. 

A  Method  of  Improving  the  Quality  of  Arsenical  Copper.*  F.  Johnson.  (Paper  read 
before   the    Inst,    of    Metals.)       (11)      Sept.    5;      (47)      Sept.    19. 

Electric  Iron  Smelting  at  Hardanger.  (From  Teknisk  Ukeblad.)  (68)  Serial  be- 
ginning Sept.   6. 

Copper  Leaching  at  Butte,  Montana.*    Peter  E.  Peterson.      (82)      Sept.  6. 

Zinc-Dust   Precipitation  of  Gold   and   Silver.*     A.   M.   Merton.      (82)      Sept.   6. 

Ore    Bedding   by   the  Tennessee   Copper   Co.     H.    F.    Wierum.      (16)      Sept.    6. 

Calculation   of  Extraction   in   Cyanidation.    Herbert   A.   Megraw.      (16)      Sept.   6. 

Apparatus  for  Catching  Cinders  in  Gases.*       (20)       Sept.  11. 

The  Two  Xew  Tilting  Furnaces  at  Buffalo.*      (20)      Sept.   11. 

Electrometallurgy    of    Zinc*       (26)       Sept.    12. 

I'iinvas   Plant  of  the  Federal  Lead  Company.*    Claude  T.   Rice.      (16)      Sept.  13. 

No.   2  Crushing  Plant  of  Natomas  Consolidated.*     Richard   H.   Vail.     (16)      Sept.   13. 

Nickel  Smelting  by  the  Mond  Process.*  A  P.  Coleman.  (Abstract  from  Bulletin, 
Canada    Dept.    of    Mines.)       (103)      Sept.    13. 

Lead-Reflning    Plant   at   Omaha,    Neb.*     H.    B.    Pulsifer.      (82)      Sept.    13. 

The  Motherlode  Mill,  Salmo,  B.  C*    C.  Earl  Rodgers.      (16)      Sept.  20. 

Solution   Control    in   Cyanidation.    A.   W.   Allen.      (103)      Sept.   20. 

Economical  Fine  Grinding  in  Paris.*    M.  G.   F.  Sohnlcin.      (16)      Sept.   27. 

Les  Theories  sur  les  Alliages  Metalliques  et  leurs  Applications  Industrielles. 
A.   Portevin.      (32)      June. 

Les  Laitons  au  Nickel.*    L6on  Guillet.      (92)      Sept. 

I'ntersuchungen  (iber  die  Vorgange  im  Hochofen*  W.  Mathesius.  (50)  Serial 
beginning    Sept.    4. 

Mining. 

The  Design  and  Mechanical  Features  of  the  California  Gold  Dredge.*  Robert  E. 
Cranston.      (55)      Vol.    34. 

Insulated  and  Bare  Copper  and  Aluminum  Cables  for  the  Transmission  of  Elec- 
trical Energy,  with  Special  Reference  to  Mining  Work.*  Burkewood  Wel- 
bourn.      (106)      Vol.    4.5,    Pt.    5. 

The  Bennett   Duplex  Vertical  Overwinding  Controller.*      (57)      Aug.   29. 

Diamond-Drilling    at    the    Poderosa    Mine.     C.    L.    Severy.      (103)      Aug.    30. 

Power-Plant  at  the  Associated  Mine,  Kalgoorlie.*  M.  W.  von  Bernewitz.  (103) 
Aug.    30. 

Metal  Mining.*  Ervin  W.  McCullough.  (Paper  read  before  the  Civil  Engrs  '  Soc 
of  St.    Paul.)      (1)      Sept. 

Coal-Face    Conveyors   at   Leasingthorne    Colliery.    Durham.*      (22)      Sept.    5. 

*  Illustrated. 
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Mining— (Continued). 

Electrical    Distribution    for    Mines.     J.    W.    Anson.      (Abstract    of    paper    read    before 

the    South    African    Inst,    of    Elec.    Engrs.)       (22)      Sept.    5. 
The    Sinking    and     Equipping    of     nedwas    Colliery.*      Edmund    L.     Hann.       (Paper 

read  before  the  South  Wales   Inst,  of  Engrs.)       (57)      Sept.   5;     (22)      Sept.   12. 
Xew   Rescue  Stations  in  Yorkshire.*       (57)      Sept.  5. 

Itemized    Equipment    for    Churn    Drill.*     H.    P.    Bowen.      (16)      Sept.    6. 
.Mining   by   Wholesale.*     Thomas  T.    Read.      (103)      Sept.   6. 
Open   Air  Coal    Mining.*     E.   J.   D.    Coxe.      (19)      Sept.   6. 
Mining   and   Smelting   at    High   Altitudes   on   the   Andes,    and    in    Regions   DifBcult   of 

Access.       (68)       Sept.    <j. 
Shaft  Timbering   in   Swelling   Ground.*    W.  H.   Storms.      (16)      Sept.   13. 
Safety    in    the    Mines    of    the    Iron    Ranges.      Edwin    Higgins.      (Abstract    of    paper 

read  before  the  Lake  Superior  Min.    Inst.)       (82)      Sept.   13. 
The  Development  of  the  Midland  Coalfields.    Fred.  G.   Meachem.     (Paper  read  before 

the    British    Assoc.)       (57)      Sept.    19. 
Mining    Efficiency    on    the    Rand.      Kotz§.      (From    Annual    Report,     South    African 

Mines   Dept.)       (68)       Sept.    20. 
Factors    Affecting    Choice    of    Mining    Method.     E.    M.    Weston.      (16)      Sept.    20. 
Extralateral     Rights     to     Quartz     Veins.*      John     B.     Clayberg.       (From     California 

Law    Review.)       (16)      Sept.    20. 
A   Dissertation   on  U.   S.    Mining   Law.     Russell    L.    Dunn.      (82)      Sept.    20. 
.Mining    Methods    on    the    Mesabi    Range.*      (Report    of    Committee    of    Lake    Superior 

Min.    Inst.)       (82)      Sept.    27:      (16)      Sept.    27. 

Miscellaneous. 

The  Present  Opportunities  and  Consequent  Responsibilities  of  the  Engineer.  Alex- 
ander   C.    Humphreys.      (55)      Vol.    34. 

.■\xioms  Concerning  .Manufacturing  Costs.    Henry  R.  Towne.      (55)      Vol.   34. 

The  Present  State  of  the  Art  of  Industrial  Management.*  (Majority  and  Minority 
Reports  of  Sub-Committee,  Am.  Sec.  Mech.  Engrs.  on  Administration.)  (55) 
Vol.   34. 

The    Principles    of   Valuing    Property.     Henry    K.    Rowell.      (55)      Vol.    34. 

Patent  Law  from  an  Engineer's  Standpoint.    Russel  S.   Smart.      (5)      Vol.   26,   Pt.   2. 

Organized  Safety.    L.  R.  Palmer.      (98)      Aug. 

Quantitative    Spectrum    Analysis.*     G.    A.    Shook.      (105)      Sept. 

In  the  Earth's  Depths  the  Difficulties  of  Vertical  Excavation  and  Modern  Devel- 
opments   in    Digging    Methods.*     J.    F.    Springer.      (10)      Sept. 

Home  Experiments  in  Illumination  from  Large-Area  Light  Sources.*  Herbert  E. 
Ives.  (Paper  read  before  the  Phila.  Section  of  the  Illuminating  Eng.  Soc.  of 
Xew   York.)       (66)      Sept.    2. 

The  Two  Epochs  of  Rate  Regulation.  William  J.  Norton.  (Paper  read  before  the 
National    Elec.   Light  Assoc.)       (86)      Sept.    10. 

Original  Cost  versus  Replacement  Cost  as  a  Basis  for  Rate  Regulation.  Raymond 
V.   Hayes.     (From   Quarterly  Journal  of  Economies.)       (15)      Sept.    12. 

Depreciation  :  Estimated  and  Actual.  Alex.  C.  Humphreys.  (Paper  read  before 
the    Institution    of    Gas    Engrs.)       (24)      Sept.    15. 

The    Pennsylvania    Public    Service    Company    Law.       (24)       Sept.    15. 

Municipal. 

The  Birmingham  Town   Planning  Schemes  and  Notes  on  the  Procedure  Regulations.* 

Henry    E.    Stilgoe,    M.    Inst.   C.    E.      (Paper   read   before   the   Institution   of   Mun. 

and  County   Engrs.)       (104)      Serial  beginning  Aug.   29. 
Causes  of  Wear  and   Deterioration  of  Roadways.      Laurence  J.   Hewes.      (Paper  read 

before  the   Permanent    Inter.   Assoc,   of   Road  Congresses.)       (13)      Sept. 
Why   Some  Municipal   Asphalt   Plants  Fail.    H.   B.    Pullar.      (60)      Sept. 
Petrolitic   Road   Construction,   with   Costs  of   Construction   and    Maintenance.*      K.    F. 

Postle.       (60)      Sept. 
Macadam    Road    Construction    Statistics.      John    McNeal,    M.    Am.    Soc.    C.    E.      (60) 

Sept. 
Cost   and   Value  of   Road   Materials.      John   H.    Mullen.      (60)      Sept. 
The  New  Home  Rule  Charter  of  Dayton,   Ohio.      (60)      Sept. 
The    Patch    System    of    Road    Maintenance.      Zdensko    Vytvan.      (Paper    read    before 

the  Third    Inter.    Road   Congress.)       (86)      Sept.   3. 
Machine   Rammers   for   Compacting   Broken    Stone.      C.    Guillet.      (Paper    read   before 

the    Third    Inter.    Road    Congress.)       (86)       Sept.    3. 
Wood    Block    Pavements    in    Australia.      A.    C.    Mountain.      (Paper    read    before    the 

Third   Inter.   Road  Congress.)       (86)      Sept.   3. 
Utilization  of  Lead  Slag  for  Pavement  Purposes.      D.  C.  Callais.      (Paper  read  before 

the  Third    Inter.    Road   Congress.)       (86)      Sept.   3. 
Street  and  Pavement  Construction.    A.  F.  Macallum.      (96)      Sept.   4. 
.Vutomobiles    and    Improved    Roads.*      Logan    Waller    Page.       (46)      Sept.    6. 
Planning    of    New    Streets    and    Roads.     Nelson    P.    Lewis.      (Paper    read    before    the 

Tbird   Inter.    Road   Congress.)      (86)      Sept.    10. 

♦Illustrated. 
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Municipal—*  Continued). 

Authorities  in  Charge  of  the  Construction  and  Maintenance  of  the  Highway  System 
of  France.  K.  Marion.  (Paper  read  before  the  Third  Inter.  Road  Congress.) 
iSfi)      Sept.   10. 

Peniiaiiont   Hoads   an   Economic   Necessity.*     Harry   Wilkin    Perry.      (19)      Sept.    13. 

Organization  of  the  Street  Department  of  St.  Louis,  Mo.  James  C.  Travilla.  (Paper 
read    before   the   Third    Inter.    Road   Congress.)       (86)      Sept.    17. 

Summary  of  Practice  of  Various  Countries  in  the  Con.struction  of  Macadamized 
Roads  Bound  with  Bituminous,  Tarry  or  Asphaltic  Materials.  J.  Walker 
Smith.     (Paper  read   before  the  Third   Inter.   Road  Congress.)       (86)      Sept.   24. 

Work    of    the    Massachusetts    Highway    Commission    in    1912.       (86)       Sept.    24. 

Recent  Improvements  in  Macadam  Road  Machinery.  A.  W.  Dean.  (Abstract  of 
IKvper  read  before  the  Permanent  Inter.  Assoc,  of  Road  Congresses.)  (13) 
Sept.  25. 

Concrete  Road  Construction.  A.  N.  Johnson.  (Abstract  of  paper  read  before  the 
Permanent   Inter.   Assoc,  of  Road  Congresses.)       (13)      Sept.   25. 

Bituminous  Concrete  Pavements.  Wm.  B.  Spencer.  (Abstract  of  paper  read  before 
the    Am.    Soc.    of    Bng.    Contractors.)       (96)      Sept.    25. 

The   Extent  and   Wear  of   Pavements   in   Canadian   Cities.      (96)      Sept.   25. 

Hard    Roads   in    Wayne  County,   Michigan*      (14)      Sept.    27. 

Asphalt    Paving    Cements    and    Road    Binders.     J.    W.    Howard.      (14)      Sept.    27. 

Experiments  in  Brick  Road  Construction,  Test  Data  and  Costs  of  Section  Con- 
taining Fourteen  Varieties  of  Paving  Block.*  James  T.  Voshell.  (14) 
Sept.  27. 

Les   Paves  de  Granit  de  Scandinavie   (Su&de  et  Norvfege).*     Labord&re.      (43)      July. 

Kunftige   Aufgaben   des   Stadtebaues.     H.   Chr.    Nussbaum.      (7)      Aug.    16. 

L'eber  Abbruch  von   Stampfbeton.     Ernst  Schick.      (78)      Sept.   13. 

Railroads. 

Rotary   Snow   Plows.*     H.  H.  Vaughan.      (5)      Vol.   26,   Pt.   2. 

Train   Lighting.    H.  A.  Currie  and  Benjamin   F.  Wood.      (55)      Vol.   34. 

Factors    in    the   Selection    of   Locomotives    in    Relation   to   the   Economics   of   Railway 

Operation.    O.   S.   Beyer,   Jr.      (55)      Vol.   34. 
Results  of  Tests  on   the  Discharge   Capacity  of  Safety  Valves.*     (For   Locomotives.) 

E.    F.    Miller.      (55)      Vol.    34. 
Electrical   Locomotives  of  the  Lotschberg  Railway.*      (26)      Aug.   29. 
Wireless   Train    Control.      (26)      Aug.    29;     (12)      Aug.    29. 
Electric    Locomotives    for    Main    Line    and    Suburban    Services.*      B.    Parker    Haigh. 

I  Paper     read     before     the     Scientific     Soc.     of     the     Royal     Technical     College, 

Glasgow.)       (47)      Serial    beginning    Aug.    29. 
.\iw    French   Car-Lighting    Dynamos.*      (26)      Aug.    29. 
.\    Consideration    of    British    Express    Locomotive    Design.      E.    A.    .Johnston.      (12) 

Serial   beginning  Aug.   29. 
I'he  Giovi  Line  and  Chiapella  Station.      (12)      Serial  beginning  Aug.   29. 
.\cw     Heavy     Goods     Train     Locomotives,     Northern     Railway     of     France.*      (23j 

Aug.    29. 
MI   Steel   Carriages   for  the  South   Indian    Railway.*      (23)      Aug.    29. 
.Steam    Railroad    Electrification.*     Chas.    P.    Kahler.      (Paper    read    before    the    Utah 

Soc.   of    Engrs.)       (1)      Sept. 
ir.-Ton   Wagon,    Egyptian   State   Railways.*      (21)      Sept. 
Irain   Control,    London   and    North-Western    Railway.*      (21)      Sept. 
Preventing   Rails   Creeping.       (21)       Sept. 
.Manufacturing    Truck    Transoms    for    Passenger    Coaches.*     George    Eraser.      (Paper 

read    before    the    Master    Blacksmiths'    Assoc.)       (25)      Sept. 
Signal   Standards,    Northern    Pacific   Railway.*      (87)      Sept. 
.Study    of   Car    Wheel    Flanges    and   Treads.      L.    W.    Wallace.      (25)      Sept. 
Platform    Awnings    and    Roofs,    Metropohtan    Railway.*       (21)       Sept. 
The   Aisgill   Collision,    Evidence  at   Board   of  Trade   Inquiry.      (23)      Sept. 
Operating   Superheater  Locomotives.      (Abstract  of   Report  of  Committee  of  the  Trav- 
eling   Engrs.'    Assoc.)       (25)      Sept. 
The   Operating   Department   and    Fuel    Economy.      (Abstract   of   Report   of   Committee 

of   the    Traveling    Engrs.'    Assoc.)       (25)      Sept. 
Elimination  of  Black  Smoke  from  Locomotives.    Martin  Whelan.     (Paper  read  before 

the   Traveling    Engrs."    Assoc.)       (25)       Sept. 
Advantages  of  the  Brick   Arch.*     I.«  Grand   Parish.     (Paper   read  before  the  Travel- 
ing   Engrs.'    Assoc.)       (25)       Sept. 
Care    of    Locomotive    Brake    Equipment.      (Report    of    Committee    of    the    Traveling 

Engrs.'    Assoc.)       (25)      Sept. 
Inspection    Locomotive   on    the    Reading.*      (25)      Sept. 
The    Theorv    of    Reproduction     Applied    to     Railway     Rights    of    Way     and     Station 

Grounds.*      E.    W.    Reed.      (86)      Sept.    3. 
An   Example  of  Concrete  Foundations  for  Heavy  Service   Railroad  Track.*     F.   Aurv- 

ansen.      (86)      Sept.   3. 
The   Railway  Situation   in  Hamilton.*    E.  H.   Darling.      (96)      Sept.   4. 

•Illustrated. 
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Railroads— (Continued). 

Alaska's    Need    of    Railway    Development.*      K.    E.    Swergal.      (15)      Sept.    5. 
Valuation    of    Kansas    Railways.      C.    C.    Witt.       (Abstract    of    Report    to    the    Public 

Utilities    Comm.)       (IS)      Sept.    5. 
The    Sulzer-Diesel    Locomotive.*      (11)      Sept.    5. 
Air  Brakes   and   Modern  Conditions.    Walter  V.   Turner  and   P.   H.   Donovan.     (Paper 

read    before    the    Ry.    Club   of    Pittsburgh.!       (15)      Sept.    5. 
Benjol  Electric  Train  for  the  Khedive  of  Egypt.*      (12)      Sept.   5:      (2^)      Sept.    12. 
.\tlantic   Type   Inspection   Locomotive.*      (IS)      Sept.   5. 
Powdered    Fuel    for   Locomotives.     Walter  D.   Wood.      (23)      Sept.   5. 
New    Restaurant   Cars.    Great   Western    Railway.*      (23)      Sept.    5. 
Reinforced    Concrete    Signal-Doxes.*      (23)      Sept.    5. 
Tipping   Trucks    (for   Railways).*      (23)      Sept.    5. 

Notes    on    European    Electric    Railways.*      Louis    Bell.      (17)      Sept.    <1. 
New   Cutoff  between   Winchester  and    Irvine  in   Eastern   Kentucky.*      (14)      Sept.    6. 
Estimating    Operating    Expense    and    Cost    of    Construction.      (For    Electric    Inter- 
urban    Railway.)      Louis    E.   Fischer.      (17)      Sept.    (i. 
Government    Suit    to    Dissolve    Joint    Control    of    Philadelphia    &    Reading    and    the 

Central    R.    R.   of  New   Jersey.      (18)      Sept.    6. 
Mikado  and  Mallet  Type  Locomotives  for  the  Northern  Pacific  Ry.*      (18)      Sept.   6. 
."iO  Horse-Power  Petrol  Rail  Car,  Buenos  Aires  Western  Railway.*      (12)      Sept.   12. 
The   Manufacture   of   Rolling   Stock    in    Australia.      (12)      Sept.    12. 
Reconstruction   of   the  G.   W.    R.    Snowhill    Station,    Birmingham.*     F.    Gleadow    and 

C.   E.   Shackle.     (Paper  read  before  the  British   Assoc.)       (12)      Sept.  12. 
Vickers   Patent  S.  B.  System  of  Train  Lighting.*     (26)      Sept.  12. 
Huge  Locomotives   for   the   Natal   Coal   Trafiic.*      (22)      Sept.    12. 
Fishbolts  and  Nuts  for  Railway  Rails.      (From  Report  of  the  British  Eng.  Standards 

Committee.)       (22)      Sept.    12. 
Construction   of  the   Portland,   Eugene  &   Eastern.*      (15)      Sept.   12. 
Locomotive  Tractive  Efforts.      H.   A.   Houston.      (15)      Sept.    12. 
The    North    Haven    Collision.      (15)      Sept.    12. 
Heavy    Locomotives    for    South    Africa.*      (23)      Sept.    12. 
Grade   Revision   from   Paris  to   Winchester.   Louisville  &   Nashville  Reconstruction   in 

Kentucky.*      (14)      Sept.    13. 
The    Maintenance    and    Operation    of    Superheater   Locomotives.*     Gilbert    B.    Ryder. 

(Paper  read  before  the  Ry.  Club  of  Pittsburgh.)       (19)      Sept.   13. 
Commission   Control   of   Public   Utilities.      John   H.    Roemer.      (Paper   read  before  the 

Assoc.  Island  Meeting.)       (27)      Sept.  13 
Flood    Damage   to   the   Pennsylvania   Lines   West.*      (18)      Sept.    13. 
Tests  of  Titanium   Rails.*      (18)      Sept.  13. 
.\ftermath   of    the    New   Haven    Wreck.      (18)      Sept.    13. 
Specifications    for    Maps    and    Profiles    for    Federal    Valuation    of    Railroads.      (14) 

Sept.    13. 
The    Abatement    of    Locomotive    Smoke.      D.    F.    Crawford.      (Paper    read    l>efore    the 

Inter.   Assoc,   for  the  Prevention  of  Smoke.)       (62)      Sept.   15. 
Construction    Plant  and  Methods   Used   in   Excavating  a   Tunnel   at   Montreal   for   the 

Canadian   Northern  Ry.*     (From  Mine  and  Quarri).)       (86)      Sept.   17. 
Experiments   in   the   Preservative  Treatment  of   Red   Oak   and   Hard   Maple  Crossties. 

(86)      Sept.   17. 
.New  Coal  Classification  Yards  of  the  Philadelphia  &  Reading  Ry.  at  St.  Clair,  Penn.* 

Joseph   S.   Ward.      (13)      Sept.    18. 
Railway  Efficiency.    A.  Crumpton.    (Paper  read  before  the  Canadian  Ry.  Club.)       (96) 

Sept.   18. 
An   Interesting  Transportation   System.*      (15)      Sept.   19. 
Rail  Anchor  Testing   Machine.*      (IS)      Sept.   19. 
Concrete   Buildings  on   the   Lackawanna.*      (15)      Sept.    19. 
Economies    of   Track    Labor.     H.    R.    Safford.      (Paper    read    before    the   Roadmasters' 

and   Maintenance  of  Way  Assoc.)      (IS)      Sept.   19. 
The  Internal-Combustion   Engine  Applied  to   Railway   Locomotion.     F.   W.    Lancaster. 

(Paper  read  before  the  British  Assoc.)       (11)      Sept.   19. 
Articulated   Locomotives   for  the  Antofagasta    (Chili)    &   Bolivia   Railway   Company.* 

(23)      Sept.    19. 
Compressed-Air  Locomotives  in  Tunnel  Construction.*    E.  C.  Amos.      (23)      Sept.  19. 
Box  Wagon  for  Grain   and   Coal  Traffic,  Canadian   Pacific  Railway.*     (23)     Sept.    19. 
Xew   0-6-0   Type   Tank    Engine,    L.    B.    &    S.    C.    R.*      (23)      Sept.    19. 
Carriers"  General  Suggestions  for  Railroad  Valuation.      (14)      Sept.  20. 
Oil-Spraying    Machine    for    Track.*      (14)      Sept.    20. 
The   First    Diesel   Locomotive.*       (46)    Sept.    20;    (64)    Sept.    30. 

Powerful   Articulated   Narrow   Gage  Locomotives   for  Tasmania.*      (19)      Sept.   20. 
Newark-Trenton    High    Speed    Line*      (17)      Sept.    20. 

Hvpothetical    Electric    Interurban    Railways.      Louis    E.    Fischer.      (17)      Sept.    20. 
New   Shops   for  the   Rochester.   Syracuse  &   Ea.stern   Railroads.*      (17)      Sept.   20. 
Pacific   Tvpe  Locomotive   for  the  Baltimore  &  Ohio   R.   R.*      (18)      Sept.   20. 
Collision  "on  the  Pennsylvania  Railroad   at  Tyrone,   Pa.*      H.   W.    Belnap.      (Abstract 

of  Report  to  the  Interstate  Commerce  Comm.)      (18)      Sept.   20. 

•Hlustrated. 
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Kailroads     'Continued). 

Gasoline    Freight    and    Switching    Locomotive    for    the    Minneapolis    &    Northern    Ry.* 

(18)      Sept.     2(1. 
SafegunrdinR  Overhead  Transmission.      F.  A.   Barker.      (From  American   Industries.) 

(18)      Sept.    20. 
Increasing    Freight    Car    Performance.      C.    C.    Riley.      (15)      Sept.    2<',. 
Specifications  and   Rules  for  Douglas  Fir  Car  Material.      (IS)      Sept.   26. 
Organization  for  Handling   Refrigeration   Transportation.      J.   S.  Leeds.      (Paper   read 

before  the  Third    Inter.   Congress  of   Refrigeration.)       (15)      Sept.   26. 
Large  Passenger  Locomotives  for  the  C.  &  O.      (IS)      Sept.  26. 
Drop  Test  of  Heat  Treated  Chrome  Vanadium  Wheels.*      (15)      Sept.   26. 
Continuation   of  Louisville  &   Nashville   Improvements   in   Eastern   Kentucky.*      (14) 

Sept.    27. 
Concrete  Ice  Hou.se  for  the  Northern  Pacific  Ry.  at  Pasco,  Wash.*      (18)      Sept.   27. 
Report  on   Hays  Mill  Wreck:     Transverse  Fissures  in   Steel  Rails.*     (18)      Sept.  27. 
The    New    Haven    Collision    of    September    2iid.    1913.       (Abstract    of    Report    of    the 

Interstate   Commerce  Comm.)       (18)      Sept.    27. 
The    Simplex    System    of    Electriflcation    of    Works    Railwavs.*     F.    H.    Diehl.      (62) 

Sept.   29. 
La  Nouvelle  Gare  Centrale  de  Copenhague.*      (33)      Aug.   23. 
Locomotive   type    "Pacific"    Compound,    a    Quatre   Cylindres   et   a    Surchauffe.*      (34) 

_  Sept. 
NouVelle  Gare  Centrale  de  New- York.*      (38)      Sept. 
Transformations  Faites  sur  les  Anciennes  locomotives  de  la  Compagnie  des  Chemins 

de  Fer  Portugais.*      Henry  Lavialle  d'Anglards.      (38)      Sept. 
Le  Reseau  Oranais  de  I'Etat  (Alg6rie).*      P.  Caufourier.      (33)      Sept.  6. 
Die  erste  Thermo-Lokomotive.*     F.    Sternenberg.      (48)      Aug.    23. 
Zur     Erciffnung     der     Lotschbergbahn      (Bern-Lotschberg-Simplon)  .*       Oder.       (40) 

Aug.   23. 
Der  Massenausgleich  des   Kuppelstangen-antriebs  bei   elektrischen  Lokomotiven.*      J. 

Buchli   und   J.    Rebstein.      (107)      Aug.   23. 
Umbauten    am    Bahnhofe   Stralsund.*      H.    Martin.      (78)      Aug.    25. 
Diesel-Elektrische    Triebwagen    der    schwedischen     Staatsbahnen.*      (102)      Sept.     1. 
Einphasenwechselstrom-Kommutatormotor    fiir    Hauptbahnbetrieb.*      E.    F.    W.    Alex- 

anderson.      (41)      Sept.    4. 
Neuerungen  auf  dem  Gebiete  der  Unterwassertunnels.*      Fritz  Steiner.      (53)      Serial 

beginning   Sept.    19. 

Railroads,  Street. 

Rapid    Transit    Development    in    Berlin    and    New    York.*      (17)      Sept.    6. 

T-Rail    in    Paved   Streets.*      R.   C.   Cram.      (17)      Sept.    6. 

Floating   and   Sinking  the  Harlem   River   Section   of   the   New   York   Subway.*      (14) 

Sept.    13:     (46)      Sept.    27. 
New    3  000-Kw.    Substation    in    Fort   Worth,    Tex.*     (17)      Sept.    13. 
The    New    York    City    Brake    Order.      J.    N.    Dodd.      (17)      Sept.     13. 
Niagara    Power  for  the   International    Railway  Company.*     (17)      Sept.   13. 
Gisbert    Kapp    on    Progress    in    Heavy    Electric    Traction.      (Paper    read    before    the 

British   As.soc.)       (17)    Sept.   13;    (26)    Sept.  19;    (73)    Sept.   12;    (47)    Sept.    12: 

(11)    Sept.    12  ;    (12)    Sept.    12. 
New   Carhouse   and   Shops   at  Dayton,   Ohio.*     (17)      Sept.    20. 

New  Light-Weight  Express  Cars  of  the  Bay  State  Street  Railway.*  (17)  Sept.  27. 
Maintenance  Costs  of  Old  and  New  Railway  Motors.  .7.  C.  Thirwall.  (17)  Sept.  27. 
.\11   Steel  Cars  for  the  Union  Traction   Company  of  Indiana.*      (17)      Sept.   27. 

Sanitation. 

The    Baltimore    Sewerage    Pump    Valve.*      A.    F.    Nagle.      (55)      Vol.    34. 
Ventilation    Standards    and    Ventilation    Methods.      R.    C.    Carpenter.      (Paper    read 

before   the    Bo.ston    Soc.    of   Civ.    Engrs.)       (1)       Sept. 
Sewage   Purification    at   Atlanta,    Ga.*      (60)      Sept. 
Methods  and  Cost  of  Sanitary  Sewer  Construction  at  Davenport,  la.      W.  S.  Anderson. 

(86)      Sept.    3. 
Typhoid  Fever  in  Large  American  Cities.*      George  A.  Johnson.      (13)      Sept.  4. 
Heating  Three  Small  Greenhouses.*      N.  S.  Arthur.      (101)      Sept.  5. 
Individual   Air  Supply  in   School  Ventilation.*      Frederick   Bass.      (Paper  read   before 

the    .4m.    Soc.    of    Heating    and    Ventilating    Engrs.)       (101)      Serial    beginning 

Sept.   5. 
Sewage    Disposal    at    Stratford-on-Avon.      Herbert   D.    Bell.      (Abstract    from    Annual 

Report.)       (104)      Sept.    5. 
Launching  a  Submerged  Sewer  Outfall   at  Ocean  Grove.*      Marshall   R.    Pugh.      (14) 

Sept.   6. 
Sewage   Disinfection    in    Philadelphia.    Details   of   Apparatus   for   Treating   Effluent   of 

Pennypack   Creek  Works.*      W.    L.    Stevenson.      (14)      Sept.    6. 
The  Development  of  Sewage  Disposal  Practice.      E.  Sherman  Chase.      (96)      Sept.  11 
Brick    Storm    Sewer    at    Cedar   Rapids,   Construction    Involved    Use   of   Mounted    Arch 

Center  and  Drag-Line  Excavator.*      (14)      Sept.  13. 


•Illustrated. 
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Sanitation  - 1  Continued). 

Cost  Keeping  as  Applied  to  Municipal  Management  of  Street  Cleaning.    .1.  W.   Paxton. 

(Paper  read  before  tlie  Am.   Public  Health  Assoc.)       (86)      Sept.   17. 
Kecent   Progress  in  Methods  and  Character  of  Street  Cleaning.    S.   Whinery.     (Paper 

read   before   the   Am.    Public   Health   Assoc.)       (86)      Sept.    17. 
A  Classification  of  Materials  Encountered  in  Excavation  Operations  Which  Has  Been 

Successfully    Employed    on    Sewer    Construction.      William    O.     Lichtner.      (86) 

Sept.   17. 
Reasonable   Requirements  for  the   Sanitary  Control  of  Waterways.     (Report  of  Com- 
mittee of  the  Am.   Public  Health   Assoc.)       (86)       Sept.   17. 
Rules    and    Regulations    of    the    New    Jersey    State    Board    of    Health    to    Govern    the 

Preparation    and    Submission    of    Designs    for    Sewerage    Systems    and    Disposal 

Works.      (86)      Sept.    17;      (J4)     Sept.    6;      (13)     Sept.    18. 
Studies  in  Air  Washing.    George  C.   Whipple  and  Melville  C.  Whipple.     (Abstract  of 

paper  read  before  the  Am.   Public  Health  Assoc.)       (13)      Sept.   18. 
Sewage  Treatment  Plant  for  a  Sanatorium.*    P.  H.   Norcross.      (13)      Sept.   18. 
Plumbing  in  a  Tall  Bank  Building.*      (101)      Sept.   19. 
The    Utilisation    of    Sewage    in    Agriculture.     J.    Grossman.      (Paper    read    before    the 

British    Assoc.)       (29)      Sept.    19. 
Fresh  Sludge  and  Decomposed  Sludge.*    Hermann   Bach  and  Leslie  C.   Frank.      (14) 

Sept.   20. 
Appendix  to   Royal  Commission's  Eighth   Sewage  Report.      (14)      Sept.   20. 
Heat   Transmission   with    Pipe  Coils   and    Cast-Iron   Heaters   under  Fan    Blast  Condi- 
tions.*    L.   C.    Soule.     (Abstract   of  paper  read  before  the  Am.    Soc.   of  Heating 

and  Ventilating  Engrs.)       (64)      Sept.   23. 
Cleaning  Streets  in  Washington.   Methods  Used  Include  Hand  Patrol,  Machine-Broom 

Cleaning,   Squeegees   and   Flushing.     J.   W.   Paxton.      (14)      Sept.   27. 
Versuche   mit    grossen    durch    Blattfedern    gefiihrten    Ringventilen    fiir   Kanalisations- 

pumpen   und   Beitrage  zur  Dynamik  der  Ventilbewegung.*     Kurt   Schoene.      (48) 

Aug.   9. 
Verwendung    des    Ozons    bei    der    Liiftung,    Ergebnisse    der    Praxis.*     Ludwig    Ad.    v. 

Kupffer.     (Paper  read  before   the  Congress   for  Heating   and   Ventilation.)       (7) 

Aug.  16. 
Die   Konstruktion   der  Absitzbecken.*     R.   Hauptner.      (7)      Aug.   30. 
Die    Kanalisation    der    Stadt    MarosvAsArhely    in    Ungarn.*     Emerich    Forb&th.      (7) 

Sept.    6. 

Structural. 

Tests  of  Chillable  Irons.*    Thos.   D.  West.      (55)      Vol.  34. 

Strength  of  Steel  Tubes,   Pipes  and  Cylinders  Under  Internal  Fluid   Pressure.*     Reid 

T.    Stewart.      (55)      Vol.    34. 
The   Applications  of   Polarized   Light  to   Mechanical   Engineering   Problems   of   Stress 

Distribution.*     E.    G.    Coker.      (75)      .Jan. 
The  Design  of  a  Gasholder.*      (66)      Serial  beginning  Aug.  26. 

A  Combined  Office  and  Workshop.*  F.  Southey,  Assoc.  M.  Inst.  C.  E.  (12)  Aug.  29. 
Factory  Building  with  Reinforced  Concrete  Interior  Construction.*  (12)  Aug.  29. 
Partitions    for   Factories    and    Industrial    P,uildings.*      Henry    Grattan    Tyrrell.      (9) 

Small  Dwellings  Acquisition  Act.    .1.  L.  Redfern.     (Paper  read  before  the  Institution 

of   Municipal    and    County    Engrs.)       (104)      Serial    beginning    Sept.    5. 
The  Strength  of  Hooks  and   Similar  Curved   Beams.*      (11)      Sept.   5. 
Determining    Proportions    of    Concrete    Mixtures    After    Hardening.      H.    Burchartz. 

(14)      Sept.   6. 
Suspended    Grillage    Foundation    of   Thirteen-Story    Building.      (14)      Sept.    6. 
The   Erection    of   the   Structural    Steel    for   a   Large    Boiler   House.     Alden   W.   Welch. 

(86)      Sept.   10.  ^  .    *       ,o^> 

Results  of  Some  Tests  to  Determine  the  Pressure  Exerted  by  Wet  Concrete.*       (86) 

Sept.    10. 
Valuation   of   Buildings.     Robert   H.    Overstreet.       (13)       Sept.   11.  j    ».   ,  »,, 

The   Housing    Problem    and    Its    Solution.     Reginald    Brown.     (Paper   read   before   the 

Institution  of  Municipal  and  County  Engrs.)  (104)  Serial  beginnmg  Sept.  1^. 
Erection  Derricks  Supported  Independently  of  Concrete  Floors.*  (14)  Sept.  16. 
Reinforced    Brick    Is    Cheaper    Than     Concrete.*      Nathaniel     Ellery.      (Paper    read 

before  the   Insurance   Soc.   of   America.)       (76)      Sept.   15.        .,._.„. 
Special    Concrete    Foundations    in    the    Manila    Port    District.*      John    W.    Graham. 

(From    Quarterly    Bulletin,    Bureau    of    Public    Works,    Manila,    P.    I.)       (13) 

FactorT  Causing  Unsatisfactory  Housing  and  Their  Prevention.*  G.  Bertrana  Hart- 
free.  (Paper  read  before  the  Institution  of  Municipal  and  County  Engrs.) 
(104)      Serial    beginning    Sept.    19.  .        ,,..    u      .    o    i:.    vt-.oi.. 

The  Powell  Saccharine  Process  for  Seasoning  and  Preserving  Timber.*    R.  l!-.   Neaie. 

(26)        Sept.    19.  „        ^  ,.nt\        a       t.      ia 

Values  of  Paints  in   Protecting  Metals.*    Henry  A.  Gardner.      (»0')^  Sept.   13- 
The    Compressive  ■  Strength    of    Concrete    and    Stone.*      Ewart    S.    Andrews.      (IZ) 

Sept.   19. 

•Illustrated. 
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Structural  -^Continued). 

Constructing  a  Ten-Story  Concrete   Building.*     (14)      Sept.    20. 

Reinforced   Concrete  Coal   and   Ash   Bunker   for  the  Seelbach  Hotel,    Louisville,    Ky.* 

G.    D.    Crain.    Jr."     (86)      Sept.    24. 
Bending   Moments   in    Flat    Slabs.     V.   J.    Elmont.      (96)      Sept.    25. 
Armature  des  Pieces   Fl^chies  de  Hauteur  Reduite   en   Beton   Arm6,    Formules   de   M. 

Lebrec*      A.   Goupil.      (43)      July. 
Determination   Complete  sur  un   Module   Reduit  des   Tensions  qui  se  Produiront  dans 

un  Ouvragc  ;   Utilisation  de  la  Double  Refraction  Accldentelle  du  Verre  a  I'Etude 

des  Efforts  Int^rieurs  dans  les  Solides.*  Mesnager.  (43)  July. 
Ueber  Tragheitsmomente.*  Ramisch.  (81)  Serial  beginning  Pt.  5. 
Befestlgung  dcr  Fenster-und  Torflugel.*  C,  Wilcke.  (81)  Pt.  5. 
Veriinderungen  statisch  unbestimmter  eiserner  Dachbinder  in  statlsch  bestlmmte  und 

neue     graphische     Bereehnungen     zur     Spannungsermittelung.*      Martin     Gsell. 

(81)      Serial   beginning   Pt.    5. 
Die    Neubauten    der    Gross-Brauerei    Dischingcr    am   neuen    Hauptbahnhof    in    Darm- 
stadt.*     Steinberger.      (51)      Sup.    No.    17. 
Die    1  000    t-Materialprilfmaschine,     Bauart    Emery,    des    Bureau    of    Standards    in 

Washington.*      M.  Kurrein.      (48)      July   19. 
Einiges  iiber  die  Lebensdauer  von  Verzinkungspfannen.*     C.   Diegel.     (48)      July  19. 
Einiges    ilber    die    Berechnung   von    aus    Rechtecken    zusammengesetzten    Fachwerken 

mit    Hilfe    der    Clapeyronschen    Gleichungen.      Ph.     Leip.      (78)      Aug.    25. 
Ueber    Nebenspannungen    bei    Eisenbetonunterziigen.*      H.    Marcus.      (40)      Aug.    27. 
Berechnung      von      Fundamenten      unter      Beriicksichtigung      der      Elastizitat      des 

Baugrundes.*      Otto   Frohlich.      (78)      Serial  beginning  Sept.    13. 
Schwere   Betonfundlerungen   auf   HUttenvferken.      W.    Schomburg.*      (78)      Sept.    13. 
Zur  Frage  der  Haftspannungsberechnung.*      W.  Petry.      (78)      Sept.  13. 
Dreissig   Kesselbleche   mit   Rissbildung.*      R.    Baumann.      (50)      Sept.    18. 

Topographical. 

Precise  Leveling  in  New  York  City.*  Frederick  W.  Koop.  (Abstract  of  paper  read 
before  the  Municipal  Engrs.  of  the  City  of  New  York.)      (13)      Sept.  4. 

.\n  Aviation  Map  of  the  World  and  Marks  for  Aviators,  Based  on  the  International 
World   Map.*      (19)      Sept.   20. 

Some  Practical  Examples  of  Provincial  Land  Surveying.*  J.  A.  Macdonald.  (96) 
Sept.   25. 

Water  Supply. 

The    Current    Meter    Rating    Station    at    the    Irrigation    Office,    Department    of    the 

Interior,   Alberta,*     F.    H.    Peters.      (5)      Vol.    2fi.    Pt.    2. 
The  Hydro-Electric   Plant  of  the  Sherbrooke  Railway   and   Power   Company   at   Sher- 

brooke.*    C.   L.  Gate.      (5)      Vol.   26.   Pt.   2. 
The    V -Notch    Weir    Method    of    Measurement.*     D.    Robert    Yarnall.      (55)      Vol.    34. 
The  Reduction  in  Temperature  of  Condensing  Water  Reservoirs  Due  to  Cooling  Effect 

of  Air  and   Evaporation.*     W.   B.    Ruggles.      (55)      Vol.    34. 
On   the  Control   of  Surges   in    Water   Conduits.*     W.    F.    Durand.      (55)      Vol.    34. 
Speed   Regulation   in   Hydro-Electric   Plants.    Wm.   F.   Uhl.      (55)      Vol.    34. 
Sulzer   Bore-Hole    Centrifugal    Pumps.*      (22)      Aug.    29. 
Concrete    Construction    in    Dalton.    Ga.,    Water-Works.*      (60)      Sept. 
Reinforced    Concrete    Stand    Pipe    at    Belton,    Texas.*     Thomas    L.    Fountain.      (67) 

Sept. 
California's  Great  Dam.*    Clovls  A.  Farnsworth.      (10)      Sept. 

Pure  Drinking  Water:    the  Wonderful  Success  of  the  "Otto"  System  of  Water  Ster- 
ilization  and   Purification.*     Austin   C.    Lescarboura.      (10)      Sept. 
Animal    Growths    in    Water    Pipes.     Samuel    C.    Chapman.      (Abstract    of    paper    read 

before   the   Inst,   of   Water   Engrs.)       (66)      Sept.    2. 
Some    Features    of    Engineering    Appraisement    of    Water    Works    Properties,     with 

Special    Reference   to   the   Appraisements   for   Rate    Readjustment   at   Chillicothe, 

O.,    and   Texarkana,    Ark.,    and   Texas.     Philip    Burgess.     (Paper   read   before   the 

Central    States    Water    Works    Assoc.)       (86)       Sept.    3. 
The   Elimination  of  Tastes   in   Water  Which  Has   Been   Treated  with  Hypochlorite  of 

Lime,    Quantitative    Data.      (86)      Sept.    3. 
The    Classification    of    Inventory    for    Water    Utilities    and    the    Inspection    of    Water 

Works  Systems  by  the  Wisconsin   Railroad   Commission.     W.   D.    Pence.     (Paper 

read  before  the   Indiana   Water  Supply  Assoc.)       (86)      Sept.   3. 
Water- Works    Organizations    and    Operating    Methods;     St.     Paul,     Minn.,     and    San 

Diego.   Calif.*     (13)      Sept.   4. 
Drastic  Provisions  of  the  San  Diego.  Calif.,  Water- Works  Ordinance.      (13)     Sept.  4. 
The   Proposed   Reforestation   of  the   Cedar  River  Watershed,    Seattle   Water-Supply.* 

(13)      Sept.   4. 
The   Problem   of   Finding  the   Proper  Turbine  Capacity  to   be   Installed    at  a  Water- 

Power  Site.*     Clemens  Hcrschel.      (13)      Sept.   4. 
Lining    an    Irrigation    Ditch    with    Hess    Metallic    Fluming.*      Elbert    M.    Chandler. 

(13)      Sept.   4. 
Neglected  First  Principles  of  Masonry  Dam   Design.*    George  Holmes   Moore.      (13) 

Sept.  4. 

•Illustrated. 
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Water  Supply     ^Continued'. 

ClU'mii;U  and  Bacteriological  Examination  of  Ix)iidoii  Waters.  A.  C.  Ilouston.  (From 
Report  to  the  Metropolitan   Water   Uoard.)       (104)      Sept.   5. 

Electric    Thawing   of    Frozen    Water   Pipes.*      (14)      Sept.    6. 

Lime  Sterilization  of  Water,  Results  of  Research  Work  Conducted  at  the  Columbus 
Water-Purification    Plant.     Charles   P.   Hoover.      (14)      Sept.    6. 

Permanent  Water  Supply  for  Cherryvale,  Bringing  Water  6  Miles  and  Filtering  It 
for  a  Town  of  6  UOU  in  Kansas.*       (14)       Sept.   6. 

Hauling  Submerged  Water  Main  with  Steam  Winch.*     (14)      Sept.   G. 

Automatic  Chemical  Feeder.*      (14)      Sept.   G. 

Construction  of  Arrowrock  Dam.*  M.  G.  Doll.  (Abstract  from  Mine  and  Quarry.) 
(14)      Sept.   6. 

Self-Supporting  Arch  Pen.stock.*      (14)      Sept.  6. 

Preliminary  Studies  for  the  Development  of  a  300  000-H.  P.  Hydro-Electric  Plant 
at  the  Dalles  of  the  Columbia  River.*  L.  F.  Harza  and  V.  H.  Reineking.  (Ab- 
stract  of   Report   to   the   State   Engineer.)       (86)      Sept.    10. 

Results  of  Experiments  on  Aeration  Nozzles  for  the  New  Mechanical  Water  Filtra- 
tion   Plant    at    Baltimore,    Md.*      (86)      Sept.    10. 

.■V  Study  of  Irrieiation  Heads  in  the  Modesto  and  Turlock  Irrigation  Districts,  Cali- 
fornia.    (13)      Sept.    11. 

Rapid  Construction  on  Medina  Valley  Irrigation  Project  in  Texas.*    Terrell  Bartlett. 

(13)  Sept.  11. 

A   T5-Year   Record   of  Rainfall  ;    St.   Paul,   Minn.     (From   Report  of   Board   of  Water 

Commrs.,  St.   Paul.)       (13)      Sept.   11. 
A    New   Device  for   Locating  Leaks   in   Water  Mains.*      (13)      Sept.    11. 
A  Water  Supply  for  Winnipeg.    Rudolph  Herine;,  Frederic  P.   Stearns,  and  James  H. 

Fuertes.     (Abstract  of  Report  to  the  City  of  Winnipeg.)       (96)      Sept.   11. 
Determining  Power  Possibilities  on  a  Watershed.*    Lyle  A.  Whitsit.      (  13)      Sept.  11. 
Progress    in    the    Investigation    of    the    W'ater    Powers    of    British    Columbia.     Arthur 

V.   W'hite.     (From   Report   made  to   the  Conservation   Comm.   of  Canada.)       (90) 

Sept.   11. 
Irrigation  in  Oregon.    John  H.  Lewis.     (Paper  read  before  the  Western  Canada  Irrig. 

Assoc.)       (96)      Sept.   11. 
Concrete  Dam  Construction  near  Trenton,  Ontario.*      (96)      Sept.  11. 
Diesel   Engine  Pumping  Station  at  the  Gladstone  Dock,   Liverpool.*      (11)      Sept.   12. 
Water    Purification.     George    W.    Fuller   and   others.     (Report   of   Comm.    to    the   Am. 

Public  Health  Assoc.)       (14)      Sept.   13. 
Negative-Head   Patent   Decision,  Opinion  of  the  Circuit  Court  in  Case  of  Mechanical 

Filters   at    Harrisburg.      (14)      Sept.    1.3. 
Surge  Tank  at   San   Francisquito   Power  Station   No.    1.*     (14)      Sept.   13. 
Uniformity   in   Water-Supply   Plans,   New  Jersey  State  Board  of  Health's  New  Regu- 
lations.     (14)      Sept.   13. 
Opening    of   the    World's    Greatest    Power    Plant    (Keokuk,    Iowa).*      (46)      Sept.    13. 
Data    on    the    Condition    of    Mechanical    Filter    Wash    Water.     L.    A.    Fritze.      (Paper 

read  before  the  Am.   Public  Health  Assoc.)       (86)      Sept.  17. 
Notes  on  Water  Softening  and  Decolorization  with  Special  Reference  to  Methods  Em- 
ployed at  the  Grand  Rapids,  Mich.,  Filtration  Plant.    Walter  A.  Sperry.     (Paper 

read   before   the   Am.    Public   Health   Assoc.)       (86)      Sept.    17. 
.Votes  on   the  Prevention  of  Iron  Corrosion.    W.  F.  Monfort.     (Paper  read  before  the 

Am.    Public   Health   As.soc.)       (86)       Sept.    17. 
Determinations  of  Real   and  Doubtful  Value  in  the  Routine  Waaler  Analyses  Usually 

.Made  in  Connection  with   Sanitary  Surveys.    H.  E.  Barnard.     (Paper  read  before 

the   Am.    Public    Health    Assoc.)       (86)      Sept.    17. 
The  Water  Supply  of   Edmonton,   Alta.    Willis   Chipman.     {From    Report  to   the  City 

of    Edmonton.)       (96)      Sept.    18. 
A  New  Portable  Hand  Pump.*      (12)      Sept.  19. 

Puntledge  Hydroelectric   Power  Plant.*      (14)      Serial   beginning   Sept.   20. 
Butterfly  Gates  for  the  San  Francisquito   Power  Station   No.    1.*      (14)      Sept.   20. 
Narrows   Siphon   of   the   Catskill   Aqueduct,    Flexible-Joint   Submarine    Pipe   Line,    36 

Inches  in   Diameter  and  10  000  Feet  Long.*    Alfred  D.  Flinn,  M.  Am.  See.  C.  E. 

(14)  Sept.    20. 

Groundwater    Movements,    Drainage    Methods    and    Open    Channel    Drainage.     Louis 

Schmeer.      (86)      Sept.    2-1. 
Winnipeg   Rainfall.    F.   Hill    Parr,    M.    Inst.   C.   E.     (96)      Sept.    25. 
The  Proposed   Shoal   Lake  or  Greater  Winnipeg  Aqueduct.      (13)      Sept.   25. 
LAqueduc    des    Pouillos    (Italie    Meridionale)  .*     Gennaro    Fattorini.      (33)      Aug.    23. 
Untersuchungen     iiber    die     Stromungsvorgange     im     Steigrohr    eines     Druckluftwas- 

serhebers.*     K.    Hoeber.      (48)      July    26. 
Das    Kraftwerk    Wyhlen    der    Kraftiibertragungswerke    Rheinfelden    A.-G.*      E.    Frey 

und  O.   Albrecht.      (41)      Serial   beginning  Sept.    11. 

Waterways. 

The    Protection   of   the   Foreshore   at   Dallas    Road.   Victoria,    B.    C*      G.    M.    Duncan. 

(S)      Vol.    26.   Pt.    2. 
Dredger    for   the    Egyptian    Delta.*      (12)      Aug.    29. 

•Illustrated. 
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Waterways  — (Continued ). 

Construction  of  the  Scotia  Lock  and  Dam  Across  the  Mohawk  River  near  Schenectady, 

N.    Y.'      (86)       Sept.    3. 
Hucket   Ladder   Excavators  on  the  Spanl.sh   Canal   Alfons   XIII,    from   Seville    to   the 

-Vtlantic*      (80)      Sept.   3. 
An   Interesting  Pile  Failure.*    John  W.   Cunningham.      (13)      Sept.   4. 
Large   Clam-Sholl    Dredges  ;    Levee    Building   Methods   and   Standards   in    California.* 

Fred    H.    Tibbetts.      (13)      Sept.    4. 
Panama    Spillway   and   Culvert   Gate   Parts.*      (72)      Sept.   4. 
Coast   Sand   Dunes,   Sand  Spits  and   Sand  Wastes.*      Gerald   O.   Case.      (104)      Serial 

beginning    Sept.    5. 
Commonwealth  Pier  5.   Boston,  a  400  x  1  200-Foot  Pier  with  a  Two-Story  Steel  Shed 

on    Solid    Fill     and    Pile    Foundations    between    Docks    40    Feet    Deep.*      (14) 

Sept.    6. 
St.      Lawrence      Ship      Channel      Improvements.*      Harry      Chapin      Plummer.      (46) 

Sept.   6. 
The    Cape    Cod    Canal.*      (46)      Sept.    G. 
Design     for    the     Foundation     of     150-Ton     Shear-Legs.       Leonard     Goodday.      (96) 

Sept.    11. 
Harbor    Construction    at    Kobe    and    Yokohama,    Japan.*      Wilson    T.     Howe.      (13) 

Sept.    IS. 
Pier   for   Outer   Harbor   at   Chicago.*      (13)      Sept.    18. 
The   Water   Level    of   Lake  Erie.*      (Report  of  the   Inter.   Waterways   Comm.)       (96> 

Sept.   18. 
Present    Stage   of    Construction   on    the    New   York   State    Barge    Canal.      Emile    Low. 

(13)      Sept.     IS. 
The  Aerial   Propulsion  of  Barges  on  Canals.      L.   Blin  Desbleds.      (Paper  read  before 

the    British    Assoc.)       (12)       Sept.    19. 
Coast    Erosion    in    Cumberland.*      (104)      Sept.    19. 
Harbour    Projections    and    Their    Eftect    Upon    the    Travel    of    Sand    and    Shingle.* 

Ernest    R.    Matthews.      (Paper    read    before    the    British    Assoc.)       (11)      Serial 

beginning    Sept.     19. 
How    Not    to    Build    a    Retaining    Wall.*      (14)      Sept.    20. 
Calculation   of   Docks   and    Bulkhead   Walls.*      (14)      Sept.    20. 
Method  and  Cost  of  Operating  Hydraulic  Pipe-Line  Dredges  on  the  Upper  Mississippi 

River.*      Charles    W.    Durham.      (86)      Sept.    24. 
Proposed    Plan    for    Flood    Protection    at    Columbus,    Ohio.*      John    W.    Alvord    and 

Charles    B.    Burdick.      (From    Report    made    to    the    City    of    Columbus.)       (86) 

Sept.    24;    (13)    Sept.   25;    (14)    Sept.   27. 
Chinese      Famine      and      Proposed     Flood      Prevention.*      Charles      Davis      Jameson. 

(Abstract  of  Report  on    River,   Lake  and   Land  Conservancy.)       (13)      Sept.    25. 
Praktisuhe  Gefalleberechnung  bei  ungleichformiger  Wasserbewegung  in  Werkkanalen.* 

D.    Riimclin.       (81)      Pt.    5. 
Beobachtungs-und  Signalturm  im  Hafen  zu  Kiel.*      Paul  Muller.      (51)      Sup.  No.  16 
Herstellung  und  Verarbeitung  grosser  Betonmassen  auf  Grund  von  Erfahrungen   und 

Versuchen   beim    Bau   der   neuen   Ostseeschleusen   des   Kaiser   Wilhelm-Kanales.* 

Prietze.      (48)      Aug.    16. 
Der  Grossschiffahrtweg   Berlin-Stettin.*     Mattern.      (48)      Serial   beginning   Aug.    23. 
Eine  neue  Geschwindigkeitsformel   fiir  natiirliche  Flussgerinne.      Otto  Groger.      (53) 

Aug.   29. 
Versuche   am    Rhein-Herne-Kanal    (iber   die   Grosse   des    Wasserverlustes    durch    Ver- 

sickerung.*     .Manzke.      (40)      Aug.    30. 
Errichtung    eines    "Leuchtfeuerturmes"     in     Eisenbeton     am     Eingange     der    grossen 

Hafeneinfahrt   von   Alexandrien.*     W.    Stross.      (67)      Sept.    13. 

♦Illustrated. 
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COAL  PIERS  ON  THE  ATLANTIC  SEABOARD. 


By  J.  E.  Greiner,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  December  3d,  1913. 


Scope  of  the  Investication. 

On  tlie  Atlantic  Seaboard  from  Maine  to  Florida  there  are  four 
harbors  which  contain  ports  of  importance  where  coal  is  discharged 
directly  from  commercial  coal  piens  into  the  hatches  of  vessels.  These 
harbors  are  New  York,  Philadelphia,   Baltimore,  and  Norfolk. 

TluTc  iirc  13  ports,  embracing  29  coaling  plants,  in  New  York  Harbor; 

3  "  "  11        "  "        "      operation     and     2 
under  construction  in  Philadelphia  Harbor; 

4  ports,  embracing    8  coaling  plants,  in  Baltimore  Harbor; 
3       "  "  8        "  "        "      operation     and     2 

under  construction  in  Norfolk  Harbor; 

making  a  total  of  23  ports,  embracing  5G  plants  in  operation  and  4 
under  construction.  In  addition,  the  construction  of  new  plants  at 
Baltimore,  Philadelphia,  and  New  York,  is  under  consideration  at 
the  present  time. 

During  the  summer  of  1912  the  writer  was  retained  to  report  on 
the  facilities  of  these  plants.     With   the  assistance  of  his  staff,  each 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  numbor  of  Prorrcdinfis.  and.  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in   Trcnisaclions. 
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plant  was  examined,  and  investigations  were  made  concerning  its  out- 
put, capacity,  cargoes,  type,  tracks,  grades,  equipment,  construction, 
and  operation.  With  the  consent  of  his  client,  the  writer  submits  the 
substance  of  his  investigations,  with  the  hope  that  the  information 
collated  will  be  of  interest  to  the  members  of  the  Society  and  of  value 
to  those  concerned  in  the  delivery  of  coal  to  vessels. 

TABLE  1. — Data  Concerning 


Railway  or  operator. 

Location. 

Type. 

Eastern  Coal  Co  (P  R  R) 

South  Amboy,  N.J 

Loco.  Incline 

McMyler 

Grade 

Grade  and  Gravity. 

Loco.  Incline 

McMyler 

Loco.  Incline 

Grade 

Power  Incline 

McMyler 

Endless  Chain  Conv 

Power  Incline 

Loco.  Incline 

Power  Incline 

..A4 

..B3 

U                         11                                u 

1. 

..B2 

I.               ..                  .. 

.1 

..A2 

L   V.  R   R 

Perth  Amboy,  N.  J 

..A3 

..A3 

P  &  R.  Ry 

Port  Reading,  N.  J 

..A4 

..A6 

.. 

11 

..At) 

C.  R.  R.  of  N  J 

EUzabeth  Port,  N.J 

..A4 

..A4 

11                              u 

..A4 

Wilkesbarre  C.  Co.  ( C.  R.  R.  of  N  J.) 
B.  &  O.  R.  R.  Co 

..A6 

St.  George,  Staten  Island. . 

Port  Greenville,  N.  J 

Port  Liberty,  N.  J 

..B2 

..A4 

.1 

..A4 

p.  R.  R 

..A4 

North  River  Co  (C  R  R  of  N 

J.).. 

..Afi 

..A4 

Berwind- White  Co.  (P.  R.  R.) 
D.,  L.  &  W.  R.  R 

Harsimus  Cove,  N.J 

Hoboken,  N.J 

..A2 

..A8 

..B3 

.1 

11 

..B2 

1. 

11 

r.B5 

D.  &  H 

Weekawken,  N.J 

..A8 

O.  &  W.  R.  R 

Guttenberg,  N.  J 

..A4 

..A4 

Erie  R.  R 

Edgewater,  N.  J 

..A8 

.  .A8 

*  Maximum  capacity  of  pier  is  140  cars  of 
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The  principal  ilata  in  connection  with  these  piers  are  given  in  Tables 
1.  2,  3,  and  4,  wherein  the  discharge  is  the  maximum  estimated  capacity. 

Oi  TiTT  AM)  Capacity. 

The  domestic  and  foreign  shipnaents  of  coal  from  the  various  har- 
Imrs  (hiring  1911  arc  given   in  Table  ;"). 

IMkks  in   Xkw  Y()i:k  IIahijok. 


'5 

Si 

4) 

a 

Height, 
IN  Feet. 

Number  op 
Tracks. 

Grades. 
Percentage. 

Discharge. 

CO 

e8 

i 

< 

a 

0 

0 
Q 

4> 

<A 

ai 

4> 

0 

Cars  per 
10  hours. 

■5 

Si 

a 

S3 

I 

■< 

5 

1 
2 
3 
4 

•09 
'11 

1800 
"900 

17 
25 

85 
25 

'5 
8 
6 

2 

1 
1 

4 
'4 

i 
1 
2 

l.i) 
1.6 
0 

1.0 
12.0 
12.0 

0 

1.0 

1.6 

0 

1 
1 
1 
2 

16 

1 

1 

18 

200 
'166* 

'280 
200* 
120 

200 
280 
300 
120 

1 
2 

850 
750 

30 
26 

24 

20 

4 

4 

4 
4 

1 

1 

0.6 
0.6 

0.6 
0.6 

1.0 
1.0 

2 
2 

20 
20 

160 
140 

160 
140 

1 
2 
3 

'99 
'93 
'06 

550 
800 
900 

12 
35 
42 

18 
16 
24 

1 
2 
2 

3 

4 
4 

'2 
2 

1.0 
3.0 
3.0 

1.0 
1.5 
1.5 

sio 

3.0 

2 
2 
2 

16 
24 
36 

60 

"ieo 

180 

60 
160 
180 

1 
2 
3 

'06 

500 
5(K) 
900 

15 
15 
26 

20 
20 
40 

1 
2 
4 

3 
8 
4 

1.0 
1.0 
1.5 

1.0 
1.0 
1.5 

1 
2 
2 

4 
10 
24 

60 
SO 
190 

"io 

60 

80 
2(X) 

1  500 

33 

18 

a 

4 

2 

3.0 

1.5 

3.0 

2 

21 

250 

250 

1 
2 
3 

'05 

'400 
830 

34 
32 

34 
32 

1 

1 

1 
1 

3 
3 

1 

2.0 

12.0 
3.2 
3.5 

0' 
0 

1.5 

1 
2 
2 

1 
14 
6 

2fKl 
60 
40 

200 
()0 
40 

400 

29 

35 

2 

3 

2.5 

1.5 

2 

14 

200 

2(X) 

1 

1  700 
1600 

29 
30 

20 
30 

2 

2 

2 
4 

1 

2.5 
3.0 

1.5 

0 

2.5 

2 
2 

18 
6 

170 
20 

'i6(j 

170 

120 

17.50 

30 

80 

1 

3 

0 

0 

1 

20 

300 

300 

1 
2 
3 
4 

•C)8 
'03 
'03 

1  200 
1  280 
1  280 

88 
5 
5 
5 

25 
5 
5 
5 

2 

1 
1 

2 

1 
1 
1 

16.0 
See 

1.0 
detail 

1.0 
s. 

1 
1 
1 
2 

5 

1 

1 

18 

20 

2(10 

2(MI 

10 

20 
200 
200 

10 

'91 

1080 

36 

26 

2 

4 

1 

16.0 

1.3 

1.5 

2 

32 

1()0 

160 

1 
2 

600 
600 

29 
29 

35 
35 

2 

2 

4 
4 

1.5 
1.5 

1.0 
1.0 

2 
2 

12 
11 

120 
120 

120 
120 

1 
2 

'94 
'94 

RtO 
850 

40 
40 

30 
30 

2 
2 

4 
4 

1 
1 

16.0 
16.0 

1.5 
1.5 

2.0 
2.0 

2 
2 

12 
12 

120 
120 

120 
120 

2700 

1650 

4350 

anthracite,  or  800  cars  of  bituminous,  in  10  hours. 


1774                      COAL   PIERS   ON   THE   ATLANTIC    SEABOARD 

[Papers. 

TABLE  -2.— Data 

Concerning 

Height, 

*j 

a 

IN  Feet. 

o 
Z 

13 

Railway  or  operator. 

Location. 

Type. 

,Q 

cS 

□  »- 

» 

(Xi 

1 

® 

OS 

k" 

hJ 

J5 
03 

03 

Pennsylvania  R.  R 

Greenwich,  Phi  la 

Loco.  Incline A4 

1 

'75 

494 

21 

25 

11               1. 

11 

A4 

2 

"ii) 

4tW 

30 

U 

"               "    

"    

McMylert B3 

3 

'13 

800 

14 

14 

n                        n 

"              ■'    

Loco.  Incl A4 

4 

'75 

041 

28 

42 

"    

"             "    

Power  Incl AS 

« 

•01 

735 

72 

66 

B.  &0.  R.  R.  Co 

Jackson  St.,  Phila 

Loco.  Incline A6 

1 

'93 

600 

37 

33 

Piiila.  &  Reading  Ry... 

Port  Richmond,  Phila. 

Grade  App.  &  Ret.  AS 

4 

'40 

188 

31 

21 

11               I.          .1 

A2 

S 

■tjo 

:^43 

22 

27 

11                            n                  i. 

A2 

10 

'GO 

239 

20 

22 

.1                 11           11 

Loco.  Incl A4 

11 

'97 

760 

42 

51 

U                                  11                      11 

il                          11                               u       ^ 

Grade  App.  &  Ret.  A2 

12 

'65 

201 

21 

22 

li                              .1                    u 

11              ..                  ., 

Loco.  Incl A6 

1(1 

'92 

714 

38 

30 

'■      t A4 

18 

'12 

765 

54 

62 

*  Includes  maximum  capacities  of  piers  under  construction. 


TABLE  y. — Data  Concerning 


Railway  or  operator. 


B.  &0.  R.  R.  Co 

West.  Maryland  Ry 

Pennsylvania  R.  R 

Georges  Creek  Coal  Co.,  B.  &  O 

R.  R 

B.  &0.  R.  R.  Co 

Merchants  Coal  Co.,  B  &  O.  R.  R. 


Location . 


Curtis  Bay,  Balto 

Port  Covington,  Balto 

Clinton  St.  (Canton  i 

Foot  Potomac  St.  (Cantoni 

Locust  Point,  Balto 


Type. 


Loco.  Incline  A6 

Power  Incline  AS 

Loco.  Incline  A6 
A4 
A4 


Loi'o.  Incline  A4 
A4 

A4 


o 

~ 

S5 

3 

fi 

D 

S-i 

Oi 

>* 

— 

'00 

'05 

'87 

3 

■87 

4 

'87 

'87 

'93 

'87 

800 

735 

790 
398 
392 


248 
400 
150 


PiKKS    IN 

COAL    I'IKKS 
I'JIILAUELl'lU.V 

ON    iiii:  .VI' 1 

llAKIiOi;. 

.\N  TIC 

-;i:.\ii().\ui) 
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Number  op  Tracks. 

Grades,    Percentage. 

Discharge. 

t-           U        1        o 

X 

0. 
<; 

"3 
n 

o 

® 

m 

3 

Car.s  per  10  hr. 

^ 

—         all) 

Antfar. 

Bitum. 

^ 

1       3&2 

!    '          3 

1             1 

1           :-i 

1 

1           1 

i      3 

1       3 

'       3        .... 
4 

:f        

4            2 
6           6 

3 
4 

1 

4 

3&2 

o 

2 

2 
3 
4 
3 

4 

'i 
'i 

1 

—  i!o 

0 

0 
0 

(1 
""6' 

;: 

+    1.5 

+    2.0 
+  11.0 
+    2.25 
^  17.5 

+    2.5 

+  '  V.25 

.... 
+    2.95 

+    2.08 

+  0.78 

+  0.87 

0.0 

+  0.65 

—  1.0 

-0.80 

0 
+  1.36 
--0.70 
-1-1.25 
+  0.58 

—  1.39 
+  1.30 

— "i6&  1 

-2.8" 
—  1.8 

-1.39 

1 

2 
1 
2 
2 

2 

2 
2 
2 
2 
2 
2 
2 

10 
19 
1 
25 
40 

34 

4 
11 

4 
26 

6 
20 
34 

130 

"60 

'm 
m 

250 

"iw) 

130 
300 

;wo 
m) 

300 
250 

60 
100 
120 
220 

60 
140 
360 

*2  640 

t  Under  construction. 


Piers  in  Baltimore  Harbor. 


Height 
IN  Feet. 

Number  of 
Tracks. 

Grades,  Percentage. 

Discharge. 

V 

i 

X 

59 

60 

38.6 

21 

2fl.5 

28 
35 
28 

a 
< 

1 
1 
1 
i 

1 
1 

1 

M 

a 

B 

2a 
a 

Q 

X 

s> 

TS 

2 

2 

2 
2 
2 

2 
2 
2 

1 

3 

48 

40 

24 
10 
12 

10 
9 
4 

Cars 
per  10  hr. 

X 

< 

a 

s 

Total. 

6.5 

67 

42.2 
19 

1&2 

1 

2 
3&1 
2&5 

3 
1&3 
1  &3 

2 

2 

2 
3 

2&1 
1 
1 

0 
—  2.0 
+  0.30 

+  V.0 

0 
0 
0 

+    2.0 

+  22.0 

+    2.0 
+   2.5 
+    2.5 

+    5.0 
+   5.0 
+    5.0 

—  1.0 

-1.5 

-0.50 
+  0.50 
-j-0.50 

0 
0 
0 

-2.0 

-5.0&  — 8.0 

-0.47 

80 
140 

40 

300 
250 
120 

60 
100 

300 

250 

120 
80 

87  5 

51     .. 

3      .. 
3,     .. 
8 

140 

9H 

60 

31 

100 

K 

40 

260 

830 

1  090 
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TABLE  4. — Data  Concerning 


Location. 

Type. 

6 

'3 

4> 

n 

Height, 
IN  Feet. 

Railway  or  operator. 

£ 

o 

i 

Norfolk  &  Western  Ry . 

Virginian  Ry.  Co 

Chesa.  &  Ohio  Ry 

Lamberts  Pt.,  Va 

"    t" 

SewellsPt.,  Va 

Newport  News,  Va 

Loco.  Incline A6 

■•       A6 

Power  Incline A8 

Combination CI 

Combination C2 

Loco.  Incline A6 

"      1 A6 

Combination CI 

Loco.  Incline A6 

"       A6 

1 

3 

4 

1 

3 
3 
9 
10 
12 

•85 
'92 
'01 
'13 

'09 

'87 
'82 
'13 
'00 
'07 

869 

797 

867 

1200 

1000 

345 
790 
1200 
450 
850 

48.2 
47 
77.1 
91.5 

76.1 

41.5 

38.5 

91.4 

51 

59 

43.5 
41.5 
70.4 
91.5 

69.2 

39.5 

34 

91.4 

48.5 

55 

*  Includes  capacities  of  piers  under  construction. 

TABLE  5. — Shipments  of  Coal,  in  Gross  Tons. 


Harbor. 

Anthracite. 

Bituminous. 

Totals. 

14  651  401 

2  197  7.50 

257  025 

10  749  988 
4  856  620 
4  002  809 
7  376  925 

25  401  389 

Philadelphia 

7  054  376 

Baltimore 

4  259  834 

Norfolk 

7  376  925 

Totals 

17  106  176 

26  986  348 

44  092  524 

Assuming  that,  on  an  average,  a  car  contains  42  tons  of  coal,  the 
tonnage  in  Table  5  indicates  that  about  1  050  000  cars  were  unloaded 
into  boats  of  various  kinds  in  1911  from  all  the  coaling  ports. 

The  maximum  capacities  of  the  plants  are  given  in  Tables  1  to  4, 
and,  as  a  general  rule,  are  based  on  the  largest  number  of  cars  handled 
in  any  one  day,  under  favorable  conditions  of  cargoes  and  deliveries. 
The  average  capacities  are  based  on  the  deliveries  obtained  under 
ordinary  conditions,  where  there  is  more  or  less  delay  due  to  the 
number  and  various  sizes  and  kinds  of  cargoes,  and  approximate  two- 
thirds  of  the  maximum  capacities. 
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Piers  in  Norfolk  Harbor.  ' 


Number  op 

Traces. 

Grades,  Percentage. 

Discharge. 

i 

"3 

a 

a 

2 
2 
2 

2 
2 

2 
2 

en 

1 
1 
1 

1 
1 

1 

o, 

a 
< 

a 

o 

V 

a 

2 
2 
2 
2 

2 

2 
2 

2 
3 
2 

1 

z 

22 
27 
60 
62 

62 

9 
28 
66 
20 
39 

Cars  per 
10  hr. 

1        1 

a       ^ 
<      pa 

1 

1 
1 
5 

1 

1 

1 

1 

1 
1 

1 

1&2 

1 

1  &  2 
1  &  2 

—  0.05 

—  0.05 

—  0.75  to —1.33 

0 
0 

0 
0 

+  2.3 

+  2.3 

+  25.0 

See  sketch. 

See  sketch. 

+  1.0  &2.0 
+  1.0 

See  sketch. 
+  2.0 
-^2.0 

—  0.66 

—  0.76 
-1.33  to -0.67 

-0.63 

—  0.59 

—  0.65 

—  0.65 

-2.5 

—  2.4 
-2.83 

-3.0&-2.5 
-0.59 

—  2.2 

—  2.2&  — 1.0 

150 
150 
400 
600 

300 

150 

250 
600 
200 
880 

150 
150 
400 
600 

300 

150 
250 
600 
200 
380 

*3  180 

3180 

t  Under  construction. 

During  any  of  the  past  8  years,  the  ratio  of  the  actual  maximum 
output  to  the  estimated  maximum  capacities,  as  indicated  in  Tables 
1  to  4,  is  about: 

51%   in  New  York  Harbor; 

29%    "    Philadelphia  Harbor; 

31%    '•    Baltimore  Harbor; 

30%    "    Norfolk  Harbor. 

Tf  all  tlie  port.-;  had  worked  to  their  average  estimated  capacities, 
ihey  could  have  discharged  their  output  of  1911  in  the  following  times : 

New  York   Harbor 222   days. 

Philadelphia    Harbor    185 

Baltimore    Harbor    195 

Norfolk  Harbor   141      " 

It  will  be  noted  that  in  New  York  Harbor  the  maximum  output 
for  any  one  of  the  past  8  years  developed  51%  of  the  maximum  esti- 
mated capacity,  and  Philadelphia,  Baltimore,  and  Norfolk  only  deliv- 
ered about  30  per  cent.  This  apparently  better  showing  in  New  York 
Harbor  can  be  explained  by  the  fact  that  in  that  harbor  there  is  an 
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almost  continuous  run  of  cargoes  varying  from  50  to  3  500  tons  fori 
local  consumption,  and  in  other  harbors  the  local  consumption  from] 
the  piers  is  not  nearly  as  great;  also,  the  cargoes  are  generally  larger] 
and  of  less  frequency. 

On  the  basis  of  the  estimated  maximum  capacities  of  the  various! 
piers,  the  percentages  of  coal  furnished  by  each  of  the  roads  servingj 
would  be  about  as  given  in  Table  6. 

TABLE  6. — Percentages  of  Coal  Furnished  by  Railroads. 


Railroad. 


Pennsylvania 

Central  of  New  Jersey 

Delaware,  Lackawanna  and 

Western 

Philadelphia  and  Reading.. 

Baltimore  and  Ohio 

Lehigh  Valley 

Erie  Railroad 

Ontario  and  Western 

Delaware  and  Hudson 

Western  Maryland 

Chesapeake  and  Ohio 

Norfolk  and  Western 

Virginian 

Totals 


Harbors. 


New  York.    Philadelphia.    Baltimore.    Norfolk. 


32.0 

20.0 

10.0 
9.0 
7.0 
7.0 
5.5 
5.5 
4.0 


100.0 


53.2 


34.5 
12.3 


100.0 


31.0 


46.0 


23.0 


100.0 


49.5 
35.5 
15.0 


Total  for 
all  harbors. 


30.0 
9.0 

4.5 
12.0 
11.0 
3.0 
2.5 
2.5 
2.0 
3.0 
10.0 
7.5 
3.0 


100.0 


From  the  fact  that  the  actual  annual  output  of  these  ports  repre- 
sents only  from  141  to  222  working  days  under  average  capacity 
for  the  four  harbors,  it  may  be  reasonably  inferred  that  the  existing 
ports  are  capable  of  supplying  greater  demands  for  coal  than  now 
exist;  but,  of  course,  it  must  be  remembered  that  a  pier  which  supplies 
a  succession  of  small  cargoes,  and  especially  to  boats  not  under  their 
own  power  control,  will  not  be  able  to  work  to  the  same  capacity  as  in 
cases  where  there  will  be  the  same  continuous  run  of  large  cargoes 
regularly,  and,  though  some  of  the  ports  may  be  hard  pressed  at  times 
to  make  deliveries  satisfactory  to  urgent  demands,  there  are  other 
ports  which  are  more  or  less  idle  a  great  part  of  the  time,  and  all 
the  piers  are  idle  some  of  the  time,  due  to  lack  of  vessels.  The  neces- 
sity of  being  in  a  position  to  furnish  large  cargoes  in  a  short  time  re- 
quires, in  a  number  of  the  ports,  the  construction  of  piers  of  greater 
capacity   than   they  will   be  required   to   develop,  except  at   intervals. 
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Tho  capaoity  of  many  of  tlio  jiiors  is  also  restricted  by  laok  of  yard 
facilities,  or  l>y  lack  of  iirojier  adaptation  for  the  kind  of  cargoes 
handled,  tlic  liciulit.  in  a  number  of  eases,  being:  insufficient  to  permit 
of  a  free  discharge  of  coal  from  the  pockets  to  the  vessels.  The  piers 
having  the  largest  estimated  maximum  capacities  per  da.v  of  10  hours 
in  the  various  harbors  are  given  in  Table  7. 

TAIJLE  7. — PiKRS  IN  Each  Harbor  Having  the  Largest  Estimated 
Maximum  Capacity. 


Harbor. 


Railroad. 


Piers. 


Location. 


Type. 


Number 
of  cars. 


New  York . . . 
Philadelphia. 


Baltimore.,. 
Norfolk 


P.  R. 
P.  R. 


R 

R 


No. 


H.  South  Amboy.. 
.     HarsimusCove 


P.  R.  R.. 
P.  R.  R.. 


B.&O.. 
N.  &  W. 


No.  6. 
Nos.2 
aud  4. 


No.  3. 

No.  12. 


Greenwich. 


McMyler  dumper,  Type  B2 — 
Grade  approach  and  return. 

Type  A2 

Power  incline,  Type  A8 


Curtis  Bay. . . 
Lamberts 
Pomt 


Locomotive  incline.  Type  A4. 
Locomotive  incline,  Type  A6, 


Power  incline.  Type  AS 

C.  &  O No.  12.  Newport  News  [Locomotive  incline,  Type  A6. 

VirKinianR.R ISewells  Point. .  iCombination,  Type  C2 

New  combination  plants.  Type  CI.  under  construction,  one  for  N. 

&  W.  at  Lamberts  Point  and  one  for  C.  &  O,  at  Newport  News. 

will  have  a  maximum  capacity  of 


300 


300 
350 


300 


400 
380 
300 


Cargoes. 

In  Xew  York  Harbor  coal  is  delivered  mostly  to  lighters  and  barges 
up  to  3  500  tons  capacity,  there  being  but  few  sea-going  vessels  which 
are  coaled  directly  from  the  piers,  either  in  bunkers  or  in  cargoes. 
These  are  usually  loaded  from  lighters.  Some  piers  are  prepared  to 
furnish  coal  in  from  5-  to  10-ton  lots,  but  most  of  the  cargoes  delivered 
are  not  less  than  .50  toiis. 

In  Philadelphia  n:irl)or  coal  is  delivered  to  local  tugs,  barges, 
schooners,  scows,  tramps,  and  colliers,  the  greater  portion  being  in 
barges  for  domestic  use,  cargoes  running  up  to  3  500  tons,  and  to  a 
number  of  tramps  of  from  5  000  to  7  000  tons,  with  an  occasional 
colli. T  of  12  500  tons. 

In  Baltimore  Harbor  coal  is  delivered  to  small  bay  craft  up  to 
50  tons,  coastwise  sailing  vessels  with  cargoes  of  from  1500  to  6  000 
tons,  barges  up  to  7  500  tons,  tramps  from  5  000  to  7  000  tons,  and 
colliers  of  12  500  tons.  A  large  part  of  this  coal  goes  to  New  England 
and  to  foreign  countries. 
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In  Norfolk  Harbor  cargoes  are  delivered  to  boats  of  about  the  same 
class  as  in  Baltimore  Harbor,  but  some  of  the  Norfolk  piers  are  better 
adapted  for  furnishing  coal  to  the  largest  Government  colliers. 

The  two  largest  Government  colliers,  the  Cyclops  and  Neptune,  have 
a  length  of  542  ft.,  beam  65  ft.,  hatches  32  ft.  athwartships,  13  ft. 
fore  and  aft;  the  top  of  the  forward  cargo  hatch  when  the  boat  is  in 
ballast  trim  is  about  30  ft.  above  the  water  level,  and  the  aft  cargo 
hatch  26  ft.,  the  bunker  hatches  being  about  38^  ft.  When  out  of 
ballast  trim,  a  condition  which  may  occur  rarely,  the  aft  bunker  hatches 
may  be  about  43  ft.  above  the  water  line.  Their  main  draft  when 
loaded  is  27  ft.  7  in.  On  account  of  the  steel  cranes  and  derricks  on 
the  decks  of  these  boats,  it  is  somewhat  difficult  to  coal  them. 

The  largest  coastwise  st-eamer  of  the  New  England  Coal  and  Coke 
Company  is  the  Maiden,  which  has  a  length  of  406  ft.  over  all, 
beam  54  ft.  6  in.,  ten  cargo  hatches  30  ft.  athwartships  and  15  ft.  fore 
and  aft,  one  bunker  hatch  24  ft.  athwartships,  7  ft.  fore  and  aft.  The 
distance  from  the  top  of  the  cargo  hatches  to  the  water,  when  the  boat 
is  in  ballast  trim,  varies  from  26  to  32  ft.,  and  the  bunker  hatch  is 
32  ft.  It  is  probable  that  in  the  future  this  company  will  build  col- 
liers up  to  550  ft.  in  length,  with  from  65  to  70  ft.  beam. 

Channels  and  Tidal  Varl\tions. 
The  present  depths  of  the  channels  leading  to  the  various  ports  in 
the  four  harbors  are  given  in  Table  8. 

Classification  of  Coal  Plants. 
The   coal  piers   constructed  for  the  purpose  of  supplying   coal   to 
vessels  in  the  harbors  of  the  Atlantic  Seaboard  may  be  divided  into 
the  three  general  classes : 

(A)  Gravity  Plants, 

(B)  Mechanical  Plants, 

(C)  Combination    Plants. 

A. — Gravity  Plants. 
This  name  is  generally  given  to  coal  trestles  which  are  equipped 
with  pockets  or  bins  for  receiving  the  coal  from  the  usual  cars,  and 
with  chutes  for  discharging  it  into  vessels  moored  at  the  piers.  Although 
a  number  of  these  plants  have  such  grades  as  will  permit  the  loaded 
cars  to  drift  over  the  deck  tracks   and  the  empties  to  return  to  the 
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yards  by  gravity,  there  ate  also  a  imniber  where  the  jrrades  are  so 
light  that  power  of  some  kind  is  required  for  the  movement  of  the 
loads  over  the  deck  and  of  the  empties  to  the  yards;  but,  no  matter 
what  the  jirades  or  how  the  cars  are  moved  on  tlie  d«H'k  and  on  the 
return  tracks,  the  pier  is  classed  as  a  gravity  plant  if  the  coal  is  dis- 
cliarged  directly  into  the  pockets  or  chutes  from  the  regular  coal  cars 
(in  the  tracks  on  top  of  the  pier. 

The  general  class  of  gravity  plants  embraces  nine  types,  as  shown 
by  Figs.  1  and    2. 

TABLE   8. — Depths  of  Channels,  and  Tidal  Variations. 


Harbor. 


New  York. . 


Philadelphia. 


Baltimore... 


Norfolk. 


Port. 


South  Amboy. 
Perth  Amboy.. 

Port  Reading. 


•1 


Elizabeth  Port. 


Port  Johnson 

St.  George 

Greenville -j 

Port  Liberty 

Harsimus  Cove 

Hoboken 

Weehawken 

Guttenberg 

Edgewater 

Greenwich 

Jackson  St 

Port  Richmond 

Curtis  Bay 

Port  Covington 


Canton 

Locust  Point 

Lamberts  Point . 


Sewells  Point 

Newport  News.. 


Channels,  etc. 


Raritan  Bay 

Arthur  Kin......'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 

Stat«n  Island  Sound  and  Kill  van 
Kull 

Kill  van  Kull 

Arthur    Kill   and    Staten    Island 
Sound 

Kill  van  Kull 

Upper  and  Lower  Bays 

Upper  and  Lower  Bays 

Local  to  pier 

Upper  and  Lower  Bays  and  Hud- 
son River 

Upper  and  Lower  Bays  and   Hud- 
son River  

Upper  and  Lower  Bays  ami  Hud- 
son River 

Upper  and  Lower  Bays  and  Hud- 
son River 

Upper  and  Lower  Bays  and  Hud- 
son River 

Upper  and  Lower  Bays  and  Hud- 
son River 

Delaware     River    27    ft.,     being 
dredged  to : 

Delaware     River    27    ft.,     being 
dredged  to : 

Delaware    River    27      ft.,     being 
dredged  to ; 

Local    channel    31     ft..     Harbor 
channel 

Local    channel   2o>^    ft.,    Harbor 
channel 

Clinton  St..  30  ft..  Harbor  channel . 

Piers  3  and  4  22  ft..  Harbor  chan- 
nel  

Local  channel  27  ft.,  Harbor  clian 
nel 

Hampton     Roads    and    Elizabeth 
River 

Hampton  Roads 

Hampton  Roads  and  James  River. 


Depth, 
m 

feet. 


21 
21 
21 

16 
16 

21 
26 

40 
40 
18 

40 

40 

40 

40 

40 

40 

35 

85 

85 

35 

85 
35 

35 

85 

85 
35 
35 


Tidal 

Variations, 

IN  Feet. 


Mean. 


4.5 


5.3 


1.2 


2.7 


Maxi- 
mum. 


6.3 


5.8 


6.0 


8.1 
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Gravity  ApproanTi 


TYPE   A  1 

GRAVITY  APPROACH  AND  RETURN. 


Grade  Approach  and  Return 


TYPE    A  2 
GRADE  APPROACH  AND  RETURN. 


Grade  Approach 


TYPE    A  3 
GRADE  APPROACH  AND  GRAVITY  RETURN. 


TYPE    A  4 

LOCOMOTIVE  INCLINE  AND   LOCOMOTIVE  OR 

GRAVITY   RETURN  FROM  SHORE  END. 


£^r  Ret,,,- 


TYPE   A  5 

LOAD  AND   EMPTY  YARDS  AT  OPPOSITE  ENDS   OF   PIER. 

Fig.   1. 
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TYPE    A  6 

LOCOMOTIVE  INCLINE  AT  SHORE  END, 
GRAVITY  RETURN  FROM   SEA  END 


LOCOMOTIVE  INCLINE  AT  SEA  END, 
GRAVITY  RETURN  FROM   SHORE  END 


TYPE    A  8 
POWER  INCLINE   AT  SHORE  END, 
GRAVITY  RETURN  FROM  SEA  END 


Gravity   Rf^ 


TYPE   A  9 

POWER  INCLINE   AT  SEA  END, 
GRAVITY  RETURN  FROM   SHORE  END 


Fig.  2. 
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Type  Al. — Gravity  Approach  and  Return. — The  loads  are  delivered 
to  the  pier  deck,  spotted  over  the  pockets,  and  the  empties  returned  to 
the  yards,  all  by  gravity.  This  is  the  ideal  type  of  gravity  plant;  but 
locations  where  the  land  back  of  the  dock  is  at  a  sufficient  elevation  for 
a  gravity  lead  to  the  pier  deck,  and  where  the  empty  yard  can  be 
constructed  at  an  elevation  lower  than  the  deck  of  the  pier,  are  not 
usual  in  harbors.  As  a  matter  of  fact,  the  writer  has  been  unable  to 
locate  any  pier  of  this  tyi^e  on  the  Atlantic  Seaboard  within  the  limits 
of  the  United  States.  In  the  Perth  Amboy  Port  of  New  York  Harbor, 
Piers  Nos.  1  and  2,  operated  by  the  Lehigh  Valley  Railroad  Company, 
have  a  descending  grade  of  0.6%  on  the  trestle  approach  and  a  1% 
grade  for  the  return  of  empties,  but  as  the  0.6%  approach  grade  will 
not  permit  cars  to  move  by  gravity  except  under  very  favorable  weather 
conditions,  and  as  locomotives  are  therefore  used,  these  piers  cannot 
be  considered  as  meeting  the  conditions  of  this  ideal  type. 

Type  A3. —  Grade  Approach  and  Return. — The  pier  deck  beyond  the 
bulkhead  of  the  slips  is  at  approximately  the  same  elevation  as  the 
tracks  on  the  approach  trestlework  and  in  the  yards,  thereby  requiring 
locomotives  for  delivering  the  loads  on  the  deck  and  for  removing  the 
em.pties.  The  grades  may  be  level,  or  slightly  ascending,  or  descending. 
On  account  of  engine  service  for  both  loads  and  empties,  on  the  deck 
as  well  as  in  the  yards,  the  operating  cost  of  this  tyije  may  be  high, 
the  discharge  and  return  of  the  cars  slow,  and  the  capacity  of  the  pier 
somewhat  restricted  thereby,  especially  when  there  are  only  one  or 
two  tracks  on  the  pier ;  but  as  more  cars  can  be  handled  by  a  locomotive 
on  easy  grades  than  on  steep  inclines,  the  cost  of  operation  of  this 
tyi^e  may  be  low,  or  lower  than  any  of  the  types  where  empties  are  re- 
turned by  gravity,  when  the  character  of  the  vessels,  loads,  and  their 
cargoes  will  not  permit  of  continuous  operation.  It  will  depend  largely 
on  the  number  and  types  of  vessels  and  cargoes.  There  are  two  piers 
of  this  type  in  service  in  New  York  Harbor  and  four  in  Philadelphia. 
Type  A3. — Grade  Approach  and  Gravity  Return. — The  pier  deck 
is  at  approximately  the  same  elevation  or  grade  as  the  tracks  on  the 
approach  trestlework,  but  at  a  higher  elevation  than  in  the  empty  yard. 
Loads  are  delivered  on  the  pier  by  locomotives  and  the  empties  are 
returned  by  gravity.  This  type,  on  account  of  the  easy  delivery  grade, 
where  a  considerable  number  of  cars  can  be  handled  by  one  locomotive, 
and  the  return  of  empties  by  gravity,  should  be  economical  in  operation 
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where  conditions  aro  such  as  to  enable  its  construction  without  sacrifice 
uf  yard  facilities  and  operations,  and  without  an  excessive  expenditure 
for  the  construction  and  maintenance  of  long  and  high  trestle  ap- 
proaches. There  are  only  two  piers  of  this  type,  both  in  New  York 
Harbor. 

Type  Alf. — Locomotive  Incline  at  the  Shore  End  and  Locomotive  or 
Gravity  Return  from  the  Shore  End. — The  pier  deck  may  be  level  or 
have  a  slight  grade.  The  loads  are  pushed  up  the  incline  by  a  loco- 
motive and  are  then  handled  and  the  empties  removed  by  the  loco- 
motive, or  the  empties  are  spotted  by  gravity  or  by  using  pinch-bars 
and  then  returned  by  gravity  down  the  delivery  incline,  depending  on 
the  grades.  This  is  a  simple  type  of  so-called  gravity  pier,  and  is 
used  where  the  width  of  right  of  way  is  contracted  and  local  con- 
ditions are  such  as  to  necessitate  the  construction  of  a  joint  yard  for 
loads  and  empties  within  a  restricted  space.  The  empties  may  be  re- 
turned over  the  delivery  tracks,  for  piers  where  the  output  is  small,  or 
over  independent  tracks,  where  the  output  is  large  and  the  right  of 
way  will  permit  the  additional  width  necessary  for  such  tracks.  There 
are  eleven  piers  of  this  type  in  New  York  Harbor,  five  in  Philadelphia, 
and  five  in  Baltimore,  making  a  total  of  twenty-one  now  in  operation. 

Type  A5. — Load  and  Empty  Yards  at  Opposite  Ends  of  Pier. — The 
loads  are  pushed  from  the  yard  up  the  incline  at  one  end  of  the  pier, 
and  the  empties  are  returned  to  the  yard  at  the  other  end,  the  entire 
movement  of  cars  being  in  one  direction.  This  type  may  be  used 
along  the  banks  of  rivers  or  canals,  where  the  yards  and  tracks  have 
to  be  parallel  to  the  stream,  and  is  used  for  locomotive  coaling  stations, 
but,  so  far  as  the  writer  has  been  able  to  discover,  there  are  no  piers 
of  this  type  on  the  Atlantic  Seaboard. 

Type  A6. — Locomotive  Incline  at  Shore  End,  Gravity  Return  from 
Sea  End. — Loads  are  pushed  up  the  incline  to  the  deck  by  a  locomotive, 
then  drift  by  gravity  over  the  pockets,  and,  when  unloaded,  drop  by 
gravity  to  a  switchback  or  turn-table,  where  the  movement  is  reversed  to 
the  empty  yard.  The  empty  return  tracks,  being  independent  of  the 
apjiroach  tracks,  may  be  graded  so  as  to  reach  an  empty  yard  ad- 
joining the  load  yard  or  at  almost  any  convenient  location,  without 
impeding  operations.  All  things  considered,  this  type  is  perhaps  the 
most  practical  and  economical  of  the  gravity  plants,  both  as  to  cost 
and  operation,  and  is  sufficiently  flexible  to  meet  a  diversity  of  local 
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conditions.  There  are  four  piers  of  this  type  in  New  York  Harbor, 
two  in  Philadelphia,  two  in  Baltimore,  and  six  in  Norfolk,  making  a 
total  of  fourteen  now  in  operation.  The  Baltimore  and  Ohio  pier  at 
Curtis   Bay,   Baltimore   Harbor,   is   a   well-known   example. 

Type  A7. — Locomotive  Incline  at  Sea  E'nd,  Gravity  Return  from 
Shore  End. — This  is  simply  a  modification  of  Type  A6.  The  lead  for 
the  yard  tracks  is  nearer  the  water  and  the  empty  yard  is  farther  back 
than  in  Type  A6.  The  deck  of  the  pier  has  an  ascending  grade  toward 
the  sea  end,  thereby  making  the  highest  part  of  the  deck  at  the  place 
where  it  is  of  most  service.  There  are  no  piers  of  this  type  in  operation, 
so  far  as  can  be  learned  by  the  writer,  but  the  advantages  of  the  type 
in  certain  locations  make  it  worthy  of  consideration. 

Type  A8. — Poiver  Incline  at  Shore  End,  Gravity  Return  from  Sea 
End. — The  pier  has  a  down  grade  toward  the  sea.  Cars  are  pulled  up 
the  incline  by  a  cable  and  stationary  engine,  or  are  pushed  up  by  a 
small  car  or  barney  attached  to  the  end  of  a  cable.  Otherwise  the 
operation  is  the  same  as  in  the  locomotive  incline,  Type  AG.  The  power 
inclines,  with  their  steep  grades,  are  adaptable  to  locations  where  the 
space  at  the  approach  to  the  pier  is  not  sufficient  for  a  locomotive 
incline.  The  delivery  track  from  the  loaded  yard  is  usually  graded 
downward  so  as  to  feed  the  cars  to  the  foot  of  the  incline  by  gravity. 
There  are  four  piers  of  this  type  in  New  York  Harbor,  one  in  Philadel- 
phia, one  in  Baltimore,  and  one  in  Norfolk,  making  a  total  of  seven, 
exclusive  of  a  similar  plant  in  combination  with  a  mechanical  plant, 
which   is  embraced  under  another  classification. 

Type  A9. — Power  Incline  at  Sea  End,  Gravity  Return  from  Shore 
End. — The  pier  has  an  up  grade  toward  the  sea,  and  is  simply  a  modi- 
fication of  Type  A8.  The  highest  part  of  the  deck  is  at  the  sea  end, 
where  the  highest  chutes  properly  belong.  This  type,  when  vessels  are 
loaded  from  only  one  side  of  the  pier,  is  well  adapted  to  localities  where 
the  load  yard  is  close  to  the  pier.  When  piers  deliver  coal  to  vessels 
on  both  sides,  the  delivei-y  track  can  be  placed  in  the  middle  and  the 
deck  tracks  can  be  carried  across  the  entire  width  of  the  pier,  except 
for  the  space  required  for  the  incline  through  the  deck,  thereby  re- 
quiring less  width  of  pier  at  the  shore  end  than  for  Type  A8.  There 
are  no  piers  of  this  type  in  operation  on  the  Atlantic  Seaboard,  but 
it  is  worthv  of  consideration  in  favorable  locations. 
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B.— :\l.vliaiiical    Plants. 

Coaling  plants  which  are  cHjuipped  with  car-chimping  machinery, 
elevators,  conveyors,  etc.,  for  delivering  coal  to  vessels  without  the  use 
of  high  and  long  trestles,  are  classed  as  mechanical.  The  car-dump- 
ing machines  pick  up  the  loaded  cars  and  dump  their  contents  on  an 
apron,  from  which  it  flows  into  vertical  chutes  which  are  adjustable 
and  kept  full  of  coal  so  as  to  reduce  the  fall  and  breakage.  These 
machines  vary  somewhat  in  design,  and  are  manufactured  by  the 
-McMyler  Manufacturing  Company,  the  Wellman-Seaver-Morgan  Com- 
l)any,  the  Brown  Hoisting  and  Conveying  Machine  Company,  all  of 
Cleveland,  Ohio.  A  description  of  the  several  types  of  mechanical 
plants  (Figs.  3  and  4)  follows: 

Bl. — Car-Dumping  Machine  at  Grade. — The  loaded  car  is  delivered 
near  the  cradle  of  the  machine,  which  is  at  grade  or  only  a  slight 
elevation  above  it,  and  is  placed  or  hauled  on  the  cradle.  It  is  then 
lifted  vertically  and  dumped  into  chutes  by  turning  it  over  sideways. 
The  car  is  then  lowered,  pvished  off  the  cradle  by  the  next  loaded  car 
entering,  and  hauled  away.  The  range  of  delivei^^  to  vessels  is  con- 
fined within  the  sweep  of  the  chutes,  and  this  necessitates  moving  the 
vessels  while  being  loaded.  This  type  is  adapted  to  locations  where 
space  is  restricted  to  such  an  extent  that  the  gravity  movement  of 
empty  cars  is  impracticable,  but  thei-e  is  no  plant  of  this  particular 
type  in  operation  on  the  Atlantic  Seaboard. 

B2. — Car-Dumping  Machine  with  Power  Incline. — The  loaded  car 
is  delivered  by  gravity  or  locomotive  to  a  barney  or  cable  connection 
which  moves  up  a  st^ep  inclined  plane  to  the  cradle  of  the  machine. 
It  is  then  dumped  into  chutes  by  turning  it  over  sideways,  and  the 
empty  car  is  returned  to  tlie  yard  by  gravity.  This  tj^ie  requires  more 
space  than  Bl,  and,  as  the  cars  are  delivered  at  an  elevation,  the  vertical 
lift  of  the  machine  need  not  be  as  great.  When  space  is  available,  tliis 
plant  is  more  economical  of  operation  than  Tyjx-  Hi.  There  are  five 
jilants  in  Xew  York  Harbor  and  one  in  Bhiladelphia,  a  total  of  six  on 
the  Atlantic  Seaboard,  exclusive  of  those  used  in  combination  with 
gravity  piers  and  i]icliid('<l  in  Class  ( '. 

BS.—^Car- Dumping  Machine  with  Conveyors. — The  machine  turns 
the  car  over  sideways  and  dumps  the  coal  into  conveyor  buckets  which 
carry  it  from  the  machine  and  lower  it  to  the  bottom  of  the  hatch 
before    (lunii)ing.      The    cars    may    be    handled    by    locomotives    or    by 
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TYPE  B  1 
CAR-DUMPING  MACHINE  AT  GRADE 


TYPE  B  2 
CAR-DUMPING  MACHINE  WITH  BARNEY 


TYPE  B  3 

CAR-DUMPING  MACHINE  WITH  CONVEYOR 

Fig.  3. 
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barneys  and  gravity.  It  is  claimed  that  this  will  reduce  the  breakage 
of  coal  to  a  minimum.  There  are  no  plants  of  this  type  on  the  Atlantic 
Seaboard,  but  one  is  in  operation  at  Buffalo,  N.  Y. 

Bit.— Car-Dumping  Machine  with  Movable  Tower. — The  loaded  car 
is  delivered  by  a  locomotive  or  by  gravity  to  a  barney,  which  moves  it 
up  an  inclined  plane  to  the  cradle  of  the  machine.     It  is  then  dumped 
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TYPE  B4-CAR-DUMPING   MACHINE  WITH   MOVABLE  TOWER 
Fig.   4. 

into  a  self-propelling  transfer  car  having  a  sloping  bottom  and  dis- 
charge, which  moves  on  to  a  movable  tower.  The  tower  moves  on  tracks 
running  along  the  pier,  and  elevates  the  body  of  the  transfer  car 
vertically  to  the  proper  height ;  then  the  coal  flows  from  the  side  of  the 
car  into  chutes.  The  body  of  the  transfer  car  is  then  lowered  to  its 
tracks.  The  empty  transfer  cars  return  for  another  load  and  the 
empty  coal  cars  are  returned  to  the  yard  by  gravity.     This  tji^e  is  very 
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elastic,  and  will  deliver  coal  at  any  part  of  the  pier  without  moving  the 
vessels.  When  provided  with  a  mechanical  trimmer,  as  indicated  on 
the  sketch  (Fig.  4),  the  cost  of  trimming  coal  may  be  reduced  consider- 
ably. There  are  as  yet  no  plants  of  this  type  in  operation  on  the 
Atlantic  Seaboard,  but  a  number  of  designs  have  been  under  con- 
sideration. 

Bo. — Endless  Chain  Conveyors. — The  coal  is  dumped  into  a  hopper 
and  then  elevated  by  an  endless  chain  conveyor  to  such  a  height  that 
the  coal  will  rim  into  bins  and  be  delivered  to  the  hatches  through 
chutes.  This  type  is  indicated  in  particular  cases  where  the  local  and 
congested  conditions  will  not  permit  of  sufficient  space  to  turn  the 
cars  so  that  they  may  be  run  on  the  piers,  as  in  cases  where  the  supply 
track  runs  at  right  angles  to  the  pier  and  close  to  the  shore  end. 
There  is  one  plant  of  this  type  in  New  York  Harbor  at  the  end  of  a 
pier  in  the  Hoboken  Port  of  the  Delaware,  Lackawanna  and  Western 

Railroad.  ,,       .^      ,  .      ,•        tji      + 

(  . — C  ombniation  J:  lants. 

It  is  quite  possible  and  practicable  to  combine  car-dumping  machines 
with  gravity  piers  in  a  variety  of  ways.  Tw^o  of  these  combinations 
are  described,  as  follows: 

Type  Gl. — This  type  is  a  combination  of  a  car-dumping  machine 
(power  incline  and  gravity  return  of  empty  mine  cars)  with  an  elevator 
lift  to  a  gravity  pier  deck  at  the  shore  end  for  special  dock  cars,  and  a 
gravity  return  of  empty  dock  cars  from  the  sea  end.  The  mine  cars 
are  dumped  by  the  machine  into  special  dock  cars  which  move  by  their 
own  power,  or  by  gravity,  to  the  platform  of  the  elevator,  are  then 
raised  to  the  deck  of  the  pier,  over  which  they  move  by  their  own 
power,  or  gravity,  and  discharge  coal  into  the  pier  pockets  and  chutes, 
and  then  return  under  brake  control  to  the  car  dumper.  The  empty 
mine  cars  which  have  been  unloaded  by  the  car  dumper  return  by 
gravity  to  the  empty  yards.  Two  plants  of  this  type  are  under  con- 
struction in  Norfolk  Harbor,  one  at  Lamberts  Point  and  the  other  at 
Newport  News.     See  Fig.  5. 

Type  C2. — This  type  is  a  combination  of  car-dinnping  machine 
(power  incline  and  gravity  return  of  empty  mine  cars)  with  Type  A8, 
a  gravity  plant  power  incline  for  special  dock  cars  at  the  shore  end 
and  a  gravity  return  of  these  cars  at  the  sea  end.  In  this 
type  the  dumping  machine  empties  the  mine  ears  into  a  special  dock 
car,  these  special  dock  cars  are  pushed  to  the  top  of  the  pier  over  the 
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barney  incline,  and  are  then  dropped  by  pravity,  or  under  their  own 
control,  to  the  pockets  where  the  coal  is  delivered ;  they  are  then 
returned  to  the  car  dumper  under  brake  control  over  the  gravity  return. 
The  empty  mine  cars  drift  by  gravity  over  the  switchback  to  the  empty 
yards.  There  is  one  pier  of  this  type  in  Norfolk  Harbor  at  Sewells 
Point.     Sec  Fig.  5. 

Table  !•  shows  the  number  of  each  class  and  type  of  plant  now  in 
o])eration  or  under  construction  in  the  harbors  of  the  Atlantic  Sea- 
board, a: 


Gravity  Grade-  Dock  Cars 


^Empty  Dock  Cais 


CAR-DUMPING  MACHINE(POWER  INCLINE  AND  GRAVITY  RETURN  OF 
EMPTY  MINE  CARSJWITH  ELEVATOR  LIFT  TO  PIER  DECK  AT  SHORE 
END  FOR  SPECIAL  DOCK  CARS,  AND  GRAVITY  RETURN  OF  EMPTY 
DOCK  CARS  FROM  SEA  END. 


Mine  Cars  from  Load  Yard 

Gravity  Rftam 
(Empty  Mine  Cars     ^-^ 


a: 


T^=^ 


Empty  Dock  Cars 


~ 


_2!fl!!l2f^-Dock  Cars. 


^Loaded  Dock  Cars 


TYPE  C  2 

CAR-DUMPING  MACHINE  (POWER  INCLINE  AND  GRAVITY  RETURN  OF 
EMPTY  MINE  CARS)  WITH  TYPE  A  8,  GRAVITY  PLANT,    POWER  INCLINE 
FOR  SPECIAL  DOCK  CARS  AT  SHORE  END  AND  GRAVITY  RETURN  OF 
SPECIAL  DOCK  CARS  FROM  SEA  END. 


Fig.  5. 

Dimensions. 
The  longest  coal  pier,  measured  from  the  bulkhead  to  the  end  of 
the  slip,  is  Pier  No.  1,  Pennsylvania  Railroad  Company,  at  South 
Amboy,  N.  J.,  which  has  a  length  of  1  800  ft.  The  length  of  the  Curtis 
Bay  pier  of  the  Baltimore  and  Ohio  Railroad  is  800  ft.,  of  the  Norfolk 
and  Western  pier  at  Lamberts  Point,  867  ft.,  of  the  Virginian  Railway 
pier  at  Sewells  Point,  1  000  ft.,  of  Pier  No.  12  of  the  Chesapeake  and 
Ohio  Railway  at  Newiwrt  News,  850  ft.,  and  of  Pier  No.  6  of  the 
Pennsylvania    Railroad   at    Greenwich,    Pa.,    735   ft.      These   represent 
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the  lengths  of  the  slips.  The  two  piers  at  Norfolk  now  under  construc- 
tion, one  for  the  Norfolk  and  Western  Railroad  and  one  for  the  Chesa- 
peake and  Ohio  Railroad,  will  have  slips  1  200  ft.  long. 

TABLE  9. — Number  of  Each  Class  and  Type  of  Plant  in 
Operation  or  Under  Construction  in  the  Harbors  of  the 
Atlantic  Seaboard. 


Harbor. 

Gravity  Plants. 
Class  A. 

Mechanical 
Plants. 
Class  B. 

Combina- 
tion 
Plants. 
Class  C. 

_ 

< 

si 

■< 

2 
4 

< 
2 

< 
11 

5* 
5 

< 

to 

< 

4 
2 
2 
6 

14 

< 
0 

4 

1 
1 
1 

7 

05 
< 

0 

1 

23 
12 

8 
7 

50 

n 

m 

5 

It 

05 

n 

•o" 
ffi 

1 

O 

6 

1 

5 

i 

New  York 

Philadelphia 

Baltimore 

Norfolk 

2+ 
2 

1 
1 

3 

0 

6 

2 

21 

0 

0 

6 

0 

0 

1 

7 

Totals 

3 

*  One  plant  under  construction  and  four  in  service. 
t  Under  construction. 

The  highest  pier  thus  far  built  is  the  Norfolk  and  Western  Pier 
No.  3,  at  Lamberts  Point,  which  has  a  height  of  70.4  ft.  above  the  water 
near  the  sea  end.  The  Curtis  Bay  pier  of  the  Baltimore  and  Ohio 
Railroad  has  a  height  of  59  ft.  near  the  sea  end,  the  Virginian  Railroad 
pier  at  Sewells  Point  has  a  height  of  69.2  ft.,  and  the  two  piers  under 
construction  at  Lamberts  Point  and  Newport  News  will  have  a  height 
of  about  91|  ft. 

The  heights  and  lengths  of  all  piers  on  the  Atlantic  Seaboard  are 
noted  in  Tables  1  to  4.  The  highest  piers,  namely,  those  under  construc- 
tion at  Newport  News  and  Lamberts  Point,  will  have  n  maximum 
height  of  47  ft.  from  the  discharging  end  of  the  chute  to  the  water, 
and  a  minimum  of  5  ft. 

The  dimensions  of  the  largest  U.  S.  naval  colliers  and  coastwise 
steamers  carrying  cargo  coal  are  given  under  the  heading,  "Cargoes." 
In  order  to  coal  freely  into  coastwise  boats,  the  maximum  height  of 
hatches  being  32  ft.,  the  height  of  piers  should  not  be  less  than  65  ft. 
above  mean  tide,  when  the  pier  is  not  provided  with  storage  bins,  and, 
if  bins  are  provided  for  storing  one  car  of  coal  each,  the  height  should 
be  at  least  70  ft.  above  mean  tide.    For  coaling  the  largest  Government 


PapiTs.l  COAL    PIKHS   OX    TIIK    All, ANTIC    SKABOARD  1793 

colliers  freely,  the  height  should  be  at  least  8  ft.  greater  than  the  fore- 
froiiifjr.  and  to  meet  the  possible  conditions  when  the  boat  is  out  of 
ballast,  the  height  should  be  at  least  13  ft.  greater. 

Piers  with  heights  5  ft.  less  than  those  given  will  coal  to  the  same 
clas«  of  boats,  but  not  freely,  because  the  chutes  will  be  inclined  at 
too  flat  an  angle  for  the  gravity  flow  of  coal.  A  pier  only  50  ft.  high 
above  mean  tide  can  be  made  to  deliver  coal  to  some  of  the  coastwise 
steamers  with  capacities  up  to  7  000  tons,  but  at  extra  expense  for 
handling  and  trimming.  As  a  general  proposition,  for  eflicient  service 
to  boats  of  all  classes,  the  height  of  a  pier  should  be  from  33  to  43  ft. 
greater  than  the  height  of  the  highest  hatches  of  vessels  coaling  at 
the  ports,  depending  on  the  type  of  chute  used  and  the  storage  capacity 
of  the  bins. 

Tracks  and  Grades. 

The  tracks  leading  to  piers  and  yards  are  usually  arranged  so  as  to 
require  the  least  number  of  shifting  operations.  In  some  yards  a 
large  number  of  short  tracks  are  required  to  sort  cars  with  different 
kinds  of  coal,  and  when  this  is  the  case,  the  load  yard,  when  practicable, 
consists  of  a  number  of  short  tracks,  or  a  gridiron  arrangement  with 
a  ladder  at  each  end.  For  the  empty  car  yard,  sorting  is  generally  not 
necessary,  and  a  few  long  tracks  are  used.  The  approach  tracks  to 
locomotive  inclines  usually  have  as  great  a  length  as  the  situation 
will  permit,  in  order  to  enable  locomotives  to  have  a  good  run  for 
overcoming  the  grade  of  the  incline.  The  approach  tracks  leading 
to  barney  inclines  have  a  down  grade  where  the  conditions  will  permit, 
in  order  that  the  cars  may  drift  by  gravity  to  the  barney.  Tracks 
on  the  piers  are  arranged  in  a  number  of  ways,  depending  on  the  local 
conditions,  the  type  of  pier,  and  whether  coaling  is  done  from  one 
or  bntli  sides. 

The  grades  on  locomotive  inclines  vary  from  1  to  .5  per  cent.  There 
nre  only  three  piers  having  grades  of  5%,  six  with  grades  from  3  to 
■lA'';,  and  twenty-six  with  grades  less  than  3  per  cent.  The  conditions 
which  affect  the  choice  of  the  grade  are:  longitudinal  space,  capacity 
of  the  locomotive  to  be  used,  the  required  discharging  capacity  of  the 
pier,  and  economy  of  operation  and  cost.  A  steep  locomotive  incline 
will  cost  less  to  construct,  but  usually  more  to  maintain  and  operate, 
than   an  easj'  or  moderate  grade,   and,   as  the  delivery  of  the  coal  to 
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the  pier  deck  should  keep  pace  with  the  discharge  into  vessels,  for 
economical  operation,  the  grade  should  not  be  such  as  to  retard  de- 
livery. The  selection  of  the  grade  on  locomotive  inclines  is  an  im- 
portant matter,  and  should  be  determined,  not  so  much  from  what  is 
in  use  on  other  piers  as  by  a  study  of  the  local  conditions  and  re- 
quirements for  each  case,  and  when  conditions  permit,  it  should  not 
exceed  3  per  cent. 

The  grades  on  barney  or  cable  inclines  to  gravity  class  piers  vary 
from  16  to  25%,  and  on  mechanical  classes  from  11  to  12  per  cent.  It 
will  require  less  power  and  less  expensive  machinery  to  pull  a  car  up  a 
12%  grade  than  up  a  25%  grade,  and  though  the  steeper  inclines  are 
usually  resorted  to  on  account  of  limited  longitudinal  space,  it  is 
economy  to  use  the  easiest  grade  permitted  by  the  local  conditions — 
economy  even  in  first  cost — as  the  additional  cost  of  the  longer  low- 
grade  trestle  is  oft-en  offset  by  the  cost  of  less  expensive  machinery, 
and  there  is  less  danger  of  accident.  In  mechanical  classes  of  plants, 
as  the  inclines  are  required  for  relatively  small  height,  it  is  not 
necessary  to  give  them  a  very  steep  grade.  A  16  to  18%  grade  on  a 
gravity"  plant,  and  10  to  12%  on  a  mechanical  plant,  appear  to  be 
reasonable. 

The  grades  on  pier  decks  vary  from  0.5  to  1.5  per  cent.  When  the 
grade  is  less  than  1%,  a  short,  sharp  grade  is  sometimes  introduced 
to  give  an  impetus  to  the  cars  at  the  head  of  the  pier  and  at  the  switch- 
back. The  object  of  a  grade  on  the  pier  deck  is  to  enable  cars  to  move 
slowly  by  gravity.  In  the  summer  cars  in  good  condition  will  run 
freely  on  an  0.8%  grade  without  resort  to  pinch-bars.  As  coal  is  de- 
livered to  vessels  during  cold  as  well  as  warm  weather,  and  in  northern 
as  well  as  southern  climates,  the  selection  of  a  grade  for  any  pier  is 
more  or  less  a  matter  of  compromi.se;  grades  from  1  to  1.3%  give 
good  results  in  New  York,  but  grades  from  0.67  to  0.76%  appear  to 
give  equally  good  results  in  the  South  when  headed  by  a  sliarp  start- 
ing grade. 

Grades  for  the  return  tracks  vary  from  0.6  to  5%  for  hand-brake 
control,  but  it  is  considered  good  practice  to  keep  them  less  than  2% 
when  practicable,  and  to  ease  them  oif  as  their  lower  ends  approach 
the  empty  yard.  The  ])ercentage  of  grade  of  the  return  track  is 
governed  to  a  considerable  extent  by  the  location  of  the  empty  yard. 

All  changes   in  grade   are  eased  by  vertical   curves   extending  for 
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a  distance  of  from  ;35  to  50  ft.,  and  even  for  a  lonjj^er  distance,  where 
cireunistances  warrant,  depending-  on  the  degree  of  change  and  the 
l<'ni'th  of  grades.  The  number  of  tracks  on  approaches,  including 
(leek  and  empty  return,  with  their  grades,  are  given  in  Tables  1  to  4. 

Switchbacks  and  Pivot  Tablks. 

Switchbacks  are  intended  to  work  automatically,  and  have  grades 
and  lengths  proportioned  so  as  to  keep  the  empty  cars  moving  by 
gravity.  They  are  generally  constructed  with  adjustable  blocking,  in 
order  tliat  the  grades  may  be  quickly  adjusted  during  the  different 
seasons  of  the  year,  as  those  having  grades  satisfactory  for  handling 
cars  by  gravity  in  hot  weather  will  not  operate  well  in  cold  weather 
and  vice  versa.  The  grades,  etc.,  of  a  typical  switchback  are  indicated 
on  the  sketch,  Fig.  6. 

In  some  cases,  where  longitudinal  space  will  not  permit  the  con- 
struction of  a  switchback,  counterbalanced  transfer  or  pivot  tables  are 
used.  The  normal  position  of  the  table  is  in  line  with  the  delivery 
track.  Cars  are  run  on  the  table  by  gravity,  and  the  table  moves  by 
gravity  to  a  connection  in  line  and  grade  with  the  return  track,  the 
empty  car  then  leaves  the  table  by  gravity,  and  the  table  is  returned 
to  its  normal  position  by  the  counterweight.  Pivot  tables  of  this  char- 
acter are  in  use  at  Lamberts  Point,  Piers  Nos.  1  and  2,  in  Norfolk, 
and  at  Port  Covington  and  Clinton  Street  in  Baltimore.  One  man 
is  required  at  each  table  to  control  the  brake  levers  governing  the 
movement  of  the  table.  The  arrangement  of  a  typical  table  is  shown 
on  the  sketch,  Fig.  6. 

Wherever  there  is  sufficient  space  for  the  construction  of  a  properly 
designed  switchback,  it  is  i)referablc  to  a  pivot  table,  as  it  has  less 
mechanism  to  get  out  of  order  and  is  equally  effective. 

EqCII'MENT. 

The  equipment  in  connection  with  the  gravity  type  of  pier  as  herein 
discussed  embraces  bins,  pockets,  chutes,  and  power-incline  mechanism, 
and,  for  all  classes  of  piers,  scales  and  thawing  plants. 

Bins  and  Pockets. — For  the  purposes  of  this  paper,  the  following 
classification  of  bins  and  pockets  on  coal  piers  has  been  made: 

Bins. — Hoppers  or  receptacles  constructed  for  the  purpose  of  stor- 
ing coal  temporarily  or  permanently; 
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Pockets. — Hoppers  constructed  to  receive  the  coal  from  the  cars 
and  to  deliver  directly  into  the  chutes  without  storag:e. 

There  are  various   forms   of  construction  of  bins   and  pocket^s ;    a 
general  description  of  each  follows. 


From  D«U7ery  Traoka— l.O? 
To  EmnlT  Raturn  Traoka-n)'^ 


TYPICAL  SWITCHBACK  AND   PIVOT  TABLE 


Adjustable  Blookine 


Tiy 


PLAN 

SWITCHBACK 


— l.O^Trom  Delivery  Tracks 


-1.0?JTo  Empty  I'f^5^I'i.J_^Jt;^; 


'  Pivot  Table  Pit  I 


Counterweight  Cable 


SECTION  THROUGH  PIT 


PLAN 

PIVOT  TABLE 


Bins  in  most  cases  consist  of  partitions  framed  to  timber  bents  of 
the  approach  trestle;  they  have  wooden  floors,  and  the  coal  is  dropped 
from  the  car  bottoms  through  openings  in  the  deck.  In  some  instances 
these  bins  are  constructed  with  enclosed  sides  and  with  a  hopper  bot- 
tom, so  that  the  coal  may  be  reloaded  into  cars  or  loaded  into  wagons 


Papers.]  (.qAL   PIERS   ON   THE    ATLANTIC   SEABOARD  1797 

or  boats  through  chutes.  When  bins  have  sides  and  hopper  bottoms 
they  are  usually  lined  with  sheet  metal. 

Pockets  are  ordinarily  used  to  receive  the  coal  as  it  drops  from  the 
hopper  bottom  of  the  car  and  convey  it  to  the  chutes.  Pockets 
are  located  under  the  delivery  tracks  on  the  pier,  and  have  their 
bottom  outlet  at  the  side  of  the  pier  from  8  to  12  ft.  below  the  deck. 
Most  of  the  piers  examined  were  equipped  with  timber  pockets,  metal 
lined,  although  the  pier  of  the  Virginian  Railway  at  Sewells  Point 
in  Norfolk  has  metal  pockets.  The  upper  ends  of  the  pockets  are 
generally  about  9  ft.  long,  and  from  5  to  9  ft.  wide,  the  sides  and 
bottom  tapering  to  an  opening  at  the  side  of  the  pier  about  4  ft.  G  in. 
wide  and  from  2  ft.  6  in.  to  3  ft.  high.  In  general,  pockets  are  not 
designed  for  the  storage  of  coal;  Pier  No.  3  of  the  Norfolk  and  Western 
Railway  at  Lamberts  Point  and  the  pier  of  the  Virginian  Railway  at 
Sewells  Point  in  Norfolk  Harbor,  however,  have  gates  at  the  outlets, 
and  are  used  occasionally  for  temporary  storage. 

It  has  been  observed  tliat  operation  on  a  number  of  piers  would 
have  been  greatly  facilitated  had  the  pocket  tops  been  made  longer  and 
wider,  so  as  to  receive  the  full  discharge  of  coal  from  either  a  hopper 
or  gondola  car,  and  these  pocket  tops  should  preferably  be  made  at 
least  12  ft.  long  and  9  ft.  wide. 

Pockets  of  timber  lined  with  metal  are  not  as  durable  as  those  of 
metal  alone,  even  though  the  metal  be  of  the  same  thickness  in  each 
case,  because  water  gets  between  the  metal  lining  and  the  wood,  causing 
very  rapid  deterioration  of  both. 

Quite  a  number  of  pockets,  are  defective  in  their  design,  inasmuch 
as  they  do  not  permit  of  a  free  flow  of  coal  through  the  openings  to  the 
chute,  because  the  leads  to  the  chute  are  constructed  in  such  a  manner 
as  to  choke  the  flow  of  the  coal,  thereby  requiring  manual  labor  to  break 
the  jam.  A  pocket  which  will  permit  the  coal  to  flow  freely  should 
have  no  sharp  comers,  but  be  constructed  on  lines  of  curves  rather 
than  angles.  The  slope  of  the  bottom  should  be  from  40  to  45°,  prefer- 
ably 45°,  and  the  lead  to  the  chute  should  be  designed  so  that  it  will 
not  form  a  wedge  at  the  pocket  outlet. 

Coal  Chutes. — The  various  tj-pes  of  chutes  used  on  piers  for 
delivering  coal  to  vessels  may  be  divided,  into  four  general  types : 

(1)  Simple  hinged  chutes, 

(2)  Hinged    chutes    adjustable    at    the    upper    end, 
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(3)  Hinged   chutes   with   telescopic  leg   at   the   upper  end, 

(4)  Chutes  with  telescopic  leg  at  the  lower  end. 

Some  of  these  types  are  patented,  and  have  different  trade  names, 
according  to  the  notions  of  the  patentees,  but  the  foregoing  general 
classification  will  best  serve  the  purpose  of  this  paper.  Fig.  7  contains 
sketches  showing  the  general  characteristics  of  the  four  types.  A 
description  follows : 

Type  1. — Simple  Hinged  Chute. — This  is  the  simplest  type,  and  is 
installed  on  the  majority  of  piers  having  a  number  of  chutes  along  the 
side.  The  chute  is  of  metal,  or  of  timber  with  a  metal  lining.  It  is 
hinged  to  the  coal  pocket  outlet,  may  be  swung  to  any  desired  vertical 
angle  about  the  fixed  horizontal  hinge,  and  in  some  cases  has  been 
designed  with  a  pivot  arrangement  to  allow  a  lateral  swing  also.  The 
coal  drops  freely  from  the  outer  or  lower  end  of  the  chute  into  the 
liold  of  the  boat.  The  dimensions  of  these  chutes  are  dependent  to 
a  large  extent  on  the  general  size  of  the  pier  and  the  class  of  vessels 
coaled,  and  are  largely  based  on  the  judgment  of  the  different  designers, 
but  the  most  common  dimensions  are  approximately  as  follows :  width 
at  hinge  5  ft.  6  in.,  width  at  lower  or  free  end  4  ft.  6  in.,  depth  at 
hinge  18  in.,  depth  at  lower  or  free  end  10  in.,  the  length  varies  from 
12  to  30  ft.  On  several  piers  chutes  of  this  type  are  counterbalanced 
by  chains  or  cables  attached  to  hanging  weights,  the  counterweight 
chain  or  cable  being  operated  over  a  differential  drum  fastened  to  the 
drum  shaft  of  the  operating  winch.  Chutes  of  this  type  are  operated 
by  hand  winches,  and  in  general,  when  not  counterweighted,  it  requires 
the  services  of  one  man  for  about  5  min.  to  lower  and  adjust  a  chute 
from  its  full  vertical  position  to  the  position  ready  to  discharge  coal 
into  a  vessel,  and  it  takes  four  men  about  5  or  6  min.  to  raise  a  chute 
to  its  full  vertical  position.  When  the  chutes  are  counterbalanced  or 
over-counterweighted,  these  operations  may  be  accomplished  by  a  less 
force  and  in  less  time.  The  general  design  indicated  by  Type  1,  Fig.  7, 
is  typical,  but  there  are  a  number  of  modifications  for  handling  and 
counterbalancing,  all  more  or  less  effective,  some  of  which  are  patented. 

Type  2. — Hinged  Chute  Adjtistahle  at  Upper  End. — This  chute 
is  a  simple  apron  essentially  as  described  for  Type  1,  but  its  upper 
end  is  hinged  to  a  metal  frame  which  slides  through  a  vertical  guide 
attached  to  the  frame  of  a  fixed  vertical  leg.  The  chute  receives  the 
coal  directly  from  the  vertical  leg,  which  is  fed  from  the  pockets.     The 
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vertical  leg  is  of  metal,  or  wood  with  metal  liniug,  and  has  several 
regularly  spaced  openings  for  discharge  into  the  chute.  Each  of  these 
openings  is  provided  with  a  hinged  plate  which  can  be  swung  into 
a  vertical  position  to  close  the  opening  in  the  side  of  the  vertical  chute, 
or  down  into  an  inclined  position  to  form  a  floor  for  the  vertical  leg 
at  the  opening  from  which  it  is  desired  to  discharge.  This  type  al- 
lows a  vertical  adjustment  of  the  apron,  so  that  coal  can  be  delivered 
to  the  hatches  of  boats  without  too  great  a  drop  from  the  outer  end 
of  the  apron.  It  is  known  as  the  Henkel  patent.  The  vertical  adjust- 
ment of  the  iipper  end,  and  the  adjustment  of  swinging  the  apron 
through  its  vertical  angle  are  both  made  by  hand  winches.  This 
chute  is  sometimes  counterweighted  for  both  the  upper  and  lower  ends, 
in  a  manner  similar  to  that  for  Type  1.  The  power  necessary  to  handle 
and  adjust  this  type  is  considerably  more  than  for  Type  1,  as  it  re- 
quires two  men  about  5  or  6  min.  to  lower  the  upper  end  of  the  chute 
from  the  highest  to  the  lowest  pocket  outlets,  and  four  or  five  men 
from  12  to  20  min.  to  reverse  the  movement.  In  addition  to  this,  it 
takes  about  the  same  number  of  men  and  the  same  time  to  swing  the 
apron  through  its  vertical  arc,  as  described  for  Type  1.  Type  2,  Fig.  7, 
illustrates  this  chute.  It  is  used  on  the  piers  of  the  Philadelphia 
and  Reading  Railroad  at  Port  Richmond  in  Philadelphia  Harbor. 

Type  3. — Hinged  Chute  with  Telescopic  Leg  at  Upper  End. — This 
chute  is  a  simple  apron,  as  described  for  Type  1,  but  its  vipper  end  is 
hinged  to  a  vertical  telescopic  leg,  which  receives  the  coal  directly 
from  the  pocket  and  discharges  into  the  inclined  chute.  The  front 
or  slip  side  of  the  vertical  leg  is  open,  and  a  movable  hopper,  to 
which  the  apron  is  hinged,  can  be  adjusted  vertically  throughout 
the  length  of  the  leg.  A  series  of  sliding  plates,  resting  on  the  top 
of  the  movable  hopper  and  sliding  in  guides  in  the  front  face  of  the 
leg,  closes  the  front  face  of  the  vertical  leg  as  the  hopper  is  lowered. 
The  leg  being  adjustable  as  to  vertical  height,  and  the  inclined  chute 
being  hinged  thereto,  makes  it  more  flexible  than  either  Types  1  or  2, 
and  though  the  coal  falls  freely  from  the  outer  end  of  the  inclined 
chute,  the  height  of  the  fall  can  be  reduced  or  increased  by  adjusting 
the  vertical  leg.  These  chutes  are  operated  by  hand  winches,  and  the 
time  and  number  of  men  required  to  lower  and  raise  the  inclined  chute 
are  the  same  as  for  Type  1 ;  and,  in  addition,  it  requires  one  to  two 
men  from  5  to  10  min.  to  adjust  the  movable  hopper  from  the  highest 
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to  lowest  ])(isitioii.s,  ami  I'roiii  lour  to  live  men  from  10  to  '30  miii.  to 
ivveise  this  latter  operation.  These  chutes  are  generally  all  of  metal, 
and  in  most  eases  both  the  inclined  and  vertical  chutes  are  counter- 
weiiihted.  This  type  is  patented  and  generally  known '  as  the  Link 
licit  Chute.  It  is  illustrated  by  Type  .'5,  Fig.  7.  They  are  used  on 
I'ier  Xo.  G,  I'ennsylvania  Kailroad,  at  Cireenwich,  Philadelphia  Har- 
hor,  Curtis  Bay  pier  and  Port  Covington  pier,  in  Baltimore,  and  the 
\'irginian  liailway  pier  at  Sewells  Point,  in  Norfolk.  The  inclined 
ihutes  on  the  Sewells  Point  pier  are  pivoted  so  as  to  allow  the  lower 
I  nd  of  the  chute  to  swing  through  a  horizontal  arc  of  12^  ft.  on  each 
>ide  of  the  center  line,  or  a  total  of  25  ft. 

Ti/pe  Jf. — Chute  with  Telescopic  Leg  at  Lower  End. — This  type 
consists  of  a  vertical  telescopic  chute  attached  to  the  outer  end  of  an 
inclined  ai)ron.  The  coal  slides  down  the  apron  into  the  vertical  chute 
and  into  the  hold  of  the  vessel.  It  is  of  metal,  the  lower  end  of  the 
inclined  apron  being  covered  and  the  lower  end  of  the  vertical  tele- 
seopic  chute  having  a  gate  so  that  the  chute  can  generally  be  kept 
full  of  coal  in  order  that  it  will  flow  in  an  unbroken  stream  from  the 
lower  mouth  of  the  chute  without  excessive  fall.  The  vertical  tele- 
scopic leg  is  generally  pivoted  to  the  apron  near  its  upper  end,  so  that 
the  low^er  end  can  be  swung  to  deliver  to  the  sides  as  well  as  to  the 
middle  of  the  hold,  and  in  this  way  save  in  the  amount  of  trimming, 
(ienerally,  the  vertical  leg  is  adjustable  through  a  range  of  13  ft.,  and, 
in  addition,  the  apron  is  adjustable  through  a  vertical  range  of  32 
ft.,  so  that  the  arrangement  is  readily  adapted  for  any  reasonable  depth 
if  hold  or  height  of  hatches.  This  chute,  being  very  heavy,  requires 
nieehanieal  power  for  its  operation.  A  number  of  the  mechanical 
idants  in  New  York  Harbor  are  equipped  with  chutes  of  this  type. 
Type   4,   Fig.    7,    indicates   its   general   construction    and   adaptability. 

These  four  general  types  embrace  all  the  chutes  now  in  use  on 
piers  on  the  Atlantic  Seaboard.  There  are  numerous  modifications, 
however,  some  of  which  have  been  put  into  actual  use  on  coal  piers 
in  some  of  the  Great  Lake  ports.  A  modification  of  Type  1  is  shown 
on  the  sketch  of  the  car  dumper.  Fig.  4.  This  is  a  simple  hinged 
chute  with  a  telescopic  extension  at  its  lower  end. 

The  movable  tower.  Fig.  4,  is  a  modification  of  Type  4,  to  the  lower 
end  of  which  has  been  added  a  horizontal  arm  capable  of  being  swung 
in  a  horizontal  arc,  which  distributes  the  coal  to  any  part  of  the  hold. 
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The  device  is  known  as  a.n  automatic  triinnier,  but,  as  far  as  the  writer 
can  ascertain,  it  has  not  yet  been  used. 

In  general,  the  height  of  the  pier  and  the  design  of  the  chutes  are 
to  a  great  extent,  the  limiting  factors  for  any  one  pier,  because,  on 
the  height  of  the  delivery  end  of  the  chute  depends  the  size  of  the 
boats  that  can  be  coaled  at  that  pier,  without  excessive  costs  for 
handling  the  coal.  It  is  usually  recognized  that  the  angle  of  repose 
for  anthracite  coal  is  about  27°  with  the  horizontal  and  for  bituminous 
coal  about  35°  with  the  horizontal,  and  the  chutes  should  be  designed 
to  discharge  to  the  boats  so  that  the  delivery  end  will  allow  a  free 
flow  into  the  hold  without  requiring  shoveling  in  the  chute,  aiid  this 
will  necessitate  an  inclination  of  the  chutes  of  somewhat  greater  angles 
than  those  mentioned.  Tests  show  that  coal  flows  on  metal  chutes 
at  a  less  angle  in  summer  than  in  winter,  and,  in  general,  the  inclina- 
tion of  the  chute  should  never  be  less  than  35°  for  bituminous,  and 
that  the  best  results  are  obtained  when  the  chutes  are  inclined  from 
40  to  45  degrees. 

Relative  Merits  of  the  Four  Types  of  Chutes. — The  qualities  which 
determine  the  relative  merits  of  the  several  types  used  on  gravity 
plants  are: 

(1)  Simplicity   of  mechanism   and   adjustment, 

(2)  Area  of  distribution, 
■  (3)   Speed  of  delivery, 

(4)  Quantity  of  breakage, 

(5)  Cost  of  installation, 

(6)  Cost  of  operation, 

(7)  Cost  of  maintenance. 

The  fixed-hinge  chute,  Type  1,  has  the  nierit  of  simplicity,  speed 
of  delivery,  and  relatively  low  cost  of  installation  and  maintenance. 
Its  area  of  distribution  is  generally  contracted.  The  cost  of  distribut- 
ing after  delivery  into  the  hold,  and  the  damage  of  the  coal  due  to 
excessive  breakage,  may  offset,  to  a  large  extent,  the  merits  which  it 
possesses.  This  type,  however,  is  used  on  a  large  majority  of  piers. 
The  cost  of  a  metal  chute,  erected  in  place,  with  counterweight  and 
winches,  will  vary  from  $800  to  $1  000. 

The  hinged  chute,  adjustable  at  the  upper  end,  Type  2,  and  the 
hinged  chute  with  telescopic  leg  at  the  upper  end,  Tyi^e  3,  have  the 
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merit  (if"  (li^trihutiii^-  delivery  and  small  lireakag-e,  hut  the  greater  cost 
of  installation,  operation,  and  maintenance  may  offset  their  merits,  to 
>()me  extent,  depending  on  tlie  commercial  conditions  under  which 
the  coal  is  liandled.  The  complete  cost  of  this  type,  connected  to  the 
vertical    l<'^-#   on    the   pier,   varies   from   $1500   to  $1600. 

A  number  of  devices  have  been  patented  and  tried  on  the  ends  of 
tixed  chutes,  with  an  idea  of  reducing'  the  breakage  of  coal,  giving  a 
greater  distribution  for  gravity  piers,  but  most  of  them  have  been 
di.scarded  because  they  were  cumbersome  and  slow,  or  wore  out  quickly; 
in  eases  where  they  have  been  meritorious  they  have  been  discarded 
on  account  of  lack  of  interest  by  tlie  pier  management,  which  may 
have  felt  that  the  quick  releast^  of  vessels,  a  large  daily  tonnage,  and 
consequent  reduction  in  pier  operating  expenses,  will  be  more  important 
to  the  railmad  interests  than  the  loss  in  the  value  of  the  coal  to  the 
customers  due  to  the  breakage.  The  question  is  really  a  comjnercial 
one  for  each  pier,  as  to  whether  the  railroad's  interests  are  or  are  not 
best  served  by  the  increased  expense  of  installing  and  maintaining 
cluites  wliich  deliver  the  coal  with  the  least  breakage. 

The  chute  with  the  telescopic  leg  at  the  lower  end.  Type  4,  because 
of  its  weight,  is  adaptable  mainly  to  mechanical  plants  or  on  gravity 
piers  ecjuipped  with  mechanical  power  for  handling  the  chutes.  This 
type  has  the  merits  of  wide  distribution,  speed,  and  least  breakage; 
but.  for  gravity  piers,  has  a  high  cost  of  installation,  oix^ration,  and 
maintenance,  and  is  cumbersome  in  handling.  The  merit  of  distribut- 
ing the  coal  over  a  considerable  area,  thereby  reducing  the  cost  of 
hand  trinuning  is  a  commercial  factor  to  be  weighed  against  the  cost 
of  installatidu  and  of  maintenance  and  power  for  operation. 

On  accovnit  of  the  varieties  of  bituminous  coal  handled  from  piers, 
different  arrangements  have  to  be  provided  in  the  various  ports.  In 
Norfolk  Harl)or  the  coal  handled  is  the  Pocahontas  variety,  nominally 
hard  and  lumpy,  with  little  dust.  It  may  be  dropped  from  greater 
heights  thaii  is  permissible  for  other  varieties,  and  will  not  be  badly 
broken.  On  account  of  breakage,  particular  care  has  to  be  taken  in 
ports  where  soft  grades  of  coal  are  handled,  especially  for  foreign  ship- 
ments. 

Track  Scales. — Track  scales  are  provided  wherever  the  bu.siness 
requires  that  the  coal  be  weighed.  They  are  placed  at  a  practical 
location  on  the  delivery  track  on  the  ground  or  pi(>r.  or  at  the  entrance 
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of.  the  load  yard.  Empty  cars  are  seldom  weighed,  but  when  necessary, 
this  may  be  done  on  the  general  yard  scales.  There  is  only  one  pier 
where  a  scale  was  installed  on  the  empty  return  track  to  weigh  empty 
cars,  and  it  has  been  abandoned. 

In  most  cases  the  scales  are  located  so  as  to  require  the  least  shift- 
ing of  the  cars,  and  be  convenient  for  observation  and  the  concentra- 
tion of  the  clerical  forces.  Their  lengths  are  such  as  to  meet  the 
requirements  of  the  standard  length  of  cars  used,  the  running  speed 
while  being  weighed,  and  whether  cars  are  weighed  while  coupled  or 
while  moving  singly.  The  standards  in  use  by  the  various  roads  vary 
from  32  to  60  ft.  for  scales  not  fitted  with  automatic  weighing  devices, 
and  from  34  to  46  ft.  for  those  fitted  with  such  apparatus.  On  the  two 
new  piers  now  in  course  of  construction  in  Norfolk  Harbor,  scales  68 
ft.  long,  with  autoiuatic  weighing  devices,  are  contemplated.  The 
weighing  capacities  of  the  scales  on  the  piers  and  in  the  yards  in  the 
various  ports  vary  from  160  000  to  300  000  lb.  About  one-half  of  the 
scales  investigated  were  equipped  with  automatic  weighing  devices. 

Scales  must  have  unyielding  foundations,  ample  strength,  and 
capacity  in  excess  of  the  ordinary  requirements,  in  order  to  withstand 
the  constant  use  and  vibrations  without  having  their  accuracy  destroyed. 

Power  Incline  Mechanism, — The  equipment  for  a  power  incline 
usually  consists  of  a  couple  of  boilers,  an  engine,  and  a  cable  running 
over  pulleys  and  drums  generally  attached  to  what  is  called  a  mule, 
which  is  arranged  so  as  to  push  the  car  up  the  incline  to  the  deck. 
In  one  instance — the  pier  of  the  Virginian  Railway  Company  at 
Sewells  Point,  Norfolk  Harbor,  electrical  power  is  used  instead  of 
steam.  Some  of  the  power  inclines  are  not  equipped  with  a  mule,  but 
a  cable  is  attached  directly  to  the  front  end  of  the  car,  which  is  pulled 
up  instead  of  being  pushed.  The  mule  arrangement  is  considered 
safer  for  operating  purposes,  and  requires  less  inspection  of  the  draw- 
bars and  car  mechanism  than  the  cable  haul.  The  complete  mechanical 
equipment,  installed,  will  cost  about  $17  000  for  a  16%  incline,  or 
$25  000  for  a  25%  incline. 

Coal-Thawing  Plants. — Three  types  of  plant  for  thawing  frozen 
coal  are  in  use.  One  is  simply  the  thawing  of  coal  in  cars  while  on  the 
pier  deck  or  in  the  yard  by  steam  jets  inserted  in  the  coal,  steam  being 
furnished  from  a  locomotive  or  from  independent  boilers.  In  the 
second  type  the  coal  is  also  thawed  by  jets  of  steam,  but  the  plant  is 
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iii!-tiillc(I  iKTuiauiiitly  iii  sheds.  Tlie  lliir.l  type  is  soinewhiit  elaborate, 
tlie  coal  liciii^'  tliawcl   iiiidrr  cover  by  hot  air. 

As  thawing  is  required  only  during-  severe  weather,  and  then  pos- 
sibly only  for  short  seasons,  it  is,  at  a  number  of  piers,  not  considered 
of  sufficient  importance  to  justify  the  expense  of  installation,  and  in 
such  places  frozen  coal  is  broken  by  hand. 

There  are  nine  plants  of  the  first  type,  located  at  Elizabeth,  Hoboken, 
Weehawken,  and  Guttenberg,  in  New  York  Harbor,  Greenwich  port, 
in  Philadelphia,  Port  Covington,  in  Baltimore,  and  Lamberts  Point, 
Sewells  Point,  and  Newport  News,  in  Norfolk  Harbor.  There  is  one 
of  the  second  type  at  Edgewater,  and  one  of  the  third  type  at  South 
Amboy,  in  New  York  Harbor. 

COXSTRUCTIOX. 

The  construction  of  most  gravity  piers  is  of  a  temporary  character, 
and  consists  of  pile  foundations  and  framed  timber  superstructure. 
Judging  from  the  fact  that  a  large  number  of  these  piers  do  not  at 
present  meet  the  increased  re(iuircments,  their  temporary  character  of 
construction  was  apparently  justified.  Some  of  the  more  modern  ones, 
however,  such  as  those  at  Sewells  Point  and  Lambert*  Point  (Piers 
Nos.  2  and  3),  Norfolk  Harbor,  are  constructed  in  a  permanent  manner 
over  the  length  of  the  dock,  but  such  construction  was  practically  made 
necessary  because  of  their  great  height  and  large  capacity.  The  piers 
under  construction  by  the  Norfolk  and  Western  at  Lamberts  Point, 
and  the  Chesapeake  niul  Ohio  at  New]iort  News  will  also  be  of  perma- 
nent construction. 

As  the  cargoes,  oiierating  conditions,  and  possible  future  develop- 
ments are  at  present  better  understood,  the  modem  pier,  in  order  to 
meet  existing  conditions  and  anticipated  developments,  should  be 
built  in  a  more  permanent  manner  than  heretofore,  so  as  to  secure  the 
necessary  stability  under  the  more  severe  operating  conditions  and  as 
a  precaution  against  danger  of  destruction  by  fire. 

Operation. 

The  direct  cost  of  operating  a  pier  includes  clerical  force,  policing, 
engine  service,  expenses  for  running  the  machinery,  and  the  labor  of 
dumping  cars  and  trimming  coal.  The  items  of  interest  on  investment, 
maintenance  of  plant,  and  depreciation  are  also  proper  charges  w'hich 
affect  materially  the  cost  of  handling  coal,  and  though  not  herein  con- 
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sidered  part  of  the  operating  expenses,  they  are  fully  accounted  for 
under  the  heading,  "Relative  Merits  of  Different  Classes  and  Types." 
The  items  of  expense  due  to  general  office,  supervision,  yard,  and  Tug- 
boat service  have  not  been  considered  in  this  paper,  as  they  have  no 
important  bearing  on  its  object. 

Clerical  Force  and  Policing. — The  expenses  of  office  force  and 
policing  vary  somewhat  with  the  capacities  of  the  plants.  On  one 
gravity  plant  investigated  these  charges  in  1911  amounted  to  $8  008 
for  clerical  force  and  $1 416  for  policing,  a  total  of  $9  484  for  an 
output  of  2  078  321  tons,  making  an  average  cost  per  ton  of  about  0.46 
cent.  During  that  year  the  pier  worked  to  about  90%  of  its  estimated 
average  capacity,  or  at  the  average  rating  of  180  cars  per  day  for  270 
days.  If  it  had  worked  to  its  full  average  capacity  of  180  cars  for 
300  days,  the  cost  per  ton  would  have  been  about  0.42  cent,  and  if  it 
had  worked  to  a  capacity  of  200  cars  per  day  for  300  days  the  cost  per 
ton  would  have  been  0.38  cent.  This  cost  of  0.38  cent  per  ton,  there- 
fore, may  be  considered  a  reasonable  charge  for  clerical  force  and 
policing  on  a  pier  working  to  a  normal  capacity  of  200  cars  per  day. 
Wlien  working  to  1^>%  of  the  normal  capacity,  the  cost  would  be  about 
0.50  cent  per  ton. 

Engine  Service. — A  locomotive  incline  type  of  pier  working  to  an 
average  capacity  of  200  cars  per  day  requires  the  constant  use  of 
one  locomotive  for  pushing  the  cars  from  the  yard  to  the  pier  deck. 
The  average  charge  for  an  engine  which  will  do  the  work  effectively 
will  approximate  $43  per  day,  the  cost  being  made  up  of  the  following 
items : 

Repairs $10.94 

Miscellaneous   expenses 1.64 

Interest  on  cost,  $13  500  at  5% 1.85 

Depreciation  "         "      "    1.85      $16.28 

Coal,  8  tons   at   $1.00 $8.00 

Lubrication 0.24 

Water 0.77 

Other   supplies 0.31 

Engine-house   expense....! ,...'....        0.70        10.02 
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One  enginwr $4.00 

One  fireman 2.50 

One  conductor 3.60 

Two  luMkci^nu'u  at  $3.30  each 6.G0        10.70 

ToUil   daily   cliarye   ajiainst    operation $43.00 

This  cng-ine  service  would  amount  to  $12  900  per  year  of  300  working 
days,  or  about  0.51  cent  per  ton,  on  the  basis  of  an  average  car  load  of 
42  tons.  For  piers  of  the  barney  incline  type,  or  mechanical  type, 
where  the  yard  is  arranged  so  as  to  permit  the  loaded  cars  to  drift 
by  gravity  from  the  yard  to  the  barney  pits,  no  engine  service  will  be 
required,  but,  when  not  thus  arranged,  one  engine  will  be  required 
for  bringing  tlic  luadod  cars  to  the  barney,  at  a  cost  of  0.51 
cent  per  ton. 

Expenses  of  Operating  Marhinery. — On  the  power  incline  type  of 
pier,  with  a  22^^  grade,  and  developing  a  capacity  of  200  cars  per  day, 
the  daily  charges  for  operating  the  haulage  system  (not  including 
dumping  cars  or  engine  service)   will  be  about  as  follows: 

Coal,  6  tons  at  $2.50 $15.00 

Oil,    water,   light,    etc 3.25      $18.25 

One  engineer $4.00 

Two  firemen  at  $2.40 4.80 

Two  signal  men    "      2.00 4.00 

Four   car   riders   ''      2.00 8.00 

One  general  man   "      2.40 2.40        23.20 

T<ital  daily  diargc $41.45 

Thi.s  is  equal  to  a  cost  of  0.49  cent  per  ton.  If  the  plant  should  work 
to  only  75%  of  its  average  daily  capacity,  the  cost  per  ton  would  be 
about  0.60  cent,  assuming  that  only  the  coal  consumption  is  reduced. 
On  a  modern  meclianical  car  dumper,  operated  by  steam,  with  an 
average  capacity  of  200  cars  per  day,  the  daily  cost  for  operating  the 
machinery,  including  dumping  cars,  but  exclusive  of  the  engine  service, 
will  be  about  as  follows : 
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Coal,  15  tons  at  $2.50 $.37.50 

»  Oil,  water,  incidentals,  etc S.OO      $15.50 

One  engineer $1.00 

Two  firemen  at  $2.10 4.80 

One  cradle  and  apron  operator.  . .  .  3.00 

One  ear  handling  machinery 3.00 

One  chute  operator 2.50 

Four  car  riders  at  $2.CK) 8.00        25.30 

Total    daily    charge $70.80 

This  is  equal  to  a  cost  of  0.81  cent  per  ton.  If  the  plant  should  work 
to  only  75%  of  its  average  daily  capacity,  the  cost  per  ton  would  be 
about  0.98  cent,  assuming  that  only  the  coal  consumption  is  reduced. 

Labor  of  Unloading  Coal. — On  gravity  piers,  with  a  maximum 
capacity  of  300  cars  per  day  and  an  average  of  about  200  cars  per  day, 
it  requires  about  eight  gangs  of  eight  men  each  on  the  deck,  and  one 
general  foreman,  for  unloading  8  cars  at  a  time  into  boats  in  two  slips. 
It  takes  one  gang  about  2  min.  to  dump  a  car  of  coal,  under  the  most 
favorable  conditions,  and  as  many  as  45  min.  when  the  coal  is  frozen. 
In  general,  3  cars  per  chute  per  hour  is  considered  good  work. 

On  some  piers  the  unloading  of  the  coal  after  the  cars  are  placed 
on  the  deck  is  done  by  agreement  with  the  men  on  the  basis  of  a  unit 
price  per  car.  At  a  pier  in  N^ew  York  Harbor,  average  capacity  150  cars 
per  day,  a  car  of  any  size  is  unloaded  for  $1,  or  at  about  2.38  cents  per 
ton.  At  a  pier  in  Philadelphia  Harbor,  average  capacity  100  cars  per 
day,  cars  are  vmloaded  at  the  following  rates : 

60  000-lb.  wooden  gondolas,  $1.00  =  3.73  cents  per  gross  ton. 
100  000    "    self-dumping  cars,  1.50  =  3.36      "        " 
315  000    "    steel    gondolas,         2.00  =  3.88      "        " 

On  a  pier  in  Baltimore,  average  capacity  ISO  cars  per  day  during 
1911,  the  cost  for  labor  alone  in  dumping  cars  was  1.89  cents  per  ton. 
This  may  also  be  considered  a  reasonable  price  for  a  pier  of  the  locomo- 
tive incline  type,  working  up  to  a  normal  capacity  of  200  cars  per  day, 
and  the  cost  will  be  the  same  for  a  pier  of  the  power  incline  type.  For 
mechanical  plants  which  dump  the  ears  bodily,  the  cost  of  unloading 
is  included  in  the  cost  of  handling  the  plant. 

Trimming  Coal. — Trimming  is  usually  paid  for  by  the  hour,  and 
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the  cost  will  ik'pciid  lai'^ely  on  tlu'  riiliiif;-  wages,  tlie  type  of  eliutes 
on  the  pier,  and  the  eharacter  of  the  vessels  loaded.  For  simple  hinged 
chntes,  which  praetieally  do  no  distrihuting,  there  is  necessarily  more 
trimminii'  than  for  those  which  are  telescopic  and  adjustahle.  The  cost 
of  trimming  for  one  large  plant  in  Baltimore  Harbor  during  1911  was 
3.42  cents  per  ton.  In  general,  where  trimming  is  done  under  agree- 
ment with  stevedore  companies,  the  price  iier  ton  is  about: 

.■;  cents  for  ojien-top  boats,  such  as  barges  and  lighters, 

■">     '■        "    single-deck  boats, 

7  *'  "  large  double-deck  colliers. 
In  nuH-hanii'al  i)lants  with  the  ordinary  car  dumper,  and  telescopic 
chute  at  the  lower  end,  the  amount  of  hand  trimming  is  estimated 
at  about  90^^  of  that  reciuired  when  boats  are  loaded  from  gravity 
plant.-^.  Mechanical  trimmers  attached  to  the  lower  end  of  the  tele- 
scopic leg  Would  probably  require  only  75%  of  the  amount. 

For  estimating  purposes,  in  connection  with  200-car  average  daily 
capacity  piers,  when  coaling  to  all  classes  of  boats,  the  following  costs 
per  ton  for  trimming  will  represent  fairly  well  the  average  prices : 

(a)  Gravity  jiiers,  chutes  having  adjustable  legs... 3. 42  cents. 

(b)  Car-dumping  machines  with  telescopic  chute.  .3.08      '' 

(c)  Car-dumping  machine  with  met'hanical  trimmer.2.r)6      " 

Summary. — Reasonable  and  fair  charges  per  ton  for  the  operating 
expenses  of  locomotive  incline  type,  power  incline  type,  and  car- 
dumping  type  of  plant,  each  working  to  its  normal  capacity  of  about 
200  cars  per  day,  and  when  yard  grades  are  such  as  to  permit  the 
gravity  delivery  of  cars  from  the  load  yard  to  the  barney  pits  without 
engine  service,  are  given  in  Table  10. 

TAI5IJ'  in. — C'HAKGE  PER  Tox  FOR  Operating  Expenses  for 
\'ARiors  Plants;  Fi^ll  Xormal  Capacity. 


Items. 


Locomotive 
incline. 


Power 
incline. 


Car-dumping 
machine. 


Oftlce  ami  policing 

Engine  service 

Labor  and  fuel  for  machinery. . . 
Unloading  cars 

Total,  exclusive  of  trimming 
Trimming  coal 

Total,  including  trimming.. < 


Cents. 
0.88 
0.51 

i!89 


Cents. 

0.38 


0.4!^ 
1.89 


Cents. 

0.38 


0.S4 


3.78 
3.42 


2.76 
3.42 


1.22 
3.08 


6.80 


6.18 
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In  ease  the  piers  should  work  only  to  about  75%  of  their  normal 
capacities,  which  is  nearer  actual  practice,  the  operating-  charg-es  per 
ton,  other  conditions  being  the  same  as  above,  will  be  as  given  in 
Table  11. 

TABLE  11. — Charge    per   Ton    for   Expenses  when  Operating 
TO  75  Per  Cent,  of  Normal  Capacity. 


Items. 


Locomotive 
incline. 


Power 
incline. 


Oar-dumping 
machine. 


Office  and  policing 

Engine  service 

Labor  and  fuel  for  machinery. . . 
Unloading  cars 

Total,  exclusive  of  trimming 
Trimming  coal 

Total,  Including  trimming. . . 


Cents. 

0.50 
0.51 

i!89 


Cents 

0.50 


0.60 
1.89 


Cents. 
0.50 


0.98 


2.90 
3.42 


2.99 
4.32 


1.48 
3.08 


6.32 


6.41 


In  cases  where  engine  service  is  required  for  bringing  the  loads 
from  the  yards  to  the  barney  of  barney-incline  and  car-dumping  plants, 
the  cost  of  such  service  should  be  added  to  that  of  operating  either 
the  barney-incline  or  car-dumping  types,  and  under  such  conditions, 
the  operation  cost  per  ton  for  the  three  types  would  be  as  given  in 
Table  12. 

TABLE  12. — Operating  Costs. 


■-;•:-■.       ■     • 

Locomotive 
incline. 

Power 
incline. 

Car-dumping 
machine. 

A.— Plants  Working  to  Full  I 

VoRMAL  Capacity. 

Cents. 

2.78 
6.20 

Cents. 

3.27 
6.69 

Cents. 

1.73 

4.81 

B. — Plants  Working  to  75  Per 

Cent,  of  Normal  Ca 

PACITY. 

2.90 
6.32 

3.50 
6.92 

1.99 

5.07 

The  charges  for  interest,  maintenance,  and  depreciation  also  enter 
into  the  cost  per  ton  for  handling  coal,  and  are  considered  in  connec- 
tion with  and  under  the  heading  "Relative  Merits  of  Different  Classes 
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;iii(l  Types.''  Therefore,  the  opi'iMtiu^  costs  alnne,  as  contained  in 
tlie  foregoing  tabuhuions,  shoulil  not  be  eoiisidered  as  representing 
the  relative  eeononiy  of  the  ilitferent  ph^nts. 

Rki.ativk  ^Ikhits  of  Dikkeukxt  Ci.assks  and  Tvi'ks. 

Kach  type  of  pier  herein  described  has  certain  features  wliich  may 
jiive  it  a  preponderance  of  merit  for  tliat  particular  location  and  those 
special  service  requirements  for  which  it  is  best  adai)ted.  Therefore, 
tlie  relative  merits  of  the  different  types  should  not  l)c  judjicd  inde- 
pendently of  a  consideration  of  the  particular  local  situation  and  re- 
quirements  which   the   construction   of   the   plant  will   have   to   meet. 

In  every  ca.se,  however,  where  the  local  conditions  will  permit  of 
tlie  adoption  of  a  gravity,  tnechanical,  or  combination  type,  the  rela- 
tive merits  should  be  measured  by  the  relative  efficiencies  for  the 
location  considered.  For  a  proper  determination  of  these  efficiencies 
the  following  items  must  be  examined: 

(1)  Discharging  capacities, 

(2)  Ability  to  make  simultaneous  deliveries  to  several  vessels, 

(3)  Relative  freedom  from  i)os.sible  breakdown  which  will  seriously* 
delay  operation, 

(4)  Relative  breakage  of  coal  during  delivery, 
(a)   Cost  of  plant, 

(0)   Interest  on  co.st, 

(7)  Depreciation  of  plant  to  be  taken  care  of  by  an  annual  fund 
drawing  compound  interest,  which  will  amount  to  a  sufficient 
sum  to  renew  the  various  parts  of  the  plant  at  the  end  of  their 
estimated  serviceability  period, 

(5)  Cost  of  operation,  which  includes  cost  of  handling  and  dump- 
ing cars,  policing,  office  expenses,  engine  service,  expenses  for 
o]jeratii)g  machinery,  trinnning,  etc. 

Items  <!,  7,  <rnd  8,  representing  interest,  dejireciation,  and  operation, 
are  the  annual  charges  in  connection  with  the  plant,  and,  when  stated 
in  terms  of  cost  per  ton  of  coal  output,  the  relative  cost  per  ton  for 
tli(>  different  types  will  represent  their  relative  economy.  The  plant 
which  may  have  the  merit  of  greatest  economy  in  cost  per  ton  of  coal 
output,  may  be  deficient  to  such  an  extent  in  regard  to  capacity,  sim- 
ultaneous delivery  to  several  vessels,  possible  breakdown,  and  coal 
breakage,   as   to  offset   its   ai)i)ar(>nt   ocon(Mny ;    therefore,   all    the  eight 
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items  mentioned,  and  not  merely  apparent  economy,  should  be  fully 
considered  when  determining  the  relative  merits  of  different  types  for 
a  particular  location. 

Relative  Economy. 

For  the  purpose  of  determining  the  relative  economy  of  a  locomo- 
tive incline  of  Type  A6,  a  power  incline  of  Type  A8,  and  a  mechanical 
car  dumper  of  Type  B2,  detailed  estimates  have  been  prepared  covering : 

(1)  Temporary  construction,  namely,  pile  and  timber  work  as 
far  as  practicable,  that  exposed  in  water  being  treated. 

(2)  Partly  permanent  construction,  namely,  trestle  approaches, 
bulkheads,  barney  inclines,  and  empty  return  trestle  for  me- 
chanical plants,  of  pile  and  timber  construction  as  far  a.s  prac- 
ticable; and  the  pier  substructure  and  superstructure,  from 
the  bulkhead  to  the  sea  end,  with  the  exception  of  barney  and 
return  trestles  for  mechanical  plants,  of  steel  and  concrete 
as  far  as  practicable. 

(3)  Permanent  construction,  namely,  all  parts,  including  ap- 
proaches, to  be  of  steel  and  concrete  as  far  as  practicable. 

These  estimates  include  everv^thing  except  right  of  way.  grading, 
and  tracks,  and  are  based  on  the  following  assumptions: 

(1)  Local  Conditions. — Local  conditions  suitable  for  the  construc- 
tion of  an  economical  design  of  each  type,  the  grade  in  the  load  yards 
being  such  as  to  give  gravity  delivery  of  loads  to  the  foot  of  the 
barney  incline  for  Types  A8  and  B2  plants,  thereby  not  requiring 
engine  service  for  this  purpose.  '    ' 

(3)  Normal  Average  Capacity. — The  normal  average  capacity  of 
each  plant  to  be  200  cars  per  day  for  300  days  per  year,  or  an  annual 
output  of  2  520  000  gross  tons,  based  on  the  average  of  42  tons  per  car. 

(3)  Dimensions. — For  locomotive  and  power  incline  types:  length 

from  bulkhead,  500  ft. ;  height  above  mean  tide,  60  ft. ;  width  at  lower 

deck,  TO  ft.;  two  slips,  each  500  ft.  long,  200  ft.  wide,  and  30  ft.  deep. 

For  mechanical  car  dumper:  pier  length,  800  ft.;  width,  55  ft.;  only 

one  slip,  800  ft.  wide  and  30  ft.  deep. 

(Jf)  Tracls  and  Grades. — Locomotive  incline:  one  track.  3%  grade; 
pier  deck,  2  tracks,  1%  grade;  empty  return,  one  track,  about  2%  grade. 

Power  incline.  Type  A8 :  one  track,  20%  grade ;  pier  deck  and  empty 
return,  same  as  for  locomotive  incline. 
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Mrcluiiiical   car  dunipor:   Imnicy   iiiclino;   (Uic   track   on    129(    grade, 
.111(1  ciiiiity  return  dvcr  track  on  grade  varying  from  :3  to  1  per  cent. 
(.5)   Cost  of  Plant. — Present  average  ruling  prices. 

(6)  Interest  on  Investment. — 5^^  annually. 

(7)  Depreciation. — The  assumption  is  made  that  at  the  end  of  25 
years  the  conditions  will  have  changed  to  such  an  extent  as  to  neces- 
sitate the  re-design  and  construction  of  all  temporary  work  and  machin- 
ery, and  at  the  end  of  50  years  all  permanent  work,  except  dredging 
in  slips.  The  charges  for  this  depreciation  are  taken  care  of  by  an 
annual  renewal  fund  drawing  compound  interest  at  4  per  cent. 

(8)  Maintenance  Cliarges  per  Annum. — 

Temporary  work. — Pier  .substructure  and  bulkheads.  .  5% 

Pile  foundations  in  approaches..  .  5% 

Untreated    framed    timbervvork.  .  .  10% 

Permanent  work. — Steelwork     2% 

All    other    construction 1% 

Machinery. —  Power  incline,  car  dumper,  scales, 

chutes,    etc 10% 

Dredging. — 1% 

Operation. —  From  Table  12. 

TABLE  i;i — CoMPAKATivE  Estimates  of  Cost. 


Type  of  pier. 


Temporary  Construction. 

Loco,  inclinp.  A6 

Power  incline,  A8 

Car  dumper,  B2 

Partly  Permanent  Construction 

Lot'O.  incline,  A6 

Power  incline,  A8 

Car  dumper,  B2 

Permanent  Construction. 

Loco,  incline,  A6 

Power  incline,  A8 

Car  dumper,  B2 


Cost  of 
plant. 


$307  720 
299  280 
279  640 

373  790 
365  850 
334  610 

431  400 
895  980 
840  260 


Cost  per  Ton  of  Coal,  in  Cents. 


0.61 
0.59 
0..^5 

0.74 
0.72 
0.66 

0.86 
0.79 
0.67 


0.25 
0.24 
0.22 

0.18 
0.17 
0.16 

0.12 
0.13 
0.14 


0.76 
0.74 
0.66 

0.56 
0.54 
0.52 

0.87 
0.41 
0.47 


Operation. 


o  o       s 

L.  1;     I       I.. 
fe"D 


2.78  3.42 
2.76  3.42 
1.22     3.08 


2.78 
2.76 
1.22 

2.78 
2.76 
1.22 


3.42 
3.42 
3.08 

3.42 
3.42 
3.08 


6.20 
6.18 
4.30 

6.20 
6.18 
4.80 

6.20 
6.18 
4.80 


Total 
charges 
per  ton. 


7.82 
7.75 
5.73 

7.68 
7.61 
5.64 

7.55 
7.51 
5.58 


The  results  of  the  estimates  are  summarized  in  Table  13,  which 
shows  the  relative  economy  of  the  different  types  and  kinds  of  construe- 
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tion,  in  terms  of  the  total  cost  per  ton  of  coal  output,  and  when  hased 
on  the  assumed  conditions. 

It  will  be  observed  that,  under  the  assumed  conditions: 

(a)  The  mechanical  ear-dumper  type  will  not  only  be  the  least 
expensive  in  first  cost,  but  is  also  by  far  the  most  economical 
in  total  charges  per  ton  of  coal  output; 

(b)  The  power  incline  type  is  somewhat  less  expensive  in  first  cost 
than  the  locomotive  incline,  and  is  also  a  little  more  econom- 
ical in  total  cost  per  ton  of  coal  output ; 

(c)  That  though  the  permanent  construction,  for  any  of  the  three 
types,  will  necessarily  cost  moi'e  than  temporary  or  partly 
temporary  work,  it  shows  more  economy  in  the  total  cost  per 
ton  of  coal  output. 

For  plants  of  greater  output  and  greater  heights  than  assumed,  the 
cost  per  ton  of  coal  will  vary  from  tha.t  g"iven  in  Table  13,  but  the  rela- 
tive economy  of  the  diiferent  types  will  not  be  affected  materially.  If 
the  annual  outimt  should  be  about  75%  of  that  assumed,  or,  in  other 
words,  if  the  piers  should  work  only  225  days  per  year  instead  of  300, 
as  assumed,  then  the  car  dumper  would  still  remain  the  most  economi- 
cal in  first  cost  and  cost  per  ton  of  coal  output,  but  the  locomotive 
incline,  though  costing  a  little  more  to  construct  than  the  power  incline, 
would  be  more  economical  than  the  latter  in  total  cost  per  ton  of  coal 
output. 

In  the  foregoing  comparison,  although  the  mechanical  car-dumper 
type,  B2,  is  the  most  economical  of  the  three  types  considered,  under 
the  conditions  assumed,  yet  it  must  be  remembered  that  a  single  car- 
dumping  machine  can  deliver  coal  to  only  one  vessel  at  a  time,  and, 
where  conditions  require  simultaneous  delivery  to  several  vessels,  it 
becomes  necessary  to  construct  at  least  two  machines,  in  which  case 
economy  no  longer  exists. 

A  plant  similar  to  Type  B4,  Fig.  4,  which  is  composed  of  a  fixed 
ear-dumping  machine  and  a  movable-tower  car-dumping  machine 
woiild  be  more  expensive  in  first  cost  than  the  car  dumper,  Type  B2, 
but  would  cost  somewhat  less  than  either  the  locomotive  or  power  incline 
of  permanent  construction.  The  total  cost  per  ton  of  coal  output  would 
be  about  0.5  or  0.6  cent  less  than  for  the  locomotive  or  power  incline 
type,  about  1.4  cents  more  than  for  the  simple  car  dumper,  B2,  on  the 
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assumption  That  the  chute  is  not  eijuipped  witli  a  mechanical  trimmer. 
Type  B4  coals  vessels  from  the  tower  dumper,  which  can  be  moved 
alonj;  the  dock  to  the  hatches  of  a  large  vessel,  or  to  a  number  of 
barges  mo(.>red  to  the  pier,  and  the  tower  can  be  moved  more  spee<lily 
than  the  vessels  and  barges.  It  will  require  a  pier  length  of  about 
.">UU  ft.  as  compared  with  800  ft.  for  the  dumper  alone. 

Comparison  of  Combination  with  Other  Classes. 

Combinations  of  car-dumping  machines  with  special  cars  and  ele- 
vators or  inclined  planes  for  raising  the  special  ears  to  the  upper  decks 
of  the  piers,  such  as  the  proposed  Norfolk  and  Western  Pier  No.  4  at 
Lamberts  Point,  the  proposed  Chesapeake  and  Ohio  Pier  No.  9  at  New- 
port News,  and  the  existing  Virginian  Railway  pier  at  Sewells  Point, 
are  constructed  for  the  purpose  of  meeting  requirements  for  which  the 
ordinary'  gravity  types  and  the  mechanical  dumper  alone  are  not  so  well 
adapted,  and,  therefore,  they  form  a  class  by  themselves  for  special 
work.  These,  of  course,  can  be  constructed  in  locations  which  also 
favor  the  ordinary  gravity  types  or  the  simple  car-dumping  machine, 
but,  under  .•^ueli  conditions,  there  is  no  apparent  economy  in  construct- 
ing a  combination  plant  composed  of  a  dumping  machine  and  a  grav- 
ity pier,  when  either  one  alone  would  serve  the  purpose. 

Selectiox  of  a  Type  of  Pier. 

The  selection  of  a  tyi)e  of  gravity  pier  should  not  be  made  until 
the  relative  merits  for  the  local  conditions  have  been  fully  determined 
in  the  manner  indicated  in  the  preceding  discussion.  It  is  not  merely 
a  matter  of  adopting  the  plans  of  some  pier  which  is  in  operation 
elsewhere,  as  the  tendency  too  often  prevails  at  present,  but  is  a  matter 
which  involves  a  most  thorough  consideration  of  the  dimensions  and 
cargoes  of  the  vessels  to  be  loaded,  the  required  maximum  daily 
[  capacity,  the  probable  future  developments,  the  local  conditions  which 
affect  approaches,  grades,  track  layout,  etc.,  and  finally  the  preparation 
of  a  design  which  will  meet  these  conditions  economically. 

The  selection  of  a  type  of  mechanical  plant  is  also,  as  in  the  case 

t  a  gravity  plant,  not  merely  a  matter  of  fancy  or  adoption  of  a  type 

already   built,   but    one   of   efficiency    for    conditions    to    be    met,    and 

re<:iuires  the  same  careful  study  of  controlling  conditions  and  economy. 

As  a  rule,  mechanical  jilants  heretofore  have  not  been  installed  where 
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conditions  are  equally  suitable  for  the  construction  of  a  gravity  plant. 
There  is  a  feeling,  more  or  less  unfounded,  against  too  mvich  machinery, 
and  this  feeling  prejudices  operators  against  such  types;  nevertheless, 
their  utility  is  strongly  indicated,  and  their  economy  is  beyond  doubt 
in  certain  locations,  regardless  of  the  question  of  individual  feelings. 

As  indicated  in  the  previous  discussion,  the  combination  of  mechan- 
ical car  dumpers  with  gravity  piers,  such  as  those  in  use  and  under 
construction  in  Norfolk  Harbor,  comprises  a  special  class  of  plant 
adapted  for  service  conditions  which  render  the  construction  of  an 
ordinary    gravity    plant    or    car-dumping    machine    impracticable. 

The  selection  of  a  type  evidently  rests  on  the  proper  determination 
of  its  relative  merits  in  meeting  the  following  conditions : 

(1)  Free  delivery  of  coal  to  all  sizes  and  classes  of  boats  which 
take  coal  or  are  likely  to  take  coal  in  the  ix)rt  under  considera- 
tion. 

(2)  The  delivery  of  coal  without  breakage  to  such  an  extent  as  to 
be  objectionable  to  the  users, 

(3)  The  simultaneous  delivery  to  several  vessels  on  one  or  both 
sides  if  required, 

(4)  Hourly  capacity  such  as  to  give  prompt  release  to  vessels  coal- 
ing, 

(5)  Economical  cost  per  ton  of  coal  output. 

It  has  been  shown  that  the  car-dumping  machine.  Type  B2,  is  the 
most  economical  in  cost  per  ton  of  coal  output,  but  can  coal  only  one 
vessel  at  a  time.  The  vessel,  if  a  large  one,  must  be  moved  so  as  to 
bring  its  hatches  within  the  range  of  the  chute,  and  must  be  taken 
away  from  the  pier  before  another  vessel  can  coal.  These  disadvantages 
should  be  weighed  against  its  economy,  and.  where  local  conditions 
require  the  simultaneous  loading  of  several  vessels,  this  type  is  not 
suitable  unless  more  than  one  machine  is  installed,  and  this  can  be 
done  only  at  the  sacrifice  of  considerable  economy. 

It  has  also  been  stated  that  the  mechanical  plant,  Type  B4,  com- 
posed of  a  fixed  car  dumper  and  a  movable-tower  car  dumper,  though 
not  as  economical  as  the  fixed  car  dumper  alone,  is  more  economical 
in  cost  per  ton  of  coal  output  than  either  the  locomotive  or  power 
incline  types.  It  has  the  advantage  of  coaling  simultaneously  to  two 
boats,  one  of  which  may  be  a  large  collier,  and  both  boats  may  be  kept 
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iiioonnl  to  the  i)ii'r  while  h(niij>-  coahMl.  There  are  no  plants  of  this 
tyiH^  in  operation,  as  far  as  the  writer  Ixnows.  hut  it  is  a  practicahle  type 
anil  worthy  of  consideration. 

It  has  also  been  shown  that,  wlien  the  yard  can  l)e  e<instructed  on 
such  grades  as  to  feed  the  coal  cars  to  tlie  barney  pits,  the  barney  or 
l)ower  incline  type  is  slightly  more  economical  than  the  locomotive 
incHne  type,  but,  if  the  local  conditions  are  such  as  to  require  a  loco- 
motive for  delivering  the  coal  cars  from  the  yard  to  the  barney,  then 
tliis  type  is  not  as  economical  as  the  locomotive  incline  type,  but  it  has 
an  advantage  in  many  locations  where  the  space  back  of  the  bulkhead 
is  contracted. 

As  a  general  proposition,  where  the  location  will  permit  of  its 
construction,  and  vessels  coaling  cars  are  of  moderate  height,  and 
where  the  capacities  are  betvpeen  20  and  30  cars  per  hour,  the  locomo- 
tive incline  type  has  proved  more  satisfactory  than  any  of  the  others, 
on  account  of  the  simplicity  of  its  construction  and  freedom  from 
heavy  or  complicated  machinery. 

Proper  Design  and  Construction. 

After  having  determined  which  type  of  pier  has  a  preponderance  of 
merit  for  the  local  situation  and  the  conditions  under  which  it  is  to  be 
operated,  it  should  be  designed  and  constructed  in  such  a  manner  as  to 
obtain  the  greatest  possible  efficiency  and  economy  consistent  with  the 
type  selected. 

The  best  results  cannot  be  obtained  by  copying  the  plans  of  some 
similar  iiier.  because  most  piers  thus  far  designed  have  defects  which 
impair  their  efficiency,  and  though  in  some  cases  the  defects  of  design 
have  b(H?n  remedied  after  the  piers  have  been  placed  in  service,  the 
original  i)]aii>  in  all  probability  remain  unchanged. 

The  proper  determination  of  heights,  lengths,  widths,  number  of 
tracks,  grades,  switchbacks,  construction  of  bins  or  pockets  and  chutes, 
etc.,  though  usually  considered  as  details  of  the  design,  are  just  as 
essential  for  the  effective  operation  of  the  plant  as  the  proper  design 
of  the  carrying  parts  is  for  the  safety  of  the  structure. 

All  the  30-called  details  have  been  rather  fully  discussed  herein, 
and  therefore  a  repetition  is  not  necessary.  The  salient  points,  how- 
ever, may  be  briefly  summarized,  as  follows: 
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(1)  The  height  of  a  gravity  pier  above  mean  tide  should  be  from 
33  to  43  ft.  above  the  highest  hatches  of  vessels  coaling  at  the 
port,  and  will  depend  on  the  type  of  chute  and  the  storage 
capacity  of  the  bins. 

(2)  The  length  from  the  bulkhead  to  the  sea  end  of  a  gravity  pier 
should  be  not  less  than  about  700  ft.,  in  order  to  accommodate 
(lovernment  colliers  and  the  probable  future  steamers  of  the 
New  England  Coal  and  Coke  Company. 

(3)  The  least  practicable  width  for  gravity  pier  coaling  from  two 
sides  is  about  TO  ft. 

(4)  Grades  on  locomotive  inclines  should  preferably  not  exceed 
3%;  on  barney  inclines  to  gravity  piers,  18%;  on  barney 
inclines  to  mechanical  plants,  12%;  and  on  empty  return 
tracks.  2  per  cent.  Grades  for  gravity  movement  of  loads 
should  preferably  be  not  less  than  from  0.8  to  1.25%,  depend- 
ing on  southern  or  northern  location.  All  changes  in  grades 
should  have  easements. 

(5)  Switchbacks  are  preferable  to  pivot  tables,  and  should  he  con- 
structed so  that  grades  may  be  readily  adjusted  to  meet  vary- 
ing conditions  of  weather  and  temperature. 

(6)  Tops  of  pockets  or  bins  should  have  a  length  of  at  least  12  ft. 
and  a  width  of  at  least  9  ft.,  for  receiving  coal  from  either  a 
hopper  or  gondola  car.  The  slopes  should  be  not  less  than  40° 
from  the  horizontal,  and  preferably  45°,  with  leads  to  the 
chute  designed  so  that  they  will  ni)t  form  a  wedge  at  the 
pocket  outlet.  A  pocket  free  from  sharp  corners,  and  con- 
structed on  lines  of  curves  rather  than  of  angles  will  permit 
the  coal  to  flow  more  freely. 

(7)  Metal  chutes  with  adjustable  legs  at  the  pier  connection,  or 
a  similar  type,  are  superior  to  the  simple  hinged  chute. 
Where  electric  power  is  available,  and  the  pier  has  a  large 
output  to  eargoes  of  various  sizes,  the  adjustments  should  be 
controlled  by  motors.  For  a  free  flow  of  coal,  the  inclination 
of  the  chute  from  the  horizontal  should  be  about  40°  for 
l)ituminous  coal.  Chutes  with  telescopic  legs  at  the  discharg- 
ing end  cause  less  breakage  of  coal  than  other  types,  and 
require  less  trimming. 
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'llic  (luestion  us  to  whctlicr  the  construction  slmll  he  tcnip(ir;iry, 
[Miily  pcrnianent,  oi*  wliolly  i)crinanont  is  one  of  policy,  to  a  large 
t  .\t(  lit.  Jii  most  of  the  piers,  both  substructures  and  sujierstructures 
arc  of  tcinix)rary  construction,  ami  all  gravity  piers  thus  far  built  are 
I'f  temporary  construction  back  of  the  bulkhead.  Temporary  work  is 
the  least  expensive  in  first  cost,  but  is  less  economical  than  either 
partly  permanent  or  wholly  permanent  construction,  as  the  total  cost 
per  toll  of  coal  output  will  be  the  highest  when  interest,  depreciation, 
and  maintenance  are  taken  into  consideration. 

A  ])ier  should  be  properly  designed,  not  only  to  meet  requirements 
as  to  normal  and  maximum  hourly  output,  but  also  the  very  probable 
general  increase  in  cargoes,  and  the  capacity  and  weight  of  coal  cars. 
Mechanical  car  dumpers  are  now  designed  for  handling  coal  cars  of 
100  tons  capacity.  The  construction,  therefore,  no  matter  whether 
temporary  or  permanent,  should  by  all  means  be  substantial  and  simple 
in  character,  and,  in  most  cases  where  piers  will  probably  meet  condi- 
tions for  a  period  of  25  years,  it  will  be  true  economy  to  construct  all 
wtirk  from  the  bulkhead  to  the  sea  end,  for  both  substructure  and  super- 
structure, in  a  permanent  manner,  even  if  the  ai)proaeh  trestlework 
and  empty  return  be  of  temjjorary  construction. 
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Introdiction. 

During  the  winter  of  1910-11,  the  International  Boundary  Cora- 
mission  between  the  United  States  and  Mexico,  of  which  the  writer 
is  Consulting  Engineer  for  the  United  States  and  Mr.  E.  Zayas  for 
Mexico,  made  a  survey  of  the  Rio  Grande  from  Roma  to  the  Gulf 
of  Mexico.  This  survey  covered  an  area  about  140  miles  long  and 
from  2  to  3  miles  wide,  including  within  its  limits  the  terri1x)ry  which 
is  subject  to  the  erosive  action  of  the  river.  Tlie  purpose  of  the 
survey  was  to  obtain  data  from  which  a  map  could  be  made  on  a 
scale  of  1  in  5  000,  which  would  be  accurate  as  to  general  dimen- 
sions and  the  location  of  fixed  points,  and  would  show,  within  rea- 
sonable limits,  the  location  of   the  topographical   features. 

The  country  traversed  was  practically  a  level  i)laiii  with  an  escarp- 
ment, from  1  to  3  m.  high,  on  each  side  of  the  river,  which  marked 
the  limit   of  ordinary   overflow    and  also,   approximately,   the   margin 
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of  the  erosive  area  of  the  river.  These  escarpments  were  from  less 
than  1  mile  to  2  miles,  and,  in  extreme  cases,  3  miles  apart.  Prac- 
tically the  whole  area  between  them  has  been  at  some  time,  or  may 
be  in  the  future,  the  bed  of  the  river.  There  were  no  hills  suitable 
for  triangulation.  The  main  wagon  road  on  the  north  side  of  the 
river  was,  for  the  greater  part  of  the  way,  on  the  bench  above  the 
limit  of  the  overflow  line.  There  was  a  thick  cover  of  brush  and  trees 
on  three-fourths  of  the  area  to  be  surveyed. 

It  was  the  purpose  of  the  survey  to  locate  all  old  channels  and 
breaks  in  the  surface  between  the  two  escarpments,  including,  of 
course,  the  river,  with  its  high  and  low  banks,  all  wagon  roads,  towns, 
ranches,  irrigation  or  drainage  ditches,  levees,  railroads,  etc.,  both 
below  and  above  the  escarpments,  within  the  limits  of  the  map, 
together  with  a  sufficient  number  of  elevations  to  locate  meter  con- 
tours. 

The  river  has  cut  off  many  liends,  forming  what  are  locally  known 
as  "bancos."  Around  these,  the  Commission,  at  various  times,  has 
laid  traverses  which  mark,  approximately,  the  center  of  the  old  chan- 
nel abandoned  by  the  river  when  it  cut  off  the  banco.  These  traverses 
form  the  property  lines  between  the  owner  of  the  banco  and  the 
adjoining  mainland  proprietors.  Their  corners  are  marked  by  sub- 
stantial timber  posts,  and  there  has  been  built  on  each  banco  a  con- 
crete monument  to  which  the  traverse  is  tied.  All  this  work  has  been 
done  accurately,  but,  when  the  field  operations  began,  in  the  fall  of 
1010,  the  different  banco  surveys  were  not  tied  together. 

Methods. 

The  methods  used  in  making  this  suiwey  were  as  follows : 

First.  A  precise  line  was  located  and  measured,  which,  for  the 
greater  part  of  the  way,  was  along  the  main  wagon  road.  At  intervals 
of  from  2  to  3  miles,  small  concrete  reference  points  were  built  and 
accurately  located. 

Second.  From  this  precise  line  spui"S  were  run  to  the  monuments 
on  the  bancos. 

Third.  Stadia  traverses  were  run,  starting  from,  and  closing  on, 
some  precisely  located  point,  or  from  and  to  stadia  hubs  which  had 
already  been   tied  to  precise  points. 

Fourth.  A  primary  line  of  levels  was  run  from  Roma  to  the  Gulf, 
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;iih1  tlu'  t'It\;itiou  of  <-.\vh   rctVivuce  i)(>iiit  was  accurat<'ly  determined. 

Fifth.  Ordinary  levels  were  run  to  determine  the  elevation  of  eaeh 
luib  I'U  the  stadia  lines. 

The  preeise  line,  the  haneo  ties  and  traverses,  and  the  primary 
levels  were  run  jointly  hy  the  two  sections  (American  and  Mexican) 
of  the  Commission;  that  is,  the  work  was  first  done  by  one  section 
and  then  cheeked  by  the  other,  the  notes  were  compared,  and  an 
agreement  was  reached  between  the  two  consulting  engineers.  The 
stadia    lines    were    run    independently   and   the   maps    compared. 

In  order  that  the  reader  may  understand  the  operations,  Plate 
XCV,  a  small  section  of  the  original  1  in  5  000  map  of  the  Amer- 
ican section,  is  submitted.  The  orig'inal  map  was  printed  in  colors, 
>o  that  it  is  much  more  easily  read  than  this  sample.  It  also  showed 
meter  contours  and  many  elevations  which  are  here  omitted,  as  are 
also  the  latitude  and  longitude  and  latitude  and  departure  lines,  both 
of  which  are  shown  on  the  original. 

The  traverses  around  the  bancos  (Tahuaehal.  La  Isla,  and  Tahua- 
ehalito)  and  the  lines  having  angle  points  marked  A,  B,  or  C,  were 
chained.  The  "A"  is  the  precise  line.  The  T,  E.  and  M  points  are 
stadia  stations.  A  study  of  the  lines  will  show  how  they  were  tied 
together  and  to  the  accurately  located  points — either  banco  corners 
or  A,  B,  or  C  hubs. 

The  heavy  broken  lines  show  the  ehannel  of  1897-98.  It  is  taken 
from  a  survey  and  map  made  by  the  writer  for  the  Boundary  Com- 
mission. Comparison  of  it  with  the  river  as  found  in  1910-11  gives 
an  idea  of  how  much  the  river  shifts  by  erosion  and  deposit.  East 
of  La  Isla,  there  is  seen  a  banco  in  the  making.  In  a  few  years  more, 
po.ssibly  only  ?>  or  4,  the  river  will  go  through  the  neck  near  R-1  569, 
and  a  new  Mexican  banco  will  be  cut  to  the  American  side  of  tke 
river. 

The  hatched  line  marked  ''limit  of  ordinary  overflow,"  is  the 
escarpment  before  mentioned.  It  is  an  important  line,  for  besides 
showing  where  ordinai-y  floods  stop,  it  marks  quite  closely  the  erosive 
limit  of  the  river,  and  shows  a  change  in  soil  and  vegetation.  Below 
it  is  recent  alluvial  deposit  with  wet-land  growth.  Above  it  is  con- 
siderable clay  and  a  semi-arid  growth,  such  as  cactus,  mesquite,  and 
other  thorny  trees   and  shrubs. 


'i 
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When  fully  organized,  the  American  section  had  five  transit  and 
two  level  parties  in  the  field.  One  transit  party  laid  out  and  measured 
the  precise  line,  one  ran  the  banco  ties  and  located  some  banco  tra- 
verses which  had  not  been  run,  one  took  by  stadia  the  river  with  its 
adjoining  topography,  one  obtained  Texas  topography,  and  the  last 
one  did  the  work  on  the  Mexican  side. 

One  level  party  ran  the  primary  level  line,  carried  levels  over  the 
river  topography  hubs,  and  took  rough  cross-sections  of  the  river  bed 
opposite  each  hub.  The  other  one  ran  levels  over  the  Texas  and 
Mexico  topography  hubs   and  hunted  high-water  marks. 

In  the  office,  a  computer  kept  up  the  computations  of  the  precise 
line,  banco  ties,  and  new  banco  traverses,  referring  all  by  latitude 
and  departure  to  an  assumed  initial  point  in  Roma.  A  draftsman, 
working  at  night,  platted,  by  latitude  and  departure,  the  precise  points, 
banco  ties,  and  traverses,  and,  by  protractor,  the  stadia  lines  which 
had  been  run  during  the  day.  Another  draftsman,  working  during 
the  day,  platted  the  topography  as  fast  as  the  books  came  in.  In 
this  way,  close  check  was  kept  on  the  work  which  was  being  done. 
Failures  to  close  on  stadia  traverses  were  detected  at  once,  and  the 
omission  of  any  topographical  features  was  soon  noted. 

The  survey  and  map  were  controlled  by  the  precise  line.  In  com- 
puting this,  the  observed  azimuths  were  correcte<^l  by  adding  1.6" 
for  each  100  m.  easting,  measured  from  center  t«  center  of  the  courses. 
This  is  the  amount  of  the  divergence  of  a  parallel  of  latitude  from 
a  straight  east  and  west  line  in  Latitude  26°.  By  thus  correcting 
the  azimuths,  the  parallels  of  latitude  are  represented  on  the  map 
by  straight  lines,  and  the  meridians  are  drawn  at  right  angles  to 
them.  Of  course,  this  did  not  make  a  correct  geodetic  map,  but  rep- 
resented the  surface  as  being  a  plane. 

With  so  many  parties  in  the  field,  setting  stakes,  it  was  neces- 
sary to  have  such  a  system  of  marking  instrument  points  and  keep- 
ing notes  that  no  confusion  would  result.  The  following  scheme 
was  adopted: 

The  precise  line  was  called  the  "A"  line,  and  the  stakes  were 
marked  consecutively  from  1.  This  line  was  double-chained,  the 
angles  repeated,  and  the  latitudes  and  departures  computed  in  camp, 
after  the  azimuths  were  corrected  for  easting. 

The   ties   to   banco    monuments   were   marked   "B,"   with    consecu- 
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tive  miinlH'i-s  from  1.  'Jlicsc  linos  were  (loulilc-cliaiiK'd,  the  angles 
repeateil,   aiul   latitudes   and   departures    e()uipute<l    in    eanii). 

Auxiliary  elosed  traverse  lines  around  any  of  the  new  baneos 
Wire-  marked  "(',""  with  conseeutive  numbers  from  1.  As  these  were 
elosed  lines,  they  were  ehained  only  once  and  the  angles  were  iisually 
measured  mdy  .uice,  althdugh  they  were  sometimes  repeated.  The 
lalitndis  and   departures  were  computed   in   camp. 

As  the  traverses  to  all  baneos  had  been  carefully  cJiained,  tied 
to  the  permanent  monument,  and  computed,  when  a  man  in  the  field 
found  a  banco  corner  or  a  hub  with  a  witness  stake  marked  A,  B,  or 
('.  lie  knew  that  lie  liad  a  point  havinji-  a  known  latitude  and  departure, 
and  tliat  he  could  tie  to  it.  He  also  knew  that  the  azimuth  of  the 
line,  whatever  it  was,  was  known  within  a  minute,  so  that  he  could 
i     check  his  azimuth. 

On  the  topographical  work,  every  shot  was  given  a  number, 
whether  it  was  a  side  shot  or  to  a  hub.  The  river  stakes  were 
marked  *'R",  the  Texas  stakes  "T'',  and  the  Mexican  ones  "M".  To  the 
river  were  assigned  tlie  numbers  0  to  r>  (¥K),  to  the  Texas  stakes,  from 
5  001  to  7  500,  and  to  the  Mexican  one.s,  from  7  501  to  10  000.  When  a 
man  used  up  the  numbers  assigned  to  him,  he  started  over  again. 
Surveys  for  taking  the  topography  of  new  baneos  used  numbers  from 
KMKil  uji.  It  followed,  therefore,  that  the  number  of  the  stake,  even 
without  the  letter,  showed  what  line  it  was  on. 

In  recording  instrument  points,  the  original  number  marked  on 
the  stake  was  always  used,  no  matter  how  many  other  lines  ran  to 
that  point.  This  prevented  confusion,  and  when  a  non-consecutive 
number  appeared  in  the  notes,  it  always  drew  attention  to  the  fact 
that  a  tie  of  some  sort  to  some  previously  located  point  had  been 
made.  The  rule  was  followed  rigidly,  especially  wlicu  tying  to 
points  set  by  the  Mexican   Section. 

Results. 

The  first  questions  which  an  engineer  asks  when  looking  over  any 
wm-k  of  an  engineering  nature,  are:  What  methods  were  used,  what 
results  were  obtained,  and  what  was  the  unit  cost  of  the  work?  The 
first  two  questions  can  be  fully  answered.  As  no  separate  accounts 
were  kept  of  the  different  kinds  of  work,  only  an  approximate  answer 
can  be  given  to  the  last. 
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In  all  the  work,  joint  and  otherwise,  it  was  constantly  borne  in 
mind  that  a  reasonable  degree  of  accuracy  was  a  desideratum,  but 
that  no  refinements  should  be  introduced  which  would  add  greatly 
to  the  cost  without  increasing  the  practical  value  of  the  work.  In 
the  following  discussion,  the  deviation  in  this  resi^ect  from  the  methods 
sometimes  used  are  fully  set  forth. 

For  convenience  of  ready  reference,  the  limits  of  error  to  which 
it  was  attempted  to  work,  are  given : 

Precise  Line. — Angles  should  not  be  more  than  2"  of  arc  in  error. 
Distances  should  not  differ  more  than  1  in  20  000,  or  5  mm.  to  the 
100  m. 

Tie  Lines  to  Bancos. — Angles  shoidd  check  within  20"  of  arc 
(they  really  checked  much  closer  than  this).  Distances  should  not 
differ  more  than  1  in  10  000. 

Primary  Levels. — Elevations  should  check   within 

0.01  m.  \/  distance,  in  miles,  between  benches. 

Stadia  Worh. — No  definite  limit  was  specified,  but,  whenever  a 
platted  closure  was  so  large  as  to  indicate  an  error  in  reading  dis- 
tances, the  line  was  re-run.  Roughly,  the  allowable  error  in  platting 
was  2  m.  to  the  1  000.     Azimuth  should  check  within  5'  of  arc. 

Precise  Line. 

The  purpose  of  the  precise  line  was  to  furnish  a  base  to  which 
all  stadia  lines  could  be  tied,  and  to  determine  the  relative  position 
of  the  reference  points  and  permanent  monuments.  It  was  the  inten- 
tion to  make  the  precise  work  so  accurate  that  it  would  take  the 
place  of  v/hat  would  be  called  a  secondary  triangulation.  There 
was  no  attempt  at  extreme  accuracy,  but  care  was  taken  to  obtain 
uniform  work,  and  the  best  result  to  be  had  with  an  engineer's  ordi- 
nary No.  1  transit. 

The  country  was  peculiarly  fitted  for  chaining,  being  usually  as 
level  and  smooth  as  a  floor.  This  is  seen  from  the  fact  that,  out  of 
411  courses,  on  only  26  was  it  necessary  to  make  corrections  for  por- 
tions of  the  line  for  differences  of  elevation. 

The  party  on  the  precise  line  consisted  of  a  transitman  and  two 
chainmen,  and  several  laborers  who  acted  as  flagmen  and  axemen. 
The  instrument  used  was  an  ordinary  Buff  and  Berger  No.  1  tran- 
sit, made  in   1885,  with  the  plate  graduated   to  20'  and  the  verniers 
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reading  to  20"  of  arc.  This  insiniiin'iit  iia«l  Ixcii  in  ordinary  use 
for  25  years,  and  had  been  returned  to  the  makers  once  for  over- 
haulinji-.  A  Ivoe,  l(t()-ni.  tape  was  used.  It  was  graduated  to  meters, 
with  end  meters  in  tenths.  A  small  piece  of  old  steel  tape  wa.s  also  car- 
ried, in  (inlcr  to  read  fractions  of  a  meter.  A  cheap  thermometer 
in  a  wooden  case  was  used  for  taking  temperatures.  The  chain 
lengths  were  marked  by  steel  i)ins  ^,;  in.  in  diameter.  The  tape 
was  supported  tliroughout.  that  is,  laid  smoothly  on  the  ground.  The 
sight  poles  were  ordinary  8-ft.  transit  rods.  Another  100-m.,  Roe 
tape  was  kept  in  camp  and  used  as  a  standard.  With  it  the  tapes 
in  use  by  both  sections  of  the  Commission  were  compared  frequently. 

The  prograjnme  of  work  was  about  as  follows:  The  two  chain- 
men,  under  the  direction  of  the  transitman,  with  three  or  four  axe- 
men, would  go  aliead  and  lay  out  the  line.  They  \isually  followed 
the  main  road.  This  was  sometimes  quite  crooked,  with  dense  thorny 
undergrowth  on  each  side,  and  it  required  considerable  experiment- 
ing to  get  the  transit  points  in  places  such  that  the  brush-cutting 
would  be  reduced  to  a  minimum  and  with  the  proper  distance  of 
1(*(>  m.  or  more  between  points.  No  effort  was  made  to  obtain  very 
long  sights,  as  it  was  found  that  the  boiling  of  the  air  was  likely  to 
be  so  great  that  the  transit  rods  coidd  not  be  seen.  Only  a  few 
sights  were  taken  which  were  more  than  1000  m.  long;  the  average 
length  was  584  m.  When  the  chainmen  had  ranged  in  a  line  and 
cut  away  enough  brush  to  obtain  a  sight,  a  hub,  about  2^  in.  in 
diameter  and  as  long  as  could  be  forced  into  the  hard  ground  without 
l>rooming,  was  driven  flush  with  the  surface  and  a  hollow-headed 
tack  was  put  in  its  center,  a  witness  stake  and  three  guy  stakes  were 
driven,  and  the  witness  stake  was  marked  with  tlie  consecutive  num- 
ber. The  line  was  given  the  letter  A,  and  the  stakes  were  marked 
consecutively.  A-1  was  in  the  main  road  near  R.  P.  No.  1,  2  miles 
above  Rio  Grande  City.  From  there  the  numbers  ran  toward  Roma 
until  .t-2<>  was  set.  Here,  a  junction  with  the  Mexican  line  was 
made  on  their  Z-410  stake,  and  their  numbers  were  used  into  Roma 
where  Z-399  was  found,  from  which  R.  P.  "E"  was  set. 

A-27  was  set  toward  Kio  (irande  City  from  R.  P.  Xo.  ].  and  it 
was  from  A-3.S5  that  R.   P.  No.  55  was  set  on  the  shore  of  the  Gulf. 

Starting  from  R.  P.  "E".  there  were  12  courses  down  to  A-26;  from 
there  to  R.  P.  No.  1   there  were  2(1  courses,  and  from  R.  P.  No.  1   to 
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the  Gulf  there  were  373  courses,  or  a  total  of  411  courses  in  all.  Ihe 
reason  that  the  number  of  courses  exceeds  the  points  marked  A  is 
that  17  of  the  reference  points  and  one  hub  set  by  the  Mexicans  and 
marked  M-11  were  used  as  angle  points  on  the  A  line,  and  that  four 
A  numbers  were  used  on  spur  lines  to  reference  points.  The  usual 
rule  was  followed  of  giving  a  hub  only  one  number,  and  that  the  one 
it  first  had. 

After  3  or  4  km.  of  line  had  been  located,  the  axemen  were  left 
to  finish  the  clearing,  which  was  done  with  great  care  so  that  the  tape 
would  lie  smooth  and  straight,  and  the  chainmen  started  to  measure 
with  the  100-m.  tape  and  11  steel  pins  (the  surveyor's  ordinary  number). 
There  were  long  leather  thongs  in  each  end  of  the  chain  for  holding 
it.  The  head  chainman  carried  the  forward  chaining  book,  spring 
balance,  and  thermometer.  When  a  full  chain  was  reached,  the  ther- 
mometer was  laid  on  the  ground  face  up,  in  the  sun,  if  it  were  shining. 
so  that  the  temperature  would  be  the  same  as  that  to  which  the  tape 
was  exposed.  The  tape  was  pulled  up  to  a  strain  of  15  lb.  and  held 
there  until  the  rear  chainman,  who  was  centering  the  end  mark  over 
the  tack,  called  "all  right''.  The  pin  was  then  stuck,  the  tape  eased 
off  and  then  pulled  up  again,  and  the  position  of  the  pin  checked.  The 
head  chainman  then  entered  the  chain  length  and  the  temperature  in 
his  book.  When  the  next  hub  was  reached,  a  pin  was  set  at  the  last  full 
meter,  and  the  meters  were  read.  Then  the  two  chainmen  changed 
places,  and  the  plus  was  read  again.  The  fractional  meter  was  read 
by  a  piece  of  Chesterman  steel  tape,  the  number  of  entries  in  the  book 
were  verified  by  counting  the  pins,  these  were  again  bunched,  and  a 
new  course  was  started. 

The  notes  read  as  follows : 

219         100  82°         311.624 

to  100  83°  +.04259 


220         100  83°         311.66659 

11.624      83° 


The  work  at  the  right  of  the  foregoing  was  done  by  the  transit- 
man,  and  was  the  reduction  to  62°,  with  a  coefficient  of  0.0O(X)065  per 
degree.  This  reduction  was  here  plus,  and  for  83°  —  62°  =  21  degrees. 
The  tape  was  standard  at  62  degrrees. 
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A  run  alii'ad  was  iiia»k'  tor  halt'  a  ilay.  'liicn  tla-  I'orwanl  chaining 
hook  was  yiven  to  the  transitinan,  and  tlie  backward  one  obtained; 
tlien  the  measurements  were  made  again,  but  in  the  opi)osite  direction. 
The  notes  for  the  foregoing  course  then  read : 

220         1(K»  SS°         311.620 

to  100  8S^  +.0.^)278 


219        100  88°    ,     311.67273 

11.620      88° 


The  correction  for  temperature  in  this  case  was  for  26  degrees. 
The  mean  of  tlie  two  measurements  was  311.66966,  and  the  diflference 
between  the  two  was  0.00614.  As  the  allowable  difference  was  0.016 
(5  mm.  per  100  m.),  the  chaining  checked,  and  the  adopted  distance 
was:  A-219  to  A-220  .  .  .  311.67. 

Tt  is  not  assumed  that  chaining  can  be  done  to  five  decimals,  but 
they  were  used  simply  for  convenience  in  computing  the  correction  for 
temperature.  The  chaining  was  actually  done  to  millimeters,  but  the 
adopted  distances  were  only  carried  to  centimeters.  The  writer  does 
not  approve  of  recording  the  results  of  any  work  in  figures  which 
indicate  an  accuracy  beyond  that  which  the  actual  working  conditions 
will  give. 

This  chaining  approximates  quite  closely  in  accuracy  to  that  done 
in  measuring  secondary  bases,  where  it  is  customary  to  use  some 
incchanical  arrangement,  such  as  a  lever,  to  hold  the  end  of  the  chain 
firmly  and  perfectly  still.  Better  work  should  result  from  such  an 
ai)plianee,  but  its  use  consumes  time.  It  appeared  that  results  suffi- 
cientl.v  accurate  could  be  obtained  without  it,  and  so  none  was  used. 

Elongation  of  Polaris. — The  elongation  of  Polaris  was  usually  taken 
at  each  camp,  these  being  from  6  to  8  miles  apart.  The  azimuths  of 
the  stadia  lines  were  checked  on  these  elongations  and  also  that  of  the 
lirecisf  line,  if  the  latter  were  near  enough.  As  the  camp  was  always 
on  the  river,  in  houseboats  handled  by  a  gasoline  launch,  it  sometimes 
hai)pened  that  it  was  a  mile  or  two  from  the  precise  line.  In  that  case, 
an  elongation  was  taken  from  an  "A"  hub,  or  the  azimutli  of  the  pre- 
cise line  was  not  checked  until  the  next  camp  was  reached. 

When  an  elongation  was  to  be  taken,  a  point  for  the  hub  was 
chosen   and   a   line   about    100   m.    long   was   cleared   along  the  proper 
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azimuth.  Some  15  or  20  min.  before  the  computed  time,  the  transit 
was  carefully  set  and  leveled,  pointed  to  the  polar  star,  and  clamped. 
The  star  was  followed  until  it  was  seen  that  it  had  nearly  reached 
its  elongation.  Then  a  hub  was  driven,  and  a  chaining  pin  (with  a 
sheet  of  white  paper  back  of  it  and  a  light  back  of  that)  was  held  on 
the  hub.  The  cross-wires  of  the  transit  were  illuminated  by  the  light 
of  a  candle  in  a  tin  can  directed  on  a  piece  of  white  paper  with  a 
hole  in  the  center,  which  was  fastened  by  a  rubber  band  on  the  shade 
of  the  object  glass.  The  transit  was  again  turned  to  the  star  and  kept 
there  until  the  latter  was  seen  to  drop  (or  rise)  along  the  wire.  Then 
line  for  tack  was  given,  on  the  pin ;  the  transit  was  reversed  and 
set  again  on  the  star  and  another  point  set  on  the  hub,  and  the  tack 
was  put  half  way  between  the  two.  For  the  whole  time  of  the  survey 
the  bearing  of  the  elongation  was  assumed  to  be  1°  18'  (azimuth,  358° 
42'  for  western  elongation  and  1°  18'  for  eastern). 

In  the  writer's  opinion,  more  accurate  results  can  be  obtained  in 
this  way  than  in  observing  Polaris  at  any  time,  referring  it  to  some 
luib  previously  set  by  reading  the  plates,  and  then  computing  the 
azimuth  of  the  line  from  the  transit  to  the  hub.  The  two  principal 
objections  to  this  latter  method  are,  the  uncertainty  which  may  exist 
as  to  the  exact  time  of  the  observations  and,  more  important  still, 
the  use  of  a  light  around  the  transit  for  reading  the  verniers.  Where 
there  is  light  there  is  heat,  and  the  heat  expands  one  side  of  the  transit, 
thus  aifeeting  the  verniers.  Both  methods  have  been  tried,  with  the 
invariable  result  that  the  observation  of  the  elongation  was  the  more 
accurate. 

Measuring  Axolks. 

The  transitman  worked  ahead  of  or  behind  the  chainmen,  which- 
ever was  more  convenient.  He  had  two  flagmen,  each  equipped  with 
an  8-ft.  transit  rod  having  three  guy  wires  on  it,  and  a  plumb-bob. 
The  rod  was  set  up  on  a  hub,  guyed  to  the  stakes  before  mentioned,  and 
plumbed.  It  was  found  that,  with  his  hands,  a  man  could  not  hold 
a  rod  so  firmly  that  the  angles  read  to  it  would  check  within  the  de- 
sired limit. 

Starting  at  a  hub  from  which  the  elongation  of  Polaris  had  been 
observed,  the  transitman  set  his  left-hand  or  "A"  vernier  to  read  zero, 
and  read  the  right  or  "B"  for  seconds,  recording  both  readings.  He 
then   noted  on  which   side  of  the  traverse  line  was   the  angle   which 


I'apfi-s.]  Toi'ociiAi'MK  Ai.  sii;vi:y.s  1831 

was  less  tliaii  180°.  and  set  his  iustruineut  on  the  Ict't-liaiid  stake, 
clamped  the  plate,  and  turned  to  the  right-hand  stake;  he  then  read 
and  recorded  vernier  "A",  simply  as  a  check  on  the  later  work.  Un- 
clamping  the  lower  i)late.  he  turned  to  the  left-hand  point  and  ac- 
cumulated the  angle  twice  more  on  the  plate;  then  he  reversed  the 
telescope  and  accumulateil  the  angle  three  times  more,  read  and  re- 
corded hoth  verniers,  ohserved  whether  his  line  of  sight  was  .still 
pointing  to  the  right-hand  rod.  and.  if  not,  set  it  back  with  the  lower 
slow-motion  screw,  swept  the  outside  angle  three  times,  erected  the 
telescope,  and  swept  it  three  times  more,  ending  with  the  instrument 
pointing  to  the  left-hand  hub.  He  then  carefully  read  and  recorded 
l)oth  verniers.  If  there  had  been  no  slip  in  the  instrument  and  his 
pointings  had  been  perfect,  his  verniers  would  read  the  same  at  the 
close  as  at  the  beginning. 

The  following  shows  the  notes  of  the  angle  at  A-219 : 

Lefi-Haml  Page. 
Instrument.                            A.  B.  Mean. 

Inst,  at  A-219  W  00"  00'  CK)" 

A  A-218-A-220  124°  16'  40" 

25°  39'  30"  39'  30" 

00'  20"  00'  20" 

Xeedle  N.  86°  05'  E. 

Right-IIand  Page. 
25°  39'  30"  124°   16'  35"  124°   16'  33.4" 

334°  20'  50"  55°  43'  28.3"  55°  43'  26.6" 


180°  00'  03.3" 
Az.  219-220  85°   58'  23.,r' 

The  entr>-.  A  218-220,  shows  that  218  was  first  sighted  to,  and  that 
tlie  deflection  at  219  was  to  the  north,  that  is,  218  is  the  left-hand  point, 
and  the  transit  swings  to  the  north  and  east  in  reaching  220. 

The  124°  16'  40"  is  the  fii-st  reading  of  the  angle. 

At  the  end  of  the  six  accunnilations,  the  verniers  both  read  25°  39' 
30",  and  at  the  close  they  both  read  00'  20".  If  they  had  read  ditferently 
— as  00'  00"  and  00'  10" — at  the  start  or  any  other  place,  then  another 
column  of  mean  readings  would  have  shown,  as.  for  the  foregoing. 
00'  05".     The  notes  to  this  point  are  recorded  on  the  left-hand  page  of 
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the  notebook  and  comprise  the  record  of  the  field  work.  The  rest  are 
on  the  right-hand  page,  and  constitute  the  reduction. 

As  the  verniers  both  read  CX)  at  the  start,  the  25°  39'  30"  is  carried 
across  as  the  true  reading  of  the  summation  of  the  six  repetitions  of 
the  angle.  Subtracting  this  from  360°  00'  20"  gives  334°  20'  50"  as 
the  true  accumulation  of  the  exterior  angle.  Dividing  each  by  6,  and 
adding  to  the  first  the  necessary  full  revolutions  of  360°  (in  this  case  2) 
in  order  to  give  the  proper  angle  124°,  there  results  the  two  angles 
given.  The  last  one  is  really  180°  less  than  was  measured,  but,  for 
purposes  of  reduction,  it  is  the  deflection  angle  which  is  wanted, 
which  is  the  above  amount  (180°)  less  than  the  exterior  angle.  The 
sum  of  these  two  measured  angles  is  03.3"  in  excess  of  180°,  and  shows 
the  instrumental  slip  or  error  in  pointing.  This  is  divided  equally 
between  the  two  angles,  and  the  deflection  angle  at  219  is  thus  deter- 
mined to  be,  55°  43'  26.6"  to  the  left,  or  north. 

The  computed  azimuth  from  218  to  219  was  141°  41'  50.1",  so  that, 
subtracting  the  deflection  at  219  from  this,  the  azimuth,  219-220,  is 
85°  58'  23.5". 

This  azimuth  is  not  corrected  for  easting  nor  for  instrumental 
error.  The  former  depends  on  the  distance  from  A-204,  where  the 
last  elongation  was  taken,  and  the  latter  was  found  to  be,  at  A-222, 
where  the  next  star  hub  was  set,  24.9"  too  large  in  19  angles,  or 
01.3"  per  angle.  The  final  true  azimuth  of  this  course  was  found  to 
be  86°   00'  04". 

Each  night  the  notes  of  angles  measured  during  the  day,  together 
with  the  distances,  were  given  to  the  computer,  who  calculated  the 
eastings  and  thus  corrected  the  azimuths  and  made  up  a  table  of 
preliminary  locations  from  E.  P.  "E"  of  all  points,  so  that  they 
could  be  platted  on  the  map.  When  the  run  was  tied  through  to 
Polaris,  and  the  azimuths  were  corrected  for  instrumental  error,  the 
final  latitudes  and  departures  were  computed.  The  preliminary 
figures  were  never  in  error  as  much  as  1  m.,  or,  they  were  as  close 
as  they  could  be  platted.  Of  course,  they  were  corrected  and  started 
right  whenever  an  elongation  was  taken. 

Accuracy  of  Angular  Work. — Table  1  gives  the  whole  line  from 
Roma  to  the  Gulf,  and  shows  the  corrections  used.  The  run  from 
A-144  to  A-180  was  rejected,  and  the  azimuths  of  the  Mexican  kSec- 
tion  were  used,  but  it  is  included  here  to  show  the  actual  results  of 
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the  season's  work.  The  total  immlKT  of  aiigJes  exceeds  the  courses 
given  for  the  A  line,  because  several  elongations  were  taken  on  spur 
lines  to  reference  points,  and  these  angles  were  counted  in  making 
I  lie  correction  as  well  as  the  angle  to  each  star.  Elongations  were 
taken  from  the  points  given  in   Columns  1   and  2. 

T.MJI.K    l.^lNSTItUMKXTAI.    KlIHOKS    IN    PhKCI.SK    LiNK. 


(1) 

Star. 

(a) 
To  star. 

(3) 
Closing  error. 

u. 

Number  of 
angles. 

(5) 

Error  per 
angle. 

(6) 
Remarks. 

Z-399 

2^-408 

A-1 

+  00-14.7" 
+  01*07.1" 
—  00'  14.0" 

11 
31 
13 
19 
12 
24 
32 
19 
25 
37 
26 
19 
25 
15 
22 
20 
37 
41 
11 

01.5" 
02.1" 
01.0" 
02.0" 
01.8" 
01.7" 
01.7" 
02.0" 
02.0" 
02.9" 
00.2" 
01.3" 
00.5" 

'oiie" 

01.9" 
01.7" 
01.7" 
01.6" 

Z-408 

A-1 

R.P-3 

R.P-3 

R.p_7 

R.P-7 +00' 38.0" 

A-58 +00-21.0" 

R.P-12 —00-39.9" 

R.P-lfi -4- 00- .54.0" 

A-o8 

A-78 

R.P-IG 

R.P-IM 

A-144 

R.P-18 

A-144 

A  180 

+  GO'  38.2" 
+  00-50.3" 
+  01-47.7" 
_  00'  o.«;  7" 

Rejected. 

A-180 

A-2()4 

A-2M 

A-222 -)-(Kr24.9" 

A-246 1              +00-11.9" 

A-260 -f  00' 00.4" 

A-281 -00-36.1" 

A-300 +(i0'38.rr 

R.P-48 -1-01' 02.9" 

A-374 +01' 10.0" 

A-882 —  00' 18.0" 

A-222 

A-246 

A-260 

A-281 

A-300 

A-334 

A-374 

' 

11-  52.8" 

439 

01.62" 

Rejecting  A-144  to  A-180 

10-  05. r 

402 

01.51" 

Table  1  shows  that  the  average  instruipental  error,  in  turning  439 
angles,  was  01.62"  per  angle,  or,  rejecting  the  run  from  A-144  to 
A-180,  the  average  was  01.51"  per  angle  for  402  angles.  This  does 
not  mean  that,  with  a  6-in.  plate,  reading  to  20",  each  angle  can 
be  read  with  certainty  to  this  degree  of  accuracy,  but  that  the  aver- 
age error  can  be,  and  was,  brought  down  to  this  small  amount.  It 
requires  great  care  in  handling  the  instrument  and  great  care  in 
pointing.  The  weather  conditions  also  affect  the  work,  but  the  lat- 
ter was  continued  in  heat  and  in  wind  just  as  long  as  the  rod  could 
be  seen  or  a  man  could  stand  at  the  instrument.  The  orders  were 
to  keep  up  with  the  outfit,  and  every  man  was  trying  to  make  the 
others  do  the  keeping  up. 
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The  signs  in  Column  3  of  Table  1  show  the  transitman's  per- 
sonal equation.  He  nearly  always  had  too  large  an  azimuth.  When- 
ever he  failed  to  close  within  the  limit,  his  azimuth  was  invariably 
too  large. 

The  writer  does  not  know  that  any  precise  line  work  similar  to 
this  has  been  done  elsewhere.  Triangulation  has  generally  been  used 
for  the  exact  location  of  points.  With  an  expert  instrumentman, 
the  limit  of  2"  per  angle  is  permissible,  but  it  is  extremely  difficult 
for  an  ordinary  man,  however  careful  he  may  be,  to  keep  within  this 
limit,  and  it  would  be  advisable  to  raise  it  to  3".  In  the  spring  of 
1913,  the  writer  had  60  miles  of  similar  work  done  in  the  El  Paso 
Valley  of  the  Rio  Grande.  The  same  transit  was  used,  but  with 
another  man  handling  it,  who  was  allowed  4"  per  angle  for  instru- 
mental error.  His  average  error  on  234  angles  divided  into  8  runs 
was  1.85".  His  best  run  showed  a  closure  of  1.13"  per  angle  for  37 
angles  and  his  worst,  3.20"  per  angle  for  24  angles. 

Table  2  gives  the  sum  of  the  forward  chaining  distances  (from 
hub  to  hub)  between  star  points,  the  sum  of  the  backward  chainings, 
the  sums  of  the  differences  between  adjacent  hubs  and  their  arith- 
metical sums,  and  the  ratio  of  error  deduced  from  these,  as  well 
as  the  algebraic  sums  of  errors  and  the  resulting  ratios,  and  the 
algebraic  sum  of  the  total  errors  with   its  ratio. 

Table  2  shows  that  the  line  was  broken  up  into  nineteen  runs 
with  lengths  varying  from  5  600  to  22  700  m.,  and  averaging 
12  600  m. ;  it  also  shows  that  the  number  of  courses  into  which  each 
run  was  broken  by  angle  points  varies  from  10  to  37,  the  total  being 
411.  When  the  forward  chaining  between  adjacent  hubs  was  larger 
than  the  backward,  the  difference  was  called  plus,  and  the  reverse 
was  called  minus.  These  were  summated  and  entered  in  Table  2  as 
sum  of  differences,  plus,  minus,  and  total,  the  latter  being  the  arith- 
metic sum  of  the  plus  and  minus  sums.  The  ratio  of  error  was 
found  by  dividing  the  distance  by  the  total  differences.  These  ratios 
run  from  1  in  44  000  to  1  in  184  000,  and  the  average  for  the  whole 
line  is  1  in  91 000.  Not  a  single  course  was  omitted,  although  in 
checking  the  work  in  the  office,  one  was  found  which  exceeded  the 
allowed  limit  of  1  in  20  000.  It  was  from  A-180  to  A-181,  the  dis- 
tance being  752  m.  and  the  difference,  0.068  m.,  or  1   in  11000.     All 
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other  measurements  checked  within  the  limit.  This  ratio  of  1  in 
91  000  is  an  actual  ratio  without  any  chance  for  compensating  errors, 
except  such  as  may  occur  between  the  individual  chain  lengths. 
Each  distance  between  hubs  formed  a  run  by  itself,  and  its  error  of 
closure  is  counted. 

As  a  matter  of  curiosity,  there  is  shown  in  Table  2  the  algebraic 
sums  of  the  differences  of  each  run,  with  the  resulting  ratios  and 
the  final  algebraic  sum  (0.686  m.  in  239  km.),  with  its  ratio  of  1  in 
349  000.  This  is  the  total  net  difference  between  the  forward  and 
backward  measvirements.  As  the  mean  is  half  way  between,  either 
line  varies  only  34  cm.  from  the  mean  for  the  whole  distance  from 
Roma  to  the  Gulf.  This,  however,  is  interesting  only  as  showing 
how  errors  in  work  carefully  done  are  likely  to  balance.  The  true 
difference  between  the  two  measurements  is  1  in  91 000,  or  the  vari- 
ation of  either  from  the  mean  is  1  in  182  000. 

It  should  be  understood  that  this  chaining  was  done  in  the  regu- 
lar day's  work,  with  no  arrangement  for  holding  the  tape  still  over 
the  tack,  as  is  usually  done.  Chaining  pins  were  used,  instead  of 
hubs  with  plates  and  hair  lines,  as  is  sometimes  the  practice. 

Rate   of   Progress. 

Between  the  beginning  and  end  of  the  survey  about  110  working 
days  intervened.  Several  banco  ties  were  made  by  the  precise  line 
party,  probably  10  days  being  used  on  that,  thus  leaving  100  days 
for  precise  line  work.  About  one-third  of  this  time  was  spent  by 
the  chainmen  in  locating  line,  and  several  days  were  also  spent  in 
re-chaining  distances  which  did  not  check  within  the  limit.  There 
remained  about  60  days  in  which  a  distance  of  150  miles  was  chained 
twice,  or,  the  rate  of  chaining  was  5  miles  per  day  of  from  8  to  9 
hours'  actual  work.  The  whole  work  of  chaining  and  recording  was 
done  by  the  two  chainmen,  with  no  assistance  except,  perhaps,  an 
axeman  who  carried  their  water  canteens,  lunch  bucket,  coats,  etc. 

As  the  transitman  measured  so  many  of  his  angles  a  second,  and 
sometimes  a  third  time,  it  is  hard  to  give  his  rate  of  progress.  He 
probably  could  measure  from  8  to  10  angles  in  an  ordinary  day's 
work.     Fifteen  angles  per  day  is  fast  work  for  an  expert. 
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It  wns  desirable  to  have  a  iiKKlcrMtely  accurate  line  of  levels  from 
Roma  to  the  Gulf.  There  was  no  occasion  for  a  line  of  what  scien- 
tists would  call  precise  levels,  run  with  an  instrument  of  great  sensi- 
tiveness, shadi'd  from  the  sun.  with  three  wires  to  be  read,  two  rods, 
and  rodmen  witli  levels  on  their  rods,  etc.,  etc.  It  was  decided  to 
obtain  the  best  possible  results  from  an  engineer's  ordinary  18-in. 
Wye-level  and  a  target  rod  held  on  nail  heads  or  round-topped  pegs, 
waved  on  each  reading,  and  read  to  millimeters.  There  was  noth- 
ing unusual  about  this  level  work.  The  line  was  run  in  the  ordi- 
luiry  way,  that  is,  a  run  forward  for  about  a  mile  was  made  and 
checked  back.  Then  the  mean  height  of  the  point  ahead  was  com- 
puted and,  using  it,  another  mile  wa.s  run,  etc.  The  limit  of  error 
allowed  between  benches  was 


0.01  m.  \/  distance,  in  miles,  between  benches. 
Table  3  shows  the   results   of  this  leveling. 

TABLE  3. — Closing  Errors  ix  Primary  Levels. 


(I) 

(a) 
To: 

(3) 

Closing  error, 
in  meters. 

(4) 

Distance, 
in  miles. 

(s) 

(6) 

From  : 

^Distance. 

Coefficient. 

RP--'E" 

•2    

'■    13  !!!!!! 

•'     18   

"    22   

■'      28    

'•      34    

'•      3'.>    

••      15    

"      50    

R.F-2 

'•     7 

•'    13 

"   1ft 

■'  22 

••   28 

"  34 

"   39 

•'   45 

"   50 

"  55 

— <^l.0O6   ■ 

-0.006 

+0.009 

-O.023 

-0.030 

+0.009 

—0.011 

-0.031 

+0.007 

—0.043 

-0.016 

13.3 
9.4 
15.5 
13.3 
11.4 
18.1 
13.8 
13.3 
11.9 
13.8 
15.5 

3.65 
3.07 
3.94 
3.65 
3.38 
4.25 
3.71 
3.65 
3.45 
3.71 
3.94 

0.0016 
0.0020 
0.0023 
0.0060 
0.0090 
0.0021 
0.0030 
0.0085 
0.0020 
0.0116 
0.0041 

Totals 

—0.140 

149.3 

13.22 

0.0114 

Remembering  that  the  allowable  coefficient  of  error  is  0.0100,  an 
examination  of  Column  6  shows  that  all  the  separate  runs  excepting 
one,  were  within  the  required  limit,  but  that  the  total  was  a  little 
outside  the  limit.  The  net  error  was  — 0.140  m.,  the  allowable  would 
have  been  0.122,  or,  the  line  as  a  whole  exceeded  the  allowed  limit  by 
IS  mm. 

It  will  be  noted,  however,  that  other  combinations  can  be  made 
which  will   show  larger  errors.     Table  4  was  compiled  to  show  these, 
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the  quantities  being  taken  from  Table  3.  Column  6  shows  that  two 
runs,  namely,  from  R.P-13  to  R.P-22  and  from  R.P-45  to  R.P-55, 
exceeded  the  limit,  the  first  by  2  mm.  and  the  second  by  5  mm. 

TABLE  4. — Closing  Errors  in  Primary  Levels. 


(1) 

(2) 

To: 

(3) 

Closing  error, 
in  meters. 

(4) 

Distance, 
in  miles. 

(S) 

(6) 

From : 

J  Distance. 

CoeflBcient. 

R.P-"E" 

"      n    '.'.'.'.'.'. 

"      22    

"      28    

"      39    

"      45    

R.P-T 

"  13 

"  22 

'•  28 

"  39 

"  45 

"   55 

-0.012 
+0.009 
-0.052 
+0.009 
— 0.W2 
+^.007 
—0.059 

22.7 
15.5 
24.7 
18.1 
27.1 
11.9 
29.3 

4.76 
3.94 
4.97 
4.25 
5.21 
3.45 
5.41 

0.0025 
0.0033 
0.0105 
0.0021 
0.0081 
0.0020 
0.0109 

Table  5  shows  the  line  broken  into  four  approximately  equal  parts, 
and  all  except  the  last,  which  is  from  E.P-45  to  E.P-55,  are  within 
the  limit. 

TABLE  5. 


(•) 

(2) 

To: 

(3) 

Closing  error, 
in  meters. 

(4) 

Distance, 
in  miles. 

(5) 

(6) 

From : 

J  Distance. 

Coefficient. 

R.P.-"E" 

13     

"        28     

45     

R.P.-13 

'•     -iS 

"     45 

"     55 

-0.003 
-0.043 

—  0.035 

—  0.059 

38.3 
42.8 
39.0 
29.3 

6.18 
6.54 
6.24 
5.41 

0.0005 
0.0066 
0.0056 
0.0109 

It  is  hardly  fair  to  this  work  to  compare  it  with  precise  level 
work,  because  the  latter  is  done  with  so  much  greater  care.  The 
following   comparison,   however,   is   given. 

Johnson's  "Surveying"  gives  the  following  limits  of  error — all 
in  meters  and  kilometers.     The  equivalent  of 


0.01  m.  V  distance  in  miles  is  0.008  m.  V  distance  in  kilometers. 
U.  S.  Coast  and  Geodetic  Survey...   0.004  V^ 

U.  S.  Lake    Survey 0.010  ^T 

Mississippi  River  Survey 0.005  V^  or  0.003  V^^' 

It  will  be  seen  that  this  line  of  levels  meets  the  requirements  of 
the  Lake  Survey,  but  not  those  of  the  other  two.  Although  the  dif- 
ference between  a  coefficient  of  8  mm.  and  one  of  4  or  5  mm.  is  small, 
the  indicated  precision  is  much  greater  with  the  smaller  coefficients, 
and  necessitates  a  finer  instrument   and   more  delicate  manipulation. 
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In  a  paper  entitltil  "Surveying,"*  by  Officers  of  the  United  States 
( u'olDKic-al  Survey,  it  is  stated  that  when  duplicate  precise  lines  are 
run,  as  in  the  case  under  consideration,  the  error  allowed  by  the 
U.  S.  Geological  Survey  is  U.02  ft.  V  2D  in  miles.  This  coefficient 
equals  0.007  m. 

In  Table  6  this  is  applied  to  the  three  worst  runs,  namely,  R.P-13- 
22,  R.P-45-55  and  R.P-''E"-55. 

TABLE  6. — Comparison  in  Primary  Levels. 


(1) 

From : 

(a) 
To: 

(3) 

Closing  error, 
in  meters. 

U) 

Twice  the 
distance. 

(5) 

(6 

Coefficient. 

R.P-13 

R.P-22 

"    55 

"     55 

-0.052 
—0.059 
—0.140 

49.4 

58.6 

298.6 

7.03 
7.65 
17.28 

0.0074 

"    45 

0.0077 

"    -E" 

0.0081 

Table  6  shows  that  the  work  nearly  met  the  requirements  of  the 
Geolog'ical  Survey  for  precise  levels,  run  with  high-grade  instruments, 
umbrellas,  etc. 

Rate  of  Progress. — Including  spur  lines  to  reference  points  away 
from  the  precise  line,  the  primary  levels  covered  a  double  run  of  about 
155  miles,  or  310  miles  of  single  line.  The  leveler  worked  half  the 
time  on  this  line  and  half  the  time  on  the  rirer.  Two  or  three  days 
were  used  in  going  back  to  check  out  an  error,  etc.,  so  that,  there 
having  been  110  working  days  during  the  survey,  51  or  52  days  were 
devoted  to  the  primary  leveling.  The  rate  of  progress  is  seen  to  have 
been  (i  miles  of  single  line  per  day. 

Stadia  Lines. 
Thesis. — It  is  the  writer's  belief  that  too  many  refinements  are 
usually  applied  to  stadia  work,  and  that  they  give  to  it  a  factitious 
value  witliout  adding  anything  to  the  accuracy  of  the  results.  Thus, 
rod  levels  are  used  to  keep  the  rods  plumb;  the  stadia  interval  is 
determined  with  great  nicety  for  each  instrument  and  each  observer; 
a  rating  table  is  made  up  which  involves  f  -\-  c  and  is  usually  car- 
ried to  centimeters;  stadia  readings  are  reduced  by  this  table,  thus 
running  all  distances  into  centimeters  and  giving  to  the  work  an 
appearance  of  accuracy  which  does  not  exist. 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIV,  Part  B,  p.  426. 
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Believing  that  these  refinements  are  a  waste  of  time,  with  no 
corresponding  valuable  result,  but  that  steady,  careful  instrument 
work,  disregarding  /  +  c,  and,  in  case  the  stadia  interval  checks  out 
close  to  unity  on  a  measured  base,  using  stadia  readings  direct,  with- 
out reduction  tables,  would  give  just  as  good  results,  all  the  stadia 
work  on  this  survey  was  done  in  this  way.  The  following  discussion 
shows  the  results. 

The  principal  part  of  the  survey  work  was  the  taking  of  topog- 
raphy by  stadia.  Three  parties  were  on  this  portion  of  the  survey 
from  start  to  finish.  One  was  charged  with  the  river  and  as  much 
of  the  adjoining  country  as  could  be  reached  conveniently.  The  sec- 
ond devoted  its  time  to  the  Texas  side  of  the  river  and  the  third  to 
the  Mexican  side.  The  work  was  platted  on  the  map  as  soon  as 
possible  after  being  taken,  so  that  running  track  was  kept  of  the  areas 
not  covered.  They  were  examined,  and,  if  anything  of  importance 
was  found,  a  line  was  run  to  it.  About  375  sq.  miles  of  country  were 
covered  by  the  three  parties.  Altogether,  37  000  shots  were  taken, 
locating,  by  azimuth,  distance,  and  elevation,  that  many  points  on 
the  ground.  In  addition  to  these,  some  9  000  shots  were  taken  in 
former  surveys  of  bancos,  which  were  platted  on  the  map,  so  that 
46  000  points  were  located  by  stadia,  or  an  average  of  128  shots  (includ- 
ing transit  points)  per  sq.  mile.  There  were  4  900  hubs  set,  or  13 
l>er  sq.  mile. 

Each  stadia  party  consisted  of  a  topographer,  who  handled  the 
transit,  recorded  the  notes,  and  made  his  sketches;  an  American 
rodman  who  usually  .kept  ahead,  choosing  places  for  transit  points, 
and  keeping  an  eye  on  the  stadia  men;  a  rear  flagman,  two  or  three 
stadia  men,  and  as  many  axemen  as  were  needed.  On  the  river  line, 
a  skiffman  was  also  used.  The  native  labor  of  the  country  was  used 
for  flag,  stadia  and  axemen.  Few  could  speak  English,  although 
many  of  them  were  born  in  the  United  States,  as  had  been  their 
ancestors  for  generations. 

The  instruments  consisted  of  a  transit  and  three  or  four  stadia 
rods.  No.  2  transits  were  used,  one  reading  to  20"  and  two  to  30", 
All  had  fixed  stadia  wires  which  were  set  by  the  makers  to  subtend 
1  m.  in  a  distance  of  100  m.  Careful  tests  on  base  lines  measured 
with  a  steel  tape,  showed  that  the  setting  of  the  wires  was  practically 
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exact.     The  writer  considers  adjustable  stadia  wires  a  "delusion  and  a 
snare."  and  would  not  use  them  under  any  circumstances. 

The  stadia  rods  were  of  white  or  sugar  pine,  with  an  iron  shoe 
on  the  bottom,  and  were  of  the  following  dimensions:  4.55  m.  (14  ft. 
11  in.)  long;  bottom,  9  by  2.5  cm.  (3*  by  1  in.); 
and  top  7.3  by  1.6  cm.  (2|  by  §  in.).  They  were 
graduated  and  painted  as  shown  by  Fig.  1.  The 
figures  were  4  cm.  high  and  were  centered  over 
the  decimeter  marks.  Notches  were  painted  to 
mark  the  decimeter  at  the  ones  and  sevens.  Red 
was  used  to  mark  the  full  meters  and  one-half 
of  the  diamond  at  the  lialf  meters  was  also  red. 
As  the  latter  color  might  become  indistinguish- 
able from  black  at  long  distances,  when  the  light 
wa.-  bad.  the  form  of  the  diamond  was  varied 
at  the  meter  and  half-meter,  so  that  they  might 
be  located  by  their  shape.  In  ordinary  weather 
and  light  these  rods  could  be  read  with  certainty 
to  centimeters  at  a  distance  of  from  200  to  300 
m.  Beyond  that  distance  the  readings  were  un- 
certain. .  ■•.,. 

As  it  was  formerly  the  rule  to  graduate  stadia 
rods  to  fit  each  instrument,  it  should  be  noted 
that  these  rods  were  graduated  to  meters  and 
were  interchangeable  between  the  different 
parties. 

The  face  of  this  rod  was  so  badly  exposed 
that  the  figures  wore  off  quickly,  and  it  was  also 
limber  and  hard  to  keep  from  warping.  It  would 
be  greatly  improved  by  screwing  to  the  edges  i-in. 
strips  of  hard  wood  which  would  project  |  in. 
beyond  the  face. 

Programme  of  Work. — Starting  from  a  point, 
the  location  of  which  was  kno\vn  and  where  an 
accurate  azimuth  could  be  had,  that  is,  from  "A"  or  "B''  hubs,  or 
from  banco  corners,  or,  for  want  of  something  better,  from  stadia 
hubs  in  a  closed  traverse,  the  topographer  ran  a  traverse  which 
closed  on  another  fixed  point  or  on  a  point  in  another  stadia  traverse 
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1  IN  10 


Red- 


FlG.    1. 


1843  TOPOGRAPHICAL  SURVEYS  [Papers. 

which  had  been  closed.  Azimuths  were  read  from  0  at  the  north 
around  to  the  right,  90°  for  east,  180°  for  south,  270°  for  west,  and 
360°  or  0  for  north  again.     The  programme  was  as  follows: 

The  topographer  set  up  his  instrument  over  the  point,  read  and 
recorded  the  height  of  the  axis  of  the  telescope  above  the  top  of  the 
hub,  computed  the  back  azimuth  of  the  point  he  wished  to  back- 
sight on  by  adding  180°  to  its  foi'A\'ard  azimuth,  which  had  been  read 
to  the  limit  of  the  instrument,  set  his  A  vernier  to  read  this  azimuth, 
and  back-sighted,  with  his  telescope  erect,  on  the  edge  of  a  stadia 
rod  which  was  being  centered  as  nearly  as  possible  over  the  tack 
in  the  back  hub.  He  then  signaled  to  the  rear  flagman,  who  turned 
the  face  of  the  rod  to  the  instrument.  The  topographer  then  read 
and  recorded  the  level  reading  to  the  back-sight,  and  the  distance, 
undamped  his  plate,  and  was  ready  to  take  topography.  The  river 
man  started  with  0  for  his  first  hub,  and  gave  each  shot  a  consecu- 
tive number.  He  usually  had  three  stadia  rods,  sometimes  four, 
working,  and  kept  them  all  going.  When  a  rod  came  up  he  turned 
his  instrument  on  it,  read  the  level  (the  telescope  was  kept  level  all 
the  time  if  possible),  turned  the  micrometer  screw  until  the  lower 
wire  caught  a  full  meter  mark,  read  the  upper  wire,  mentally  deduct- 
ing the  reading  of  the  lower  wire,  turned  the  micrometer  back  until 
the  middle  wire  read  the  level  reading,  so  that  the  telescope  was 
again  level,  entered  in  his  book  the  level  and  stadia  readings,  waved 
the  stadia  man  all  right,  which  released  him,  and  then  read  and 
recorded  his  azimuth.  The  level  reading  was  taken  to  centimeters, 
the  stadia  to  centimeters,  and  the  azimuth  to  the  nearest  10',  except 
on  very  long  sights,  when  it  was  read  to  5'.  For  convenience  in 
platting,  one  side  of  the  river  was  given  from  six  to  eight  consecutive 
numbers,  and  then  the  other  side  the  same,  but  the  readings  were 
taken  whenever  a  rod  came  up. 

When  the  readings  were  all  taken  as  far  as  the  transitman  could 
see,  the  rodman  located  a  hub  and  put  a  tack  in  it,  signaling  for 
"point".  The  topographer  set  his  vernier  back  to  the  back  azimuth, 
noted  whether  or  not  the  transit  had  settled,  re-leveled  if  it  had,  and 
sighted  to  the  back  rod,  which,  as  before,  was  being  held  over  the 
tack,  and  then,  turning  ahead,  read  and  recorded  the  azimuth  to  the 
new  hub.  The  head  rodman  then  turned  his  rod,  and  the  level  and 
stadia   were   read,    and    recorded.      In    this    way   levels    and    distances 
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wore  read  twice  on  all   turning   points — once  fonvard  and  once  back- 
ward. 

The  stadia  was  read  direct,  tliat  is,  the  lower  wire  was  placed,  if 
possible,  on  an  even  meter  mark,  and  the  intercept  between  it  and 
the  upper  wire  was  read.  Sometimes  it  is  specified  that,  on  turning 
points,  the  lower,  niiildle,  and  upper  wires  shall  be  read  and  recorded, 
and  then  the  intercept  computed.  It  is  claimed  that  this  eliminates 
the  danger  of  errors.  This  is  quite  true,  but  it  also  eliminates  time 
to  such  an  extent  tliat  it  retards  the  progress  of  the  party. 

Pagk  of  River  Book. 


From: 


To: 


Azimuth. 


4  4(16  O 


Etc. 


4  393  O 

4  4oe  o 


Etc. 


238°  30'  30" 
58°  30'  SO" 


Cor.  2  O 


4  3'.»3  0 


1 

4  400 

99 

98 

97 
96 
95 


M°  :?r- 


'.IS'>  II)' 
52°  SO- 
US" 10' 

64°  40- 

76°  20' 

54°  50' 

170°  00' 

41°  50' 

155°  10' 
154°  .50' 
340°  00' 


94 

340°  1(T 

4  382  0 

2:*;°  39- 

4  393  O 

56°  39- 

Corrected  Az.  i   Stadia. 


58°  27'  80" 


2.29 

2.29 


H.  I.  Rod. 


56°  :w 


1 

.985 

1 

.75 

1 

.65 

1 

.28 

2 

a) 

1 

00 

2 

40 

1 

IS 

0 

35 

1 

17 

0.40 

0 

18 

3 

75 

3 

75 

22.09    2.79 

0.15 
H.  I. 

4-0°29' 

0.80 

1.00 

0.60 

H.  I. 

—  0°59' 
H.  I. 

—  2°  18' 

l.(X1 

1.10 

0.80 

H.  I 

—  6°  54' 

0.60 

2.80 

4.00 

+  2°  20' 

20.80    0.62 

2.45 


Elev. 


20.69 

20.0 
30.0 
19.8 
20.2 

15.3 

15.3 
19.8 
19.7 
20.0 

15.1 
20.2 
18.0 

20.0 
19.28 


(From  River  Book  No.  10,  page  19  ) 
When  the  above  record  was  made,  the  topographer  went  ahead  to 
the  new  point,  made  his  sketch,  set  up,  and  repeated  the  operations. 
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The  notes  were  kept  in  books  especially  made  for  this  work,  with 
wider  pages  than  usual.  The  notes  ran  up  the  page.  On  the  previous 
page  there  is  a  sample  of  the  notes  on  the  left-hand  page  of  a  book.  On 
the  right  hand  were  made  the  sketches  and  such  entries,  in  the  form  of 
remarks,  as  were  deemed  necessary.  The  shot  numbers,  being  between 
0  and  5  000,  show  that  this  was  on  the  river. 

The  notes  on  the  right-hand  page  showed  that  the  "Cor.  2"  tied  to 
was  Cor.  No.  2  of  La  Palma  Ba.nco  No.  25.  It  happened  that  at 
this  point  the  azimuths  were,  for  some  reason,  being  corrected  —  03'. 
The  elevations  underscored  thus,  19.28,  were  those  of  the  hubs,  and 
were  obtained  by  the  leveler.  The  entries  in  the  elevation  column 
enclosed  in  circles  were  the  height  of  the  telescope  above 
the  hub,  and  the  entries  in  the  sixth  column  were  the  height  of 
instrument  above  datum.  Of  course,  the  notes  and  sketch  on 
the  right-hand  page  showed  where  all  these  readings  were  taken.  This 
was  an  ordinary^  set-up  for  the  river,  as  regards  number  of  shots, 
but,  on  the  side  lines,  fewer  shots  were  taken  from  each  hub,  and  some- 
times brush  had  to  be  cut  for  each  shot,  so  that  progress  was  slow. 

Every  night  the  stadia  hubs  set  during  the  day  were  platted  on 
the  map,  and  if  a  line  ran  to  a  closure  and  closed  within  a  reasonable 
limit,  the  line  was  adjusted  graphically.  The  error  allowed  depended 
on  the  length  of  the  traverse,  but  roughly,  was  about  2  m.  per  km.  If 
the  error  was  more  than  that,  the  line  was  usually  re-run  in  the  field. 
If  an  error  of  azimuth  of  more  than  5'  developed  in  the  field  on  closure, 
the  line  was  re-run.  Probably  a  dozen  re-runnings  were  made  during 
the  winter's  work,  which  shows  that  the  topographers  were  careful  with 
their  work. 

Use  and  Abtise  of  Stadia. — The  use  of  stadia  in  taking  topography 
has  come  into  vogue  in  comparatively  recent  years.  It  was  used  ex- 
tensively on  the  re-survey  of  the  United  States-Mexico  boundary  west 
of  El  Paso,  in  1892  and  1893.  All  the  topography  which  the  present 
Boundary  Commission  has  taken  has  been  with  the  stadia.  It  was 
formerly  the  custom  to  use  rod  levels  on  the  rods,  to  determine  and  fre- 
quently to  check  a  "stadia  interval''  for  each  instrument  and  each  man, 
to  take  into  account  the  focal  distance  plus  the  distance  of  the  object 
glass  from  the  axis  of  the  telescope  (/  +  c),  which,  in  the  small  transits 
used  on  this  survey,  is  about  30  cm.  and  to  compute  distances  from 
a  stadia  reduction  table  made  for  each  instrument,  and  frequently  car- 
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rit'd  to  centimeters.  Such  tables  were  use<l  by  this  Commission  on  the 
l!?9T-98  re-survey  of  the  lower  river. 

As  the  nearest  that  the  stadia  interval  can  usually  be  read,  at 
distances  of  about  200  m.  or  more,  is  to  the  centimeter,  which  means 
a  meter  in  distance,  it  has  always  seemed  to  the  writer  that  too  great 
retinements  had  been  attempted.  It  purported  to  give  to  stadia  work 
a  degree  of  accuracy  which  did  not  exist,  and  thus  added  to  its  cost 
without  any  real  gain,  as  well  as  giving  it  a  factitious  value.  All  these 
retinements  use  up  time;  the  purpose  of  taking  topography  is  usually 
to  get  all  one  can  in  the  shortest  possible  time,  and  to  have  it  so 
accurate  that  errors  would  not  be  noticeable  on  the  map — in  this  case 
1  in  5  000 — which  is  to  be  made. 

On  this  work,  each  man  checked  his  stadia  interval  on  a  chained 
base  at  the  beginning  and  ending  of  the  work,  and  one  topographer, 
who  seemed  to  get  his  distances  too  short,  checked  his  several  times. 
No  material  variation  from  the  ratio  of  1  in  100  between  stadia  in- 
tercept and  distance  could  be  detected.  Therefore,  the  reduction  tables 
were  dispensed  with,  as  well  as  rod  levels,  and  the  topographer  read  his 
rod  as  far  as  he  could  see  it,  regardless  of  whether  or  not  the  lower 
wire  cut  the  rod  near  the  groimd.  Work  was  not  stopped  on  account 
of  the  "boiling"  of  the  air  caused  by  heat,  nor  on  account  of  wind, 
as  long  as  a  man  could  hold  a  rod.  The  following  analysis  of  the 
results  will  show  whether  or  not  it  was  wise  to  dispense  with  these 
refinements.  Of  course,  if  the  stadia  wires  of  an  instrument  do  not 
intercept  1  m.  at  100  m.,  a  stadia  reduction  table  must,  perforce,  be 
used  until  the  instrument  can  be  sent  to  the  makers  and  adjusted. 
The  stadia  wires  should  always  be  "fixed",  not  "adjustable". 

Within  its  proper  sphere,  the  stadia  is  unsurpassed  in  the  taking 
of  topography.  In  any  work  where  a  variation  of  1  or  2  m.  in  the 
relative  location  of  points  near  together,  or  .">  or  6  m.  in  that  of  those 
which  are  material  distances  apart,  can  be  tolerated,  the  stadia  offers 
a  mo^t  rapid  and  handy  method  of  work;  liut.  where  exact,  or  nearly 
exact,  location  of  points  must  be  had,  as  in  the  better  class  of  land 
surveys  and  in  all  town  and  city  surveys,  it  is  too  inaccurate  for  satis- 
factorj'  use. 

Accuracy  of  Stadia  IForA-. — After  leaving  the  field,  it  was  decided 
to  compute  and  balance  all  the  stadia  traverses.  This  gave  an  oppor- 
tunity  to   determine    the   accuracy    of   the    stadia    work.     The   work 
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naturally  divided  itself  into  three  parts,  the  river  line,  the  Texas  topo- 
graphy, and  the  Mexican  topography,  but  various  considerations 
induced  a  division  of  the  work  into  four  parts,  as  follows: 

First.  All  the  river  work  except  six  traverses:  This  was  all  done 
by  an  expert  instrumentman,  with  former  experience  in  stadia  work. 
The  sights  were  usually  open  ones,  many  being  across  the  water.  The 
distances  between  hubs  were  fairly  uniform,  and  were  long,  as  were 
the  traverses,  so  that  errors  would  compensate.  The  best  results 
should  be  expected  from  this  work. 

Second.  All  the  Texas  traverses,  together  with  two  river  traverses 
which  were  run  by  the  Texas  topographer:  He  was  a  good  instrument- 
man,  without  previous  experience  with  stadia;  he  was  working  in 
brush,  where  he  had  many  bad  sights  and  short  distances,  and  many 
of  his  traverses  were  short.  His  work  could  not  be  expected  to  show 
as.  good  results  as  did  that  on  the  river. 

Third.  The  Mexican  lines  down  to  San  Miguel,  about  35  miles 
below  Eoma,  together  with  two  river  traverses  near  Roma:  All  trav- 
erses were  run  by  green  men,  and  were  in  brush.  All  the  Mexico 
lines  started  from  and  closed  on  the  river  line,  so  that  some  discrep- 
ancy of  closure  may  be  chargeable  to  it. 

Fourth.  All  the  Mexico  traverses  below  San  Miguel,  together 
with  two  river  traverses  near  the  Gulf  which  were  run  by  the  Mexico 
topogTapher:  He  was  a  fairly  good  instrumentman  (with  eyes  which 
were  slightly  defective),  without  former  experience  in  stadia,  and 
was  working  the  greater  part  of  the  time  in  briish,  where  sights  were 
likely  to  be  poor  and  short.  Some  of  the  traverses  were  long,  and 
thus  gave  a  chance  for  the  compensating  of  errors.  Many  started 
from,  or  closed  on,  the  river  line,  thus  including  its  error. 

TABLE  7. — Errors  of  Closure  and  of  Azimuth. 


(I) 

Section. 

(2) 

Number 

of 

lines. 

(3) 

Total 
length. 

(4) 

Number 

of 
courses. 

<S) 

Mean 
length. 

(6) 

Linear 
error  of 
closure. 

(7) 

Ratio: 
1  in 

(8) 

Azimuth 
error. 

(9) 

Error 

per 

angle. 

River  .... 
Texas.... 
Upper 

Mexico. 
Lower 

Mexico. 

53 

75 

15 
43 

.S95  160 
312  731 

104  742 

238  490 

1  140 
1246 

521 

892 

347 

251 

201 
267 

245.2 
396.7 

130.5 

40(.).2 

1  611 

788 

803 
596 

70'  30" 
120'  12" 

13'  55" 

59-  45" 

3.7"  n  UO) 
7.0"  (1  040) 

2.3"     (365) 

4.2"     (847) 

Total... 

186 

1  051  113 

3  799 

J 
277          1  172.6 

896 

264'  22" 

4.7"  (3  392) 
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Althoug-h  several  linos  sliowed  evidence  of  blunders,  probably  of 
10  m.  each,  in  stadia  readings,  they  will  all  be  included  in  the  first 
analysis,  and  then  they  will  be  dropped  and  the  remaining  work 
analyzed. 

Table  7  includes  all  the  stadia  lines  which  were  run  to  a  closure. 
Some  of  the  lines  in  Table  7  were  run  to  a  distance  tie,  but  not 
to  an   azinuith  closure.     They   were  as  follows: 

River  section None. 

Texas   section 14  lines  206  courses. 

Upper    Mexico    section....   5     "  156       " 

Lower   Mexico   section 2     "  45       " 


Total 21  lines 


407  courses. 


The  azimuth  errors  in  C'olunin  9  are  calculated  with  these  courses 
deducted  from  the  totals.  The  figures  in  Table  7  in  parentheses  show 
the  number  of  courses  used  in  getting-  the  angular  error.  This  table 
also  shows  that  there  were  run  and  computed  186  lines,  aggregating 
1 051  km.  (653  miles)  in  length,  that  the  average  error  of  closure 
was,  practically,  1  in  900,  and  the  average  error  of  angle  reading, 
where  angular  closure  was  had,  was  less  than  5"  per  angle. 

One  river  line,  one  Texas  line,  and  seven  ^lexico  lines  indicated 
"busts"  in  stadia  readings.  They  are  dropped,  and  Table  8  is  made 
up  without  them.  It  gives  a  fairer  idea  than  Table  7  of  the  real 
accuracy  of  the  work.  As  the  mistakes  in  stadia  readings  did  not 
affect  the  azimuth  errors,  the  latter  are  not  repeated  in  Table  8. 

TABLE  8. — Errors  of  Closure — Omitting  Xixe  Bad  Lines. 


(1) 

Section. 

(2) 

Number 

of 
traverses. 

(3) 

Total 
length. 

(4) 

Number 

of 
courses. 

(5' 

Mean 
length. 

(6) 

Linear 
error  of 
closure. 

(7) 

Ratio : 
1  ic 

River 

.52 
74 
13 
88 

3K^596 

atn  73.S 

87  822 

202  632 

1  112 

1226 

446 

768 

345 
249 

197 
264 

228.0 

377.8 

97.0 

285.8 

1  682 

Texas 

807 

Upper  Mexico 

Lower  Mexico 

905 
709 

Totals 

.   177 

978  788 

8  552 

276 

988.6 

990 

Table  8  shows  that  177  lines,  presumably  free  from  "busts",  aggre- 
gated 979  km.  (or  608  miles)  in  length,  and  that  the  average  error  of 
closure  was  a  little  greater  than  1  in  1  000. 
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Table  9  gives  the  notes  of  the  nine  lines  which  were  omitted  from 
Table  8.  It  should  be  understood  that  these  lines  were  not  rejected 
because  their  ratio  error  showed  so  large,  but  because  the  absolute 
failure  to  close  was  so  great.  Several  shorter  lines  showing  larger 
ratios  of  error  than  these,  have  been  left  in  Table  8. 


TABLE 

^. — Rejected  Lines. 

(I) 

(2) 

(3) 

(4) 

(s) 

(6) 

(7)             (8) 

(9) 

(lO) 

Errors  of  Closure: 

Section. 

From  : 

To: 

Length. 

Courses. 

Mean 
length. 

Ratio: 

1  in 

Lat. 

Dep. 

Linear. 

River 

B-279... 

R^3  681. 

11564 

28 

413 

15.11  S. 

8.29  E. 

17.23 

671 

Texas 

R-619... 

R-817... 

7  988 

20 

399 

7.37  S. 

17.39   E. 

18.88 

423 

Up.  Mex. . . 

Z-399. . . 

Z-408  . . 

8  782 

33 

266 

9.23  S. 

14.19  E. 

16.92 

519 

"         "... 

R-(Xi.... 

R-237... 

8  138 

42 

194 

4.67  S. 

15.89  W. 

16.56 

497 

Low.  Mex.. 

M-8  151 

M-8  336 

5  426 

20 

271 

16.91  N. 

11.88  W. 

20.66 

262 

"        "    .. 

R-1  997. 

R-2  340. 

6  601 

35 

189 

2.33  S. 

18.56  W. 

18.70 

254 

"        "    .. 

M-9  fi47 

R-96.... 

6  954 

19 

366 

6.31  S. 

17.44  W. 

18.55 

375 

"        "    .. 

R-114... 

R-517... 

7  686 

23 

334 

21.14  8. 

15.51  W. 

26.20 

293 

•■ 

M-7  555 

R-1  053. 

9  191 

27 

340 

8.95N. 

29.00  E. 

30.35 

303 

9  lines     72  330 

247 

184.05 

393 

Mean  length,  8  037 

Table  9  shows  that  nine  lines,  aggregating  Y2  km.  (45  miles)  in 
length,  have  been  rejected,  because  it  was  apparent  that  there  were 
one  or  more  mistakes  in  stadia  reading  in  each.  It  also  shows  that 
their  average  ratio  of  error  is  a  little  greater  than  1  in  400. 

In  order  to  determine,  if  possible,  whether  or  not  the  different  topog- 
raphers were  systematically  reading  distances  short  or  long,  Table  10 
was  made  up.  It  is  assumed  that  each  section  had  but  one  series  of 
lines,  the  general  course  and  total  net  length  of  which  were  as  shown 
in  Column  6,  which  is  made  up  from  Columns  4  and  5.  The  quantities 
in  Columns  4  and  5  were  scaled  from  the  map.  The  sums  of  the  errors 
of  latitude,  both  north  and  south,  and  their  net  sums,  with  the  proper 
signs,  are  given  in  Columns  7,  8,  and  9;  the  same  for  departure  are 
given  in  Columns  10,  11,  and  12.  Column  13  gives  the  net  linear  error 
of  closure,  and  Column  14  gives  the  ratio. 

Table  10  indicates  that  the  river  topographer  slightly  over-ran  on 
distances,  as  a  general  thing;  that  the  Texas  topographer  balanced 
remarkably  well;  but  that  the  Mexico  man  under-ran  quite  badly.  This 
confirms  the  belief  that  he  was  inclined  to  read  the  stadia  too  short. 
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In  some  places  there  were  two  or  more  side  lines  parallel  to  each  «ither, 
so  that  the  assumption  that  there  was  only  one  series  of  lines  is  not 
exact.  There  wore  other  disturbing:  elements  which  make  the  results 
in  this  tiildo  (l(iul)tful.  It  lui>  no  esiiecial  siiiiiificance,  except  that  it 
show.s.  in  a  way,  the  jn-rsoual  oiiuations  of  the  men. 

TABLE  10. — General  Closure  of  Lines. 


(1) 

Section. 

(a) 
From : 

(3) 
To: 

(4) 
Lat.  S. 

(5) 
Dep.  E. 

(6) 

Course  and 
distance. 

10  km.  below  Koma 

Roma 

Roma 

San  Mifcuel 

9  km.  from  Gulf... 
Gulf 

47  000 
50  000 
19  000 
31  000 

168  000 

187  000 

4.3  000 

143  000 

S.  74°  E. 

174  .TOO 

Texas 

S.  75°  E. 
193  600 

Up.  Mex 

San  Miguel 

Gulf 

s.  m^  E. 

47(1110 
S.  78°  E. 
146  200 

(7) 

(8) 
Error. 

(9) 

(lOl 

Error. 

(12) 

(13) 

Net 
linear. 

(14) 
Ratio : 

1  in 

N. 

S. 

Net. 

E. 

W'. 

Net. 

S.  E. 

64.16 

78.88 

14.72  S. 

120.27 

21.81 

98.46  E. 

99.55 
S.E. 

1750 

113.14 

114.35 

1.21  S. 

127.78 

117.09 

10.69  E. 

10.76 
S.  W. 

18  000 

8.43 

27.22 

18.79  S. 

18.69 

52.27 

38.58  AV. 

38.48 
N.  W. 

1220 

133.95 

54.40 

79.55  N. 

22.83 

160.46 

137.63  W. 

1.58.97 

920 

Tables  11,  12,  13,  and  14  show  the  number  and  length  of  the  lines 
in  the  several  sections  which  had  certain  ratios  of  error,  and  Table  15 
shows  the  same  thing  for  all  the  177  accepted  lines.  These  tables  also 
show  the  poorest  and  the  best  ties  for  each  section,  and  the  shortest 
and  longest  lines  in  each  section  and  in  the  whole. 

Table  11  shows  that  the  worst  closure  on  the  river  was  1  in  408 
and  the  best,  1  in  18  042 ;  that  the  length  of  the  shortest  traverse  was 
1  SS9  m.  and  the  longest,  17  897  m.,  the  average  being  7  377  m.;  that 
less  than  4%  of  the  work  was  poorer  than  1  in  800,  that  nearly  half 
(48%)  was  between  1  in  1000  ami  1  in  2  000,  and  tliat  almost  30% 
was  better  than  1  in  3  000.  Table  12  shows  that  the  worst  closure  on 
the  Texas  work  was  1  in  210  and  the  best,  1  in  5  542;  that  the  length 
of  the  shortest  line  was  1  329  m.  and  the  longest,  11  320  m.,  the  average 
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being  4  118  m. ;  that  3%  of  the  work  was  poorer  than  1  in  400,  and 
that  80%  was  evenly  distributed  from  1  in  400  to  1  in  1  500. 

Table  13  shows  a  poorest  line  of  1  in  285 ;  this  was  the  first  traverse 
of  a  man  without  stadia  experience.  The  best  line  was  1  in  7  596, 
which  was  jointly  run  by  two  green  men.  The  length  of  the  shortest 
line  was  2  307  m.  and  the  longest,  14  358  m.,  the  average  being  6  756  m. 
Table  13  also  shows  that  5%  was  poorer  than  1  in  400  and  nearly  60% 
was  between  1  in  600  and  1  in  1  000. 

TABLE  11. — Ratios  of  Errors  of  River  Lines. 


(I) 

Ratio : 
1  in 

(2) 

Number 
of  lines. 

(3) 

Total 
length. 

U) 
Shortest. 

(5) 
Longest. 

(6) 
Mean. 

(7) 

Percentage 
of  whole. 

400     to        600. . . 
600     to        800. . . 
800     to     1  000. . . 

1  000     to     1  500. . . 
1500      to     2  000... 

2  000     to     2  500  . . 

2  500     to     3  000... 

3  UOO      to     4  000  . . 
More  than  4  000. . . 

2 
2 
5 
15 
9 
4 
1 
8 
6 

5  230 
8  668 

29  754 
115  307 

69  6.59 

30  899 
11  911 
59  264 
52  904 

2  426 
1  889 
1  965 

3  349 
3  336 

3  944 

4  146 

5  741 

2  804 
6  779 

11  154 
13  762 

13  592 

12  670 

14  678 
17  897 

2  615 

4  3.S4 

5  951 

7  687 
7  740 
7  725 
11  911 

7  408 

8  817 

1.4 
2.3 
7.7 
30.0 
18.2 
8.1 
3.1 
15.4 
13.8 

Totals 

52 

383  596 

7  377 

100  0 

1  in       408 

1 
1 
1 

1 

2  426 

6  856 

1889 

17  897 

1  in  18  042  

Best 

1  in       780 

Shortest 

1  in    8  773 

TABLE  12. — Ratios  of  Errors  of  Texas  Lines. 


(1) 

Ratio : 
1  in 

(2) 

Number 

of 

lines. 

(3) 

Total 
length. 

(4) 
Shortest. 

(5) 
Longest. 

(6) 
Mean. 

(7) 

Percentage 

of 

whole. 

Less  than    400 

400  to     600 

600  to     800. . . . 

80{)  to  1  000. . . . 

1  000  to  1  5(X). . . . 

1  500  to  2  000. .. . 

2  000  to  2  500.... 

2  500  to  3  (KX).... 

3  000  to  4  000.... 
More  than  4  000 

3 

17 
18 
11 
13 
4 
4 
1 

1 

8  9.39 
58  050 
60  344 
62  114 
64  216 
15  709 
18  777 

5  920 

6  064 
4  600 

1996 
1329 

1  657 

2  475 

1  550 

2  959 
2  827 

2  433 

3  491 

5  764 

6  756 
11  320 

8  093 
5  097 
8163 

3  63l' 

2980 
3297 

3  485 
5  647 

4  940 
8  927 

4  694 

5  920 

3  032 

4  600 

2.9 

19.1 

19.8 

20.4 

21.1 

5.2 

6.2 

1.9 

2.0 

1.4 

Totals 

74 

304  733 



4  118 

100.0 



1  in     210  

1 
1 
1 
1 

1996 
4  600 
1  329 
11  320 

Poorest. 

1  in  5  542 

Best. 

1  in     481 

Shortest 

1  In     979 
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TABU':  13.— Ratios  of  Ekijoks  ok  Uppkk  Mexico  Lines. 


(I) 

Ratio  : 
1  in 

(a) 

Number 
of  lines. 

(3) 

Total 
length. 

(4) 
Shortest. 

(5) 
Longest. 

(6) 
Mean. 

(7) 

Percentage 
of  whole. 

Less  than      400. . . 

600     to        800. . . 

800     to      1  0(KI  . . 
1  00<)     to      1  500. . . 
1  5ai      to     2  00(1... 
3  000      to      4  000... 
More  than  4  OOO... 

1 
4 
3 

1 
2 

1 
1 

4  325 

24  462 

25  873 
8  620 

10  645 

5  845 
8  052 

'2  307 
4  801 

'5  21)2 

'8184 
14  358 

'  s'sss 

4  325 
6115 
8  624 
8  620 

5  322 
5  845 
8  052 

4.9 
27.9 
29.5 

9.8 
12.1 

6.6 

9.2 

Totals 

13 

87  822 

6  756 

100.0 

1  in     285 

1 

1 
1 
1 

4325 
8  052 
2  307 
14  358 

Poorest. 

1  in  7  596 

Best. 

1  in     651 

Shortest. 

1  in     914 

TABLE  14. — Ratios  of  Erroks  of  Lower  Mexico  Lines. 


(•) 

Ratio: 
1  in 

(*) 

Number 
of  lines. 

(3^ 

Total 
length. 

(4) 
Shortest. 

(5) 
Longest. 

(6) 
Mean. 

(7) 

Percentage 
of  whole. 

Less    than     400... 
400     to         600. . . 
600      to         800. . . 
800     to      KXXt... 

1  000     to      1  500  . . 
1500     to     2  000... 

2  0(t0     to      2  500... 

2  5U1     to      3  000. . . 

3  000      to     4  000... 
More  than  4  000... 

5 
11 

8 
6 
1 
3 
1 
1 
1 
1 

17  4H1 
59  418 
42  4% 
38  833 

5  371 
13  095 

3  395 
8640 
7  879 

6  121 

2  2.39 

2  421 

3  048 
3  073 

'2  917 

0  806 
8  744 
7484 
10  201 

'6  449 

3  497 
5  402 

5  312 

6  472 
5  371 

4  365 
3  395 
8  540 

7  879 
6121 

8.6 

29.3 

21.0 

19.2 

2.6 

6.5 

1.7 

4.2 

3.9 

3.0 

Totals 

38 

202  6.32 

5  332 

100.0 

1  in     285 

1 

I 
1 

1 

2  844 
6  121 
2  239 
10  201 

Poorest. 

1  in  4  081 

Best. 

1  in     asi 

1  in     095 

Shortest. 
Longest. 

Table  14  shows  that  the  poorest  line  on  the  Mexico  work  was  1 
in  285  and  the  best,  1  in  4  081 ;  that  the  length  of  the  shortest  traverse 
was  2  289  m.  and  the  longest,  10  201  m.,  the  mean  being  5  332  m. ;  that 
nearly  9%  was  poorer  than  1  in  400,  and  that  70%  was  about  equally 
distributed  between  1  in  400  and  1  in  1  000. 

Tahlc  15  shows  thiit  the  poorc.«!t  lino  was  1  in  210.  it  having  been 
run  in  Texas;  tliat  the  best  was  1  in  18  042,  it  having  been  run  on 
the  river;  that  the  length  of  the  shortest  line  was  1329  m.,  it  having 
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been  run  in  Texas,  and  the  longest,  17  897  m.,  it  having  been  run  on 
the  river;  that  the  average  was  5  530  m. ;  that  3%  of  the  work  was 
poorer  than  1  in  400;  that  75%  was  about  equally  distributed 
between  1  in  400  and  1  in  2  000,  with  half  of  this  portion  between 
1  in  800  and  1  in  1  500,  and  that  15%  was  better  than  1  in  3  000. 

TABLE  15.— Ratios  of  Errors  of  all  Accepted  Stadia  Lines. 


(I) 

Error : 
1  in 

(2) 

Number 
of  lines. 

(3) 

Total 
length. 

(4) 
Shortest. 

(5) 
Longest. 

(6) 
Mean. 

(7) 

Percentage 
of  whole. 

Less   than     400... 

,  400      to      600. . . 

600       to       8(X)... 

r  800     to  1  000... 

1  000       to    1  500... 
1500       to    2  000... 

2  000       to    2  500... 

2  500       to    3  000... 

3  000       to    4  000... 
More  than  4  000... 

9 
30 
32 
25 
30 
18 

9 

3 
12 

9 

30  748 
122  698 
1.35  970 
156  574 
193  514 
109  108 
53  071 
26  371 
79  053 
71677 

1  996 
1  329 
1  6,57 
1965 

1  550 

2  917 
2  827 
5  920 
2  433 
4  60) 

6  806 
8  744 
8  184 
14  358 
13  762 

13  952 
12  670 
11  911 

14  687 
17  897 

8  416 
4  090 

4  249 
6  263 
6  450 

6  0(J2 

5  897 
8  790 
6.588 

7  964 

3.1 

12.5 

13.9 

16.0 

19.8 

11.2 

5.4 

2.7 

8.1 

7.3 

Totals 

177 

978  783 

5  530 

KXI.O 

1   in       210 

1 
1 
1 
1 

1  996 

6  856 

1329 

17  897 

1   in  18  042 

1   in      481 

1   in    8  773 

Table  15  also  indicates,  in  a  general  way.  that  the  shorter  the  line, 
the  poorer  the  closure  is  likely  to  be.  This  is  shown  more  plainly  in 
Table  11,  and  bears  out  the  statement  that  the  stadia  errors,  where 
the  work  is  skilfully  done,  tend  to  compensate  each  other. 

Comparison  with  Other  Stadia  Work. — Aside  from  this  survey,  the 
most  extensive  system  of  stadia  lines  with  which  the  writer  is  familiar 
was  that  run  by  the  United  States  Section  of  the  Barlow-Bianco  Com- 
mission while  retracing  the  International  Boundary  from  El  Paso 
to  San  Diego  in  1892  and  1893. 

Major  Barlow  states*  that,  in  all,  1  692  miles  of  stadia  lines  were 
run.  These  were  of  two  classes :  First,  "Main  Lines",  namely,  straight 
lines  run  along  the  tangents  or  boundary  lines,  and  consequently 
free  from  azimuth  errors.  Second,  "Side  Lines",  namely,  ordinary 
stadia  lines  in  which  both  angles  and  distances  were  determined.  Of 
the  first,  675  miles  (1  085  km.)  were  run,  of  which  five  sections,  aggre- 
gating 125  miles,  were  checked  by  triangulation,  with  an  average  error 


*  Personal  report  on  this  re-survey,  by  Major  Barlow,  pp.  156-157 
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in  distnncc  <ii"  1  in   1  lM^.     Of  lines  of  tlie  si-eond  chiss,  1  (HT  miles  were 

luii,  nf  wiiich  lis  lines,  aggregating  514  miles  (827  km.),  or  one-half 

vi  the  whole,  were  closed  on  i^oints  on  the  main  line,  with  an  average 

error  in  distances  of  1  in  ~')-2.     Of  these  lines  25%  showed  an  error  in 

cldsinii'  poorer  tluit   1   in  .".(i();  in  :]]''f,  tlie  error  was  from  1   in  50O  to  1 

in  KXKt;  in  oO%  the  error  was  from  1  in  10(K)  to  1   in  2(100.  and  1-4% 

of  the  lines  wore  better  than  1  in  2  (K)0. 

It  will  lie  noted  that  only  a  i)ortion  of  these  side  lines  was  controlled 

hy  triangulation  through  the  main  line.     How  large  a  portion  Major 

J^arlow    dm's    not   state.      The    remaining   lines    simply    closed   on   the 

stadia  "main  line"  with  its  probable  error  of  1  in  1200.     If  these  118 

125 
lines  were  distributed  unift>rndv  over  the  whole  area,  then  only  -^^-i 

( )  /  o 

or  22  of  them,  were  controlled  by  triangulation.  as  those  on  the  Kio 
Grande  were  controlled  by  the  precise  line  either  directly,  or  through 
another  stadia  line.  Therefore,  on  account  of  involving  the  error  of  the 
stadia  ''main  line"',  the  foregoing  closing  ratio  of  1  in  752  is  un- 
certain; it  may  be  larger  or  it  may  be  smaller  than  given. 

It  should  be  stated  that  all  the  river  lines  started  and  closed  on 
precise  jwints;  that  all  the  Texas  lines,  except  10  or  12.  started  and 
closed  in  the  same  way.  and  these  last  were  controlled  by  stadia  lines 
which  had  been  adjusted;  and  that  nearly  all  the  Mexico  lines  tied 
in  to  river  traverses,  which  were  all  controlled.  The  rule  adopted  was: 
first  to  balance  the  traverses  which  closed  on  precise  points,  and 
then,  assuming  that  all  i»oints  on  these  were  fixed,  to  balance  the  lines 
which  ran  from  them. 

Johnson*  gives  a  table  (Table  10)  showing  the  particulars  of  Major 
Barlow's  118  lines  which  were  run  to  a  closure.  Johnson's  last  col- 
umn gives  the  average  azimuth  error  on  closing  per  kilometer  of 
line  run.  This  has  been  changed  to  "Azimuth  error  per  angle  read"', 
so  that  the  result  niay  be  compared  with  those  of  Table  7. 

Table  16  shows  that  the  approximate  length  of  the  118  side  lines 
which  were  run  to  a  closure  on  the  "main",  or  boundary,  stadia  line 
was  7  000  m..  or  a  total  of  826.5  km.  (513.7  miles)  and  18  courses  per 
line;  that,  assuming  the  "main""  line  to  be  correct — which  it  was  not 
(see  Table  17) — these  side  lines  closed  on  it  with  an  average  error 
of  1  in  750  in  distance  and  of  nearly  23"  per  angle  turned.    These  last 

*  "  Theory  and  Practice  of  Surveying,"  by  J.  B.  Johnsoii,  16th  Edition,  1906.  p.  280a. 
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two  may  be  compared  with  the  writer's  closures  (see  Table  7)  of 
1  in  900  for  distance  and  less  than  5"  per  angle  turned,  on  186  lines 
aggregating  1  051  km.,  or,  rejecting  9  lines  (see  Table  8),  a  closure 
of  1  in  990  on  177  lines  aggregating  979  km. 

TABLE  16. — Work  on  International  Boundary  West  of 
El  Paso,  1892-93. 


(I) 

No.  of  lines. 

(2) 

Total  length. 

(3) 

Average 

length  of 

sights. 

(4) 

Average 

nunnber  of 

sights  per  line. 

(5) 

Error  of 
closure :   1  in 

(6) 

Azimuth  error 
per  angle  read 

39 
49 
28 
12 

Ill  823.2 
280  706.8 
290  633.9 
143  352.0 

253.0 
356.7 
4:^7.7 
580.4 

15.2 
16.1 
23.7 
20.6 

.553 

782 
817 

786 

29.0" 
23.0" 
18.8" 
21.5" 

118 

826  515.9 
7004  = 

386.2 
iverage  length 

18.1 
3f  lines. 

752 

22.7" 

The  writer  has  had  occasion  to  check  with  a  steel  tape  three  of 
the  distances  between  monuments  on  the  boundary  west  of  El  Paso, 
and  the  result  of  this  checking  is  given  in  Table  17. 

TABLE  17. — Checking  Distances  between  Monuments. 


(!) 

From 
Monument : 

(2) 

To 
Monument : 

(3) 

Stadia 
(Barlow). 

(4) 

Chained 
(Follett). 

(5) 
Difference. 

(6) 

Ratio  of  error  : 
1  in 

84 
85 
92 

85 
86 
93 

3  983.66 

4  449.98 
4  460.52 

3  977.6 

4  444.1 
4  462.85 

+6.06 
-i-5.88 

—2.  as 

657 

756 

1  922 

12  894.16 

12  884.55 

14.27 

904 

The  arithmetical  sum  of  the  differences  is  used.  The  signs  only  go  to  show  that  some- 
times the  stadia  distances  over-ran  and  sometimes  fell  short. 

The  stadia  distances  in  Table  17  are  taken  from  Column  2  of  the 
table  on  page  36  of  Part  1  of  the  Barlow  Report,  and  it  is  there  stated 
that  the  distances  are  those  of  the  United  States  Section.  The  dis- 
tances between  Monuments  84  and  85  and  Monuments  85  and  86  were 
measured  with  a  steel  tape  on  level  ground  by  Mr.  Ross  Allison  in 
February,  1908.  Mr.  Allison  had  just  completed  several  montlis'  work 
on  a  precise  line  in  the  El  Paso  Valley  and,  being  a  very  careful 
man,  he  naturally  took  great  pains  with  his  chaining.  There  is  no 
doubt  that  it  checks  within  1  in  10  000.     The  distance  between  Monu- 
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ments  92  and  93  was  measured  on  Au^st  22d,  1906,  by  Mr.  Zayas  and 
the  writer.  The  ground  was  rolling.  The  chaining  was  carefully  done, 
and  probably  will  check  within  1  in  5  000  or  1  in  6  000.  Table  17  would 
indicate  that  the  "maiTi"  stadia  line  of  the  Barlow  Survey  may  not 
elicck  any  better  than  his  side  lines,  and,  as  the  latter  were  controlled 
by  the  former,  considerable  doubt  is  thrown  on  the  trustworthiness 
of  the  results  given  in  Table  16.  Certain  combinations  of  errors  would 
give  results  better  than  there  shown,  and  others  woidd  give  worse  ones. 
As  illustrating  further  the  possible  errors  which  may  have  existed 
in  the  Barlow  "main"  line,  attention  is  called  to  the  distance  between 
Monuments  85  and  86.  The  table  referred  to  in  the  Barlow  Report 
g-ives  the  United  States  stadia  distance  as  4  449.98  m.  and  the  Mexican 
as  4  437.85  m..  a  difference  between  the  two  of  12.13  m.,  or  1  in  366. 
The  mean  was  assumed  to  be  correct.  The  writer  does  not  know  whether 
it  or  the  original  Barlow  distance  was  used  in  balancing-  adjacent 
stadia  traverses.  Similar  differences  will  be  found  at  various  places 
in  the  table.  A  cursory  examination  discloses  twenty  places  where 
the  United  States  and  Mexican  distances  betTveen  adjacent  monuments 
differ  more  than  1  in  400  and  seventeen  more  where  they  differ  more 
than  1  in  500.  The  worst  ratio  of  differences  is  between  Monuments 
1*^5  and  1S6  where  the  distances  differ  1  in  270  (the  two  distances 
being  4  496.74  and  4  513.41  m.).  The  worst  absolute  difference  is 
between  Monuments  105  and  106,  where  the  difference  is  21.5  m.  and 
the  ratio  of  differences  is  1  in  301  (the  two  distances  being  6  492.22 
and  6  470.68  m.).  The  first  is  in  broken  country  and  the  last  is  on 
a  level  prairie. 

Attention  is  not  called  to  these  discrepancies  with  the  intention  of 
criticizing  the  work  of  the  Barlow-Bianco  survey,  because  the  exact 
distances  between  monuments  was  of  no  particular  importance,  so  long 
as  they  were  placed  on  the  boundary,  but  for  the  puri)ose  of  showing 
the  uncertainty  of  the  data  in  Table  16.  This  table  has  become  a 
classic,  and  it  is  only  right  that  those  who  use  it  should  know^  just 
how  much  dependence  can  be  placed  on  it. 

On  the  Barlow  work,  great  exactitude  was  attempted  in  the  stadia 
work  by  the  use  of  rod  levels  for  holding  rods  plumb,  stadia  reduction 
tables,  frequent  interval  determination.s,  studies  of  the  boiling  of 
the  air  caused  by  heat  waves,  and  of  differential  refraction,  etc.,  etc. 
All  these  things  not  only  consumed  valuable  time,  but  gave  a   fac- 
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titioii?  Viilue  to  the  results.  They  naturally  engendered  the  belief 
that  the  work  was  nnich  closer  than  it  really  was.  It  is  disappointing, 
to  say  the  least,  to  tind  that  distances  which  are  given  to  centimeters 
are  really  from  one  to  several  meters  in  error.  No  man  can  read  by 
stadia  a  distance  to  tenths  of  a  meter  at  distances  of  more  than  50  m. 
He  may  read  to  half  a  meter  up  to  200  m.  or  so,  but  beyond  that 
he  is  lucky  if  he  gets  within  a  meter  of  the  true  distance.  The  centi- 
meters of  the  Barlow-Bianco  distances  come  from  the  use  of  reduction 
tables  which  are  computed  to  centimeters  from  observations  which 
could,  at  the  best,  only  go  to  haJf  meters,  or  in  very  short  distances, 
tenths  of  a  meter. 

Johnson  states*  that  the  results  obtained  on  the  TJ.  S.  Lake  Survey 
are  perhaps  a  fair  average  for  various  conditions.  On  that  survey 
the  errors  of  closure  of  141  meandered  lines,  averaging  1^  miles  each, 
or  210  miles  (338  km.)  averaged  1  in  650.  The  otttcial  limit  was  1  in  300. 
Comparison  is  invited  between  Tables  7  and  8  and  Table  16.  The 
physical  conditions  under  which  the  two  sets  of  lines  were  run  were 
about  a  "stand-off".  The  Barlow  lines  were  run  in  a  country  which 
was  very  rough  in  places,  but  was  practically  free  from  brush,  and 
where  the  air  conditions  were  generally  fair,  except  in  the  mountains, 
where  they  were  usually  good.  The  lines  of  Tables  7  and  8  were  all 
in  a  flat  country  favorable  to  good  work,  but,  aside  from  the  river, 
were  in  brush  and  with  poor  air  conditions  at  times.  The  three  tables 
indicate  that  much  more  depends  on  the  expertness  and  carefulness 
of  the  instrumentman  than  on  rod  levels  and  reduction  tables.  The 
grade  of  the  transits  was  the  same  on  both  surveys. 

The  writer  believes  that  his  thesis — that  stadia  work  as  usually 
done  is  burdened  with  needless  refinements — is  sustained  by  the  re- 
sults of  this  work  when  compared  with  those  obtained  by  the  more 
laborious  methods. 

Bate  of  Progress  of  Stadia  Work. — The  rate  of  progress  on  the 
stadia  lines  varied  greatly.  The  fairest  way  of  showing  it  is  to  give 
the  number  of  shots  ]ier  day.    These  are  as  follows : 

River  topography 150  to  200  shots  per  day. 

Texas  "         100  to  150       "       "       " 

Mexico         "         90  to  125       "      "      " 

The  river  party  covered  from  3  to  5  km.  (2  to  3  miles)  per  day. 
*  "Theory  and  Practice  of  Surveying.'"  p.  280. 
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Unit  Costs. 

The  totiil  cost  of  the  field  operations,  from  October  1st,  1910,  to 
June  80th,  1911,  inehulinp  all  transporlation  charg&s  and  repair  of 
outfit,  was  $22  400. 

It  is  inipossililr  to  divide  this  exactly  among  the  various  classes 
of  work.  About  75%  can  be  properly  distributed.  This  has  been  done, 
and  then  the  remaining  25%  has  been  divided  up  in  about  the  same 
proportion  as  the  75%,  and  the  following  results: 

Precise   line $4  000 

Primary  level  line 750 

Topography 13  150 

Ties    to    bancos,    marking    bancos    and 

building    monuments 4  500 

Total $22  400 

The  precise  line  cost  includes  half  of  the  computer's  time.  The 
topography  cost  includes  the  time  of  two  draftvsmen  and  the  note 
caller.     The  banco  ties  cost  includes  half  of  the  computer's  time. 

The  precise  line  party  ran  and  checked  (including  lines  run  to 
reference  points)  155  miles  of  line,  which  cost  $25  per  mile.  This 
seems  excessively  large.  No  comparison  with  similar  work  can  be 
found. 

The  level  party  ran  and  checked  155  miles  of  primary  levels,  which 
cost  $5  per  mile.  This  is  reasonable,  and  compares  favorably  with  the 
cost  of  similar  work  in  other  places. 

The  topograi)hers  covered  375  sq.  miles,  at  a  cost  (for  the  work 
done  on  this  trip)  of  $35  per  sq.  mile.  There  had  been,  however,  79 
bancos  surveyed,  where  old  topography  was  available.  Of  course,  the 
river  had  to  be  re-surveyed  in  front  of  the  bancos.  The  average  area 
of  each  of  these  to  the  center  of  the  old  channel,  was  about  145  acres. 
The  survey  extended  beyond  this,  so  that  each  banco  survey  repre- 
sented, probably,  ^  sq.  mile,  or  40  sq.  miles  in  all,  leaving  335  sq.  miles 
which  were  covered  by  this  survey,  at  a  cost  of  $39  per  sq.  mile.  Xo 
unit  cost  can  be  calculated  for  the  banco  ties,  etc. 

It  must  be  remembered  that  the  topography  did  not  cover  the  whole 
ground  thoroughly,  but  consi.sted  in  the  tracing  out  of  special  features, 
such  as  the  river  channel,  ovei-flow  bank,  roads,  ranches,  lagoons,  etc., 
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hence  the  foregoing  cost  is  not  properly  comparable  with  contour  sur- 
veys which  cover  all  the  ground  with  equal  thoroughness.  Such 
may  cost  two  or  three  times  as  much  per  square  mile  as  did  this  and 
still  be  economically  done. 

The  Barlow  survey  covered  1  750  sq.  miles,  at  a  cost  of  $85  500 
plus  40%  for  "General  office  and  Commission  expenses",  or  $119  700 — 
or  $68  per  sq.  mile.  The  two  surveys  probably  covered  the  ground 
with  about  the  same  degree  of  thoroughness,  but  the  physical  condi- 
tions were  much  more  severe  on  the  Barlow  work. 
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Maurice  G.  Parsons,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  writer's  Mr. 
paper  has  fallen  into  the  hands  of  men  more  worthy  than  he,  who 
have  treated  it  from  various  points  of  view,  with  the  matureness  of 
thought  which  comes  from  decades  of  practice,  and,  as  masterly  theses 
on  kindred  subjects  have  recently  appeared  elsewhere,  little  could 
now  be  added  advantageously  by  any  one.  On  the  subject  of  the 
money  trust,  however,  which  at  present  incurs  the  disfavor  of  several 
factions,  the  writer  desires  to  make  some  closing  remarks. 

Past  abuses  by  this  elusory  organization  must  be  corrected,  not 
from  without,  but  from  within.  Only  the  money  trust  itself,  prior 
to  a  much  more  serious  stage  of  the  malady  with  which  the  nation 
is  afflicted,  can  temper  its  injustices.  Voluntarily,  when  it  comes 
under  the  control  of  men  big  enough  to  be  more  generous,  it  will 
allow  adequate  compensation  to  all  producers ;  for  its  own  welfare, 
private  initiative  will  be  encouraged,  the  man  with  a  good  commodity 
will  be  given  opportunity  to  find  a  market,  and  will  receive  a  fair 
reward.  Under  a  stronger  and  more  enlightened  money  trust,  in- 
human greed  will  be  peacefully  diminished;  capital,  as  capital,  will 
consider  the  substantial  needs  of  the  people,  its  retainers;  and  stock 
exchange  juggling  will  cease.  Through  the  merest  common  sense,  it 
will  correct  its  many  abuses. 

Moreover,  the  control,  by  a  small  ring,  of  much  ready  money  is 
necessary  in  order  that  tremendous  undertakings  may  be  accomplished, 
that  new  territory  can  be  vitalized  as  the  result  of  world-wide  pro- 
longed conscientious  search  for  that  which  is  most  promising.     The 

•  Continued  from  August,  1913,  Proceedings. 
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Mr.  present  crisis  of  international  tension,  financial  stringency,  political 
Parsons,  ^^^j  social  unrest,  could  be  passed  quickly  and  safely  if  all  bankers, 
in  a  spirit,  of  mutual  interest,  would  get  together  with  that  end  in 
view — if  there  were  a  firmer  and  better  money  trust. 

Nor  is  precedent  lacking  for  such  a  financial  authority :  The  Edison 
Laboratories  are  not  content  with  the  resources  of  any  one  locality. 
If  something  is  wanted,  it  is  searched  for,  everywhere,  at  great  cost. 
A.S  a  result  of  world-wide  investigation  with  central  clearing-house 
reports  and  decisions,  the  Edison  Laboratories  produce  handsomely 
for  the  use  and  convenience  of  man.  In  political  government  the  in- 
dividual is  not  a  large  enough  unit;  neither  is  the  family  nor  the 
state.  We  have  a  national  head  and  even  international  formalities. 
Similarly,  the  individual  is  nonnally  merged  financially  in  the  local 
commvmity.  Next  in  order,  is  a  sub-control  of  local  affairs,  then  an 
accumulating  of  resources  in  some  particular  bank,   and  so  on.* 

Must  we  not  have  admittedly  a  supreme  authority  in  matters  of 
finance,  a  coterie  of  international  bankers,  with  its  hand  on  the  pulse 
of  the  world? 

In  a  broader  conception,  these  men  would  be  members  of  more 
than  a  commercial  clearing  house.  Money  is  simply  a  medium  of  ex- 
change and  standard  of  value.  It  represents  stored-up  life,  and  as 
such  is  to  be  regarded  with  awe.  Those  who  control  it  control  the 
lives  of  the  people  and  the  welfare  of  the  nation.  All  differentialities 
of  human  interest  are  not  reduceable  by  man,  with  his  human  frail- 
ties and  only  human  knowledge,  to  precise  amounts  of  money.  It  is 
necessary,  therefore,  that  these  men  have,  in  addition  to  ability, 
training,  experience,  and  judgment,  a  broad  human  understanding. 
Furthermore,  they  must  be  men  who  can  oppose  with  an  iron  hand, 
if  need  be,  improper  tendencies.  Study  should  be  given  by  them  to 
such  matters  of  national  interest  as  the  high  cost  of  living,  the  per- 
nicious influence  on  morality  of  rag-time  thought,  speech,  song,  dance, 
and  dress,  the  fact  that  in  so  many  cases  viri  has  given  place  to  liomo. 
World  patriots  of  finance,  in  the  interests  of  capital,  could  do  naught 
but  afford  an  "even  break"  and  a  "square  deal"  to  each  and  all,  for, 
to  secure  iiei-petually  a  maximum  present  worth  of  net  incomes,  there 
must  be  happiness,  loyalty,  industriousness,  integrity — all  the  superb 
qualities — on  the  part  of  all  the  people.  Industry  should  be  for  the 
use  and  convenience  of  man,  for,  in  the  last  analysis,  it  is  not  bank 
accounts,  but  lives  and  souls,  which  count.  The  engineer  of  to-morrow 
will  be,  let  us  hope,  a  human  engineer. 

It  were  an  easy  matter  to  enlarge  on  the  powers  of  the  money 
trust  until  it  absorbs  every  function  of  government.  We  should  then 
have   to    ask   ourselves   where    we   were   coming   out;   what   these   all- 

*  The  reader  is  referred  to  an  article  on  the  Eaihire  of  the  First-Second  National  Bank 
of  Pittsburgh,  in  the  Literary  Digest,  July  10th,  1013. 
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powerful   lUL'ii   iiiitiht   do;   niul   how   they   would   be   chosen.     Under   a      Mr. 
pure  den)ooracy.  we  should  run  the  danger  of  having  for  our   rulers 
a   prize  collection   of  demagogues.     With   a    restricted   democracy,   we 
might  gradually  be  overpowered  by  an  oligarchy  serving  its  own  end. 
An  inherited  monarchy  would  sometime  fall  to  an  imbecile. 

As  it  is  to-day,  we  have  a  system  that  works,  and  no  great  need 
exists  for  a  radical  departure,  although  some  precautionary  measures 
should  be  taken.  The  Reclamation  Service  and  the  Department  of 
Commerce  and  Labor,  the  one  spending  many  millions  of  dollars, 
guided  presumably  by  the  ideal  thooi-y  of  investing  our  money  where, 
when,  and  in  what  amounts,  it  will  do  the  most  good,  the  other  serving 
the  people  in  a  sociological  sense — these  two  divisions  of  govern- 
ment might  unite  forces,  developing  into  a  department-controlling 
industry,  but  it  is  hardly  likely  that  such  is  a  necessary  step.  We 
have  now  a  government  to  look  after  our  many  needs  and  troubles. 
We  have  financial  rulers  (the  real  nilers)  deciding  our  commereial 
issues.  We  have  individual  strong  men.  On  occasion,  they  are  at 
variance,  and  unavoidably  so,  for  it  is  rare  for  even  only  two  minds 
to  be  in  perfect  accord. 

What  will  be  the  new  philosophy  of  engineering?  Will  there  be 
an  industry  for  profit,  an  industry  for  abuse,  an  industry  for  profit 
and  use,  or  will  there  be  chaos?  We  are  facing  a  big  problem;  one 
for  the  individual,  educator,  and  engineer  to  solve.  Social,  political, 
educational,  moral,  and  economic  conditions  are  changing.  The  con- 
centration of  poi:)ulation  presents  its  own  difiiculties.  With  all  our 
necessities  and  luxuries  we  clamor  for  more,  in  the  belief  that  some 
day  we  shall  have  enough  to  make  us  happy  and  industrious.  The 
vast  resource  of  opportunity  of  the  past  century  has  passed  with  it. 
Competition  from  now  on  must  be  for  quality.  Peace  prevents  the 
elimination  of  the  strong,  sanitation  and  amelioration  of  conditions 
presei've  the  weak,  so  that  the  strong  become  stronger,  the  weak, 
weaker,  and  competition  increases  under  an  artificial  selection.  This 
means  more  bitter  disappointment  to  more  losers.  The  struggle  for 
existence  is  a  relic  of  the  past,  but  in  this  game  of  life,  what  strife 
may  come  ?  The  question  is  not  one  of  organization,  but  of  philosophy ; 
not  of  how  much  property  is  accumulated,  but  of  the  use  to  which 
it  is  put;  not  of  system,  but  of  men.  We  need  a  closer  harmony  be- 
tween existing  working  parts. 

The  big  task  before  the  engineer  to-day  is  to  help  the  world  out 
of  the  uncertainties  of  complexities,  theories,  and  tendencies — the 
work  of  his  hand — into  a  new  condition  of  stable  equilibrium.  This 
means  sober,  industrious,  healthy,  educated,  courageous  individuals, 
in  short,  good  citizens.  It  means,  also,  broad-minded,  far-sighted, 
unoppressive  industry,  good  business.     A  strong  and  wise  government 
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Mr.       is  necessary.     Perfect  team  work  between  business,  government,  and 
arsons,  pg^jp]^  ^g  called  for.     Fundamentally,  the  need  is  always  men.^ 

"God  give  us  men !     A  time  like  this  demands 
Strong  minds,  great  hearts,  true  faith,  and  ready  hands; 
Men  whom  the  lust  of  office  does  not  kill; 
Men  whom  the  spoils  of  office  cannot  buy; 
Men  who  possess  opinions  and  a  will; 
Men  who  have  honor,  men  who  will  not  lie; 
Men  who  can  stand  before  a  demagogue. 
And  damn  his  treacherous  flatteries  without  winking! 
Tall  men,  sun-crowned,  who  live  above  the  fog 
In  public  duty  and  in  private  thinking: 
For  while  the  rabble,  with  their  thumb-worn  creeds, 
Their  large  professions  and  their  little  deeds, 
Mingle  in  selfish  strife, — lo !     Freedom  weeps. 
Wrong  rules  the  land,  and  waiting  Justice  sleeps."  * 

*  "Wanted",  by  Dr.  J.  G.  Holland. 
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DERIVATION  OF  RUN-OFF  FROM  RAINFALL  DATA. 

Discussion.* 


By  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. 


L.  J.  Le  Conte,  M.  Am.  Soc.  C  E.  (by  letter). — The  formula  pre- 
sented by  the  author  is  very  ingenious  and  seems  to  fit  the  cases  con- 
sidered with  surprising  closeness.  Where  the  basin  is  for  water  supply 
and  power  purposes,  however,  the  writer  would  particularly  caution  the 
young  engineer  against  making  any  practical  use  of  the  long  average 
run-oflF,  which  is  that  furnished  by  the  formula. 

The  water  supply  storage  reservoirs  at  and  near  San  Francisco,  Cal., 
have  been  in  constant  use  for  43  years,  hence  the  practical  results 
obtained  are  very  interesting.  The  long  average  rainfall  is  40  in., 
and  the  long  average  run-off  is  8  in.,  or  20  per  cent.  The  important 
fact  remains,  however,  that  at  intervals  of  10  or  12  years  there  are 
3  years  in  succession  in  which  the  rainfall  is  only  18  or  20  in.,  and  is 
distributed  so  uniformly  that  the  thirsty  grovind  takes  it  all,  and,  as  a 
result,  there  is  absolutely  no  run-off  for  600  days  or  more.  The  reser- 
voirs, therefore,  have  to  be  large  enough  to  hold  a  3  years'  supply  with- 
out any  possible  hope  of  replenishment. 

The  same  important  feature  is  noticed  on  the  Sudbury  water-shed,f 
where  the  record  for  37  years  shows  a  long  average  yield  of  1  000  000 
gal.  per  day  per  sq.  mile  of  water-shed;  but,  during  the  three  successive 
years,  1909,  1910,  and  1911,  the  average  yield  was  only  .550  000  gal. 
per  day  per  sq.  mile.  This  is  practically  the  limit  of  usefuhiess  for  this 
water-shed.  The  record  shows  that  in  1888  the  average  yield  was 
1700  000  gal.  per  day  per  sq.  mile  of  water-shed,  but  as  this  only 
happens  once  in  about  25  years,  this  isolated  fact  has  no  practical  value 
for  water-supply  purposes.  

*Thi>»  discussion  (of  the  paper  by  Joel  D.  Justin.  Assoc.  M.  Am.  Soc.  C.  E..  published  in 

August   1913,  Froceedingi^.  but  not  presented  at  any  meeting),  is  printed  in  Proceeding.'^,  in 

order  that  the  views  expressed  may  be  brought  before  all  members  for  further  discussion. 

tTwelfth  Annual  Report,  Metropolitan  Water  and  Sewerage  Board  of  Massachusetts 

1912,  p.  58. 


Le  Conte. 
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riTYSirAL  VALUATION   OF  RAILROADS. 

Discussion.* 


Bv   Messrs.  Halbert  P.  Gillette,  J.  E.  Willoughby,  S.  Whinery, 

F.  Lavis,  William  W.  Crehore,  AlexaxNder  C.  Humphreys, 

and  J.  H.  Gandolfo. 


Halbert  P.  Gillette,  M.  Am.  Soc.  C.  E.  (by  letter). — Appraisers  Mr. 
of  railways  and  other  public  utilities  differ  radically  on  many  impor-  <^'i"^««. 
tant  principles,  such,  for  example,  as  to  the  propriety  of  using  present 
unit  prices  or  prices  that  are  the  weighted  average  during  a  term  of 
years.  The  writer  has  found  that  most  of  these  differences  of  opinion 
spring  from  differences  in  hypotheses  as  to  the  political  status  of 
public  utilities.  Analysis  discloses  two  distinct  hj'potheses,  or  theories, 
which,  though  rarely  reduced  to  words,  exist  in  more  or  less  definite 
form  in  the  minds  of  appraisers.     These  two  theories  may  be  called: 

1.  The  Agency  Theory; 

2.  The  Competitive  Theory. 

According  to  the  Agency  Theorj-,  every  public  service  company  is 
a  public  agent  authorized  to  render  certain  kinds  of  service,  and  entitled 
to  be  recouped  for  all  reasonable  expenditures  and  costs  plus  a  fair 
profit. 

According  to  the  Competitive  Theory,  every  public  service  company 
is  authorizetl  to  render  certain  kinds  of  service,  and  is  entitled  to 
collect  what  the  traffic  will  bear  under  more  or  less  competitive  con- 
ditions. 

It  is  needless,  perhaps,  to  point  out  that,  until  recent  years,  Amer- 
ican railways  were  not  sul)joctcd  to  regulation  according  to  the  Agency 
Theory,  but  were  "regulated"  by  the  natural  laws  of  commerce.  Grad- 
ually, however,  the  Agency  Theory  of  regulation  has  been  evolving, 
but  has  not  yet  attained  general  application.  We  still  see  the  Federal 
•  Continued  from  September,  1913,  Proceedings. 
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Mr.  Government  attempting  to  apply  the  Competitive  Theory'  to  railways, 
Gillette.  j_^y  forcing  the  dissolution  of  so-called  "competing  lines";  while,  at  the 
same  time,  the  most  "progressive"  States  are  attempting  to  apply  the 
Agency  Theory.  The  Public  Service  Commission  of  the  State  of 
Washington  recently  authorized  the  consolidation  of  certain  telephone 
companies,  and  scarcely  was  the  consolidation  effected  before  the  At- 
torney General  of  the  United  States  began  action,  under  the  Sherman 
law,  to  "unscramble"  the  consolidated  companies. 

Two  political  theories,  therefore,  are  now  struggling  for  supremacy ; 
and  it  happens  that  these  two  theories  vitally  affect  the  principles  to 
be  applied  in  the  appraisal  of  railways  and  other  public  utilities. 

According  to  the  Agency  Theory,  the  "value"  of  a  public  utility 
property  is  the  reasonable  actual  investment  of  capital  in  the  property. 
This  includes  the  investment  in  the  physical  property  and  the  invest- 
ment in  the  "residual  development  cost"  (the  unrecouped  deficit  in  fair 
return  on  the  investment). 

According  to  the  Competitive  Theory  (when  logically  applied),  the 
value  of  the  property  is  the  cost  of  its  reproduction  at  present  prices, 
minus  the  capitalized  difference  in  annual  cost  of  production  with  the 
existing  plant  and  with  the  most  modern  plant  which  would  give  the 
same  service,  plus  the  capitalized  value  of  the  profits  derivable  from 
the  plant  during  the  remainder  of  the  company's  franchise  or  charter. 
Briefly  stated,  this  "value"  is  depreciated  value  plus  franchise  or  going 
concern  value. 

Although  there  is  a  large  element  of  injustice  in  suddenly  dropping 
the  Competitive  Theory — a  theory  under  which  railways  have  so  long 
operated  and  under  which  so  many  stockholders  have  invested — the 
recent  history  of  public  regulation  makes  it  quite  clear  that  the  Agency 
Theory  is  destined  to  be  adopted.  In  the  transition  period,  however, 
we  shall  have  a  mixture  of  the  two  theories — a  sort  of  compromise 
theory. 

The  State  which  has  gone  furthest  toward  the  adoption  of  the 
Agency  Theory  is  Wisconsin.  We  find  the  Wisconsin  Commission,  for 
example,  including  the  "going  value"  or  development  cost  (equal  to 
the  residual  deficit  in  fair  return)  as  a  part  of  the  total  "value"  for 
rate-making  purposes.  Also,  it  refuses  to  allow  the  cost  of  pavement 
laid  over  water  pipes,  unless  the  water  company  itself  has  paid  for  the 
pavement.  Likewise,  it  averages  unit  prices  over  a  term  of  years,  and, 
where  construction  has  been  piecemeal,  it  uses  piecemeal  costs.  Each 
of  these  four  rulings  is  directly  in  accord  with  the  Agency  Theory, 
and  directly  opposed  to  rulings  by  some  Commissions  and  Courts  in 
other  States  where  the  Competitive  Theory  may  be  said  to  prevail. 

Mr.  Wilgus  gives  powerful  reasons  favoring  the  use  of  cost  of  re- 
production new  as  the  "value"  for  rate-making  purix)ses.     The  recent 
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(Iii'isioii  oi  the  U.  S.  Supreme  Court  in  tlie  Minnesota  K;ite  Case  is  Mr. 
adverse  to  this  contention.  The  Court  rules  that  tlepreeiated  value 
must  be  taken  as  the  "value"  for  rate-making:.  Unfortunately,  the 
!;iil\vay>  involved  in  tlie  Minnesota  Kate  Case  presented  tiieir  side 
-o  poorly  tiiat  tlie  Court  did  not  have  either  adequate  evidence  or  well- 
prepared  aryunient  on  many  vital  points.  Thus,  there  was  no  evi- 
di'uee  as  to  the  development  cost  of  the  railways.  Again,  depreciation 
was  calculated  by  the  State's  eng-ineer  according  to  the  "straight-line 
formula",  and  tlie  railways  did  nt)t  have  the  acumen  to  put  ''the  boot 
on  the  other  foot"  by  demanding  that  an  annual  depreciation  fund  be 
calculated  on  the  same  basis.  Had  this  been  done,  it  would  lunc  been 
shown  to  the  Court  that  the  current  maintenance  expenditures  were  not 
sufficient  to  cover  both  the  repairs  of  parts  and  the  depreciation  of 
entire  plant  units.  Several  other  important  errors  were  made  h\  the 
railways  in  presenting  their  case,  but  these  two  are  mentioned  merely 
to  indicate  that  the  precedents  establishefl  in  the  Minnesota  Rate  Case 
should  not  be  taken  as  final  by  aiiy  means. 

The  author  is  entirely  right  in  saying  that  depreciated  value  is 
not  a  rational  basis  for  rate-making.  Under  the  Agency  Theory,  a 
new  public  utility  company  starting  to-day  would  be  entitled  to  a 
fair  return  on  its  actual  investment,  and  it  would  lead  to  "confusion 
worse  confounded"  were  a  part  of  that  investment  "written  off"  each 
year  because  of  depreciation.  The  thing  could  be  done,  but  no  useful 
purpose  would  be  served  by  doing  it,  while,  on  the  contrary,  rates  of 
eharge  for  service  would  fluctuate  with  an  ever-changing  depreciated 
value.  There  is  a  good  deal  of  "horse-sense"  in  the  illustration  used 
by  an  attorney  who  argued  that  the  price  of  milk  is  not  a  function 
of  the  age  of  the  cow,  growing  less  as  the  cow  grows  older,  until  it 
Would  be  almost  given  away  in  the  latter  days  of  the  cow's  life.  What 
the  jirovident  owner  of  a  cow  does  is  to  charge  a  price  for  milk  which 
will  give  a  fair  return  on  the  investment  (not  on  the  depreciated 
\alue)  plus  enough  to  cover  "operating  expenses",  including  deprecia- 
tion. Should  the  cow  be  purchased  by  another  dairs'uian,  it  is  true 
that  he  would  pay  for  it  on  a  depreciated  basis,  but  the  depreciated 
value  would  be  such  that,  during  the  remainder  of  its  life,  the  same 
l)rice  for  milk  would  yield  botli  a  fair  return  on  the  lower  price  jiaid 
for  the  cow  and  enough  to  cover  "operating  expenses",  including  the 
remaining  dei)reciation. 

The  Agency  Theory  applied  to  new  railways  will  unquestionably  lead 
to  the  use  of  the  actual  cost  of  the  property  as  the  rate-making  basis, 
for  it  is  not  rational  to  burden  the  present,  in  order  to  relieve  the  future, 
patrons  of  the  road,  as  would  occur  if  depreciation  were  "written  off" 
and  rates  were  based  on  depreciated  value.  But  what  shall  be  said 
of  the  api)lication  of  the  Agency  Tlu^jry  to  old   railways  which   now. 


Gillette 
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Mr.  for  the  first  time,  come  under  the  actual  application  of  this  theory  ? 
The  writer  believes  that  justice  demands  the  most  liberal  treatment 
of  public  utilities,  particularly  in  this  transition  period.  Certainly, 
it  is  not  liberal  to  appraise  for  rate-making  any  of  the  property  of  a 
railway  at  less  than  its  cost  new.  Moreover,  to  use  the  depreciated 
value  for  old  roads  would  be  to  apply  a  policy  that  would  not  be  applied 
to  new  roads,  in  rate-making.  Of  course,  it  may  be  contended  that  the 
owners  may  thus  be  paid  twice  for  accrued  depreciation,  because  they 
have  already  taken  out  in  dividends  enough  to  yield  a  fair  return  plus 
enough  to  cover  the  accrued  depreciation.  Even  were  this  so,  we  should 
not  lose  sight  of  the  fact  that  the  present  owners  were  not  the  original 
owners;  and  they  had  no  way  of  foreseeing  the  advent  of  this  new 
theory — the  Agency  Theory.  The  writer,  however,  is  confident  that  a 
careful  analysis  of  the  ledgers  of  all  railway  companies,  as  far  back 
as  accounting  records  are  obtainable,  will  disclose  that  the  residual  de- 
velopment cost  is  sufficient  to  wipe  out  all  accrued  depreciation,  and 
more  too.  Development  cost  is  not,  as  commonly  supposed,  a  matter 
of  ancient  history;  for  the  truth  is  that  almost  every  extension  of  a 
railway  involves  development  cost  (deficit  in  fair  return).  No  sooner 
has  the  average  railway  "nosed  out"  of  its  development  period  than 
it  makes  an  addition  or  improvement  which  plimges  it  into  another 
development  period,  the  surplus  from  the  old  investment  being  swal- 
lowed by  the  deficits  of  the  new.  Can  there  be  any  doubt,  for  example, 
that  the  great,  new  terminal  of  the  Pennsylvania  Railroad,  in  New 
York  City,  is  a  cause  of  deficit  at  present,  in  so  far  as  that  terminal 
is  concerned? 

This  matter  of  development  cost  leads  to  another  phase  of  the 
subject  of  appraisals.     Mr.  Wilgus  says : 

"With  rare  exceptions,  it  is  extremely  doubtful  that  the  books  and 
records  of  the  railroads  of  the  United  States  will  be  found  to  be  de- 
pendable for  the  purpose  of  ascertaining  present-day  fair  values.  Only 
in  recent  years  hare  cost  accounts  been  kept  in  a  uniform  and  com- 
plete manner,  and  even  then  the  almost  universal  tendency  has  been 
to  understate  charges  to  construction,  and  to  additions  and  betterments." 

The  writer  does  not  agree  with  the  author,  either  that  correct  rail- 
way accounting  is  of  recent  origin  or  that  the  records  are  not  depend- 
able as  a  guide  for  appraisal  purposes.  He  recognizes  that  old  records 
are  not  always  complete,  but  the  gaps  are  surjirisingly  few  in  most 
cases,  and  not  difficult  to  fill  by  estimates  which  cannot  possibly  alter 
the  totals  by  very  appreciable  amounts.  The  railways  of  America  would 
err  seriously  were  they  not  to  conduct  the  most  thorough  analysis  of 
ail  their  old  records.  Their  first  great  error  would  be  their  failure  to 
demonstrate  what  their  development  costs  have  been.  Development  cost 
(that  is,  deficit  in  fair  return)   cannot  be  proved  satisfactorily  except 
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from  atvoiintiiig  ret'ortls.  Their  second  great  error  would  occur  through  Mr. 
failure  tt>  find  all  the  elements  of  physical  value  created  by  necessary 
expenditures?  which  cannot  be  seen  with  the  eye.  This,  it  may  be  said, 
can  be  covered  by  ade<iuate  allowance  for  "contingencies";  but,  who 
knows  what  i.-<  ade(iuate?  The  writer  had  occasion  to  appraise  a  large 
property  which  had  been  previously  appraised  by  an  engineer  who  had 
added  10%  for  contingencies,  but  whose  appraisal  still  fell  short,  by 
20%,  of  the  actual  cost  of  the  property.  Failure  to  hunt  for  and 
analyze  the  accounting  records  was  at  the  bottom  of  this  serious  under- 
estimate. The  company  was  a  consolidation  of  more  than  a  dozen 
smaller  companies,  and  the  earliest  accounting  records  were  nearly 
25  years  old.  Were  the  earliest  of  these  records  valueless  in  a  present- 
day  appraisal?  Some,  it  is  true,  were  of  minor  worth,  but  they  covered 
minor  elements  of  value.  Nearly  all  the  records  served  to  throw  light 
on  elements  of  present-day  value  which,  otherwise,  would  not  have  been 
discovered. 

In  this  connection,  it  may  be  added  that  the  maintenance  records 
should  also  be  analyzed,  for  it  is  true,  as  the  author  says,  that  perfectly 
correct  accounting  has  not  invariably  existed.  Minor  expenditures, 
which  should  have  been  charged  to  property  account,  have  not  infre- 
quently been  charged  to  maintenance,  and  the  sum  of  these  minor 
expenditures  thus  charged  may  be  quite  considerable.  Conversely, 
abandoned  or  superseded  property  has  not  always  been  charged  to  main- 
tenance, but  occasionally  has  remained  in  the  property  account.  This 
is  particularly  true  of  abandoned  railway  roadbed.  A  careful  analysis 
of  the  construction  and  maintenance  accounts,  guided  by  the  appraisal 
of  physical  property  now  visible,  will  result  invariably  in  the  discovery 
of  values  which  otherwise  would  not  appear  in  the  appraisal.  Not 
only  wiU  additional  quantities  be  thus  found,  but  larger  unit  prices 
will  be  deduced ;  and  in  this  connection  it  may  be  well  to  add  that 
unit  prices  should  not  be  those  obtained  under  rather  favorable  con- 
ditions, hut  under  average  conditions.  A  favorable  condition,  for  ex- 
ample, would  be  ''summer  work''.  Winter  work  is  an  unfavorable  con- 
dition, but  one  wliich  is  often  imperative  in  railway  construction,  in 
order  to  keep  down  the  interest  and  development  cost.  The  history  of 
the  Northern  Pacific  extension  to  the  Pacific  Coast  shows  that  at  times 
almost  as  many  men  were  engaged  in  shoveling  snow  as  in  shoveling 
earth.  It  was  such  conditions  as  this,  coupled  with  other  unforeseen 
•  lifficulties,  and  followed  by  a  much  greater  development  cost  (deficit 
in  fair  return)  than  was  anticipated,  which  threw  the  Northern  Pacific 
into  bankruptcy  not  long  after  its  completion  to  the  Pacific  Coast. 

In  recent  appraisals  made  by  the  writer,  it  has  been  his  practice 
to  allow  5%  for  contingencies  where  the  construction  ledgers  were  all 
available,  but  where  the  original   records  of  physical  quantities  were 
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Mr.  rather  meager.  If  both  ledgers  and  engineering  records  of  quantities 
^  ^'  are  fairly  complete,  the  allowance  for  contingencies  may  safely  be  elimi- 
nated, provided  liberal  unit  prices  are  used.  It  should  be  remembered 
that  a  contingency  factor  is  automatically  introduced  whenever  liberal 
prices  are  adopted. 

Reg'arding  brokerage  fee,  the  writer  agrees  with  the  author  in  its 
inclusion  as  a  part  of  the  cost ;  but,  of  course,  the  same  end  may  be 
obtained  if  the  rate  of  fair  return  is  made  high  enough  to  allow  for 
all  the  discount  on  bonds,  including  the  brokerage  fee.  This  last  view 
was  that  taken  by  the  Washington  Railroad  Commission  when  the 
writer  was  its  chief  eng-ineer,  and  it  is  the  view  now  taken  by  most 
of  the  State  commissions. 

Interest  during  construction  should  certainly  be  calculatetl  on  all 
land  as  well  as  on  other  physical  property.  The  writer  was  not  in 
direct  charge  of  the  appraisal  of  the  land  for  the  Washington  Railroad 
Commission,  and,  therefore,  did  not  calculate  any  of  the  overhead 
charges  on  it.  In  fact,  no  overhead  charges  on  the  land  appear  in  the 
final  land  values  fixed  by  the  Commission.  It  is  possible  that  overhead 
costs  on  land  were  omitted,  or  else  that  they  were  included  in  the 
"right-of-way  multiples''.  The  writer  calls  attention  to  this  particular 
case  for  two  reasons:  First,  because  he  believes  it  to  be  a  mistake  not 
to  put  the  entire  appraisal  of  all  railway  property  under  the  direction 
of  the  engineer  in  charge.  Second,  because  the  writer's  total  overheat! 
charges  on  the  plant,  exclusive  of  land,  have  often  been  divided  by  the 
sum  total  of  plant,  inclusive  of  land,  giving  an  erroneous  result  when 
taken  to  indicate  the  total  percentage  allowed  by  him  for  overhead 
charges.  The  author  of  one  book  on  appraisals  and  many  writers  of 
articles  have  unwittingly  been  led  into  this  error. 

This  is  not  the  only  kind  of  error  which  has  been  committed  by 
writers  in  comparing  the  percentages  for  overhead  costs  allowed  by 
different  appraisers.  For  example,  one  appraiser  may  estimate  5% 
for  business  management,  and  another  would  include  this  item  in  the 
unit  ]irice  and,  therefore,  not  show  business  management  as  a  separate 
overhead  cost.  Many  railway  construction  contracts  have  been  entered 
into  with  a  managerial  contractor  on  a  "cost  plus  5%"  basis.  The 
recorded  contract  prices  are  then  sub-contract  prices.  An  appraiser 
may  either  use  these  sub-contract  prices  and  subsequently  add  5%  as 
a  business  management  item  among  other  overhead  costs,  or  he  may 
increase  all  the  sub-contract  prices  by  5%,  calling  them  contract  prices, 
and  show  nothing  separately  for  this  business  management.  One  needs 
to  know  the  method  used  by  an  appraiser  in  arriving  at  his  unit  prices 
before  one  can  interijret  correctly  his  estimates  of  overhead  costs.  Not 
a  few  appraisers  "bury"  may  of  the  overhead  costs,  leaving  but  a  part 
to  appear  specifically  as  such  in  the  final  summary.     The  present  prac- 
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tice  of  the  writer  is  to  show  all  overhead  costs  separately.     They  com-      Mr. 
monly  total  fully  25%  of  the  cost  of  the  "unloaded"  property. 

As  previously  stated,  the  Washinpfton  Railroad  Commission  restricted 
its  engrinoer  to  a  consideration  of  plant  value  only,  exclusive  of  land. 
I  [once,  working  cash  capital,  brokerage  fee,  and  development  cost  did 
not  appear  among  the  items  estimated  by  the  writer.  The  Commission 
listened  to  more  or  less  testimony  by  the  railways  on  "going  concern 
value'',  etc.,  but  announced  its  conclusions  without  stating  any  definite 
theory  as  to  non-physical  values.  This  failure  to  delegate  to  its  engineer 
I  he  study  of  all  elements  of  value  is  one  which  the  writer  regrets  ex- 
ceedingly. The  railways  were  equally  mistaken  in  thinking  that  a  de- 
termination of  non-physical  value  was  not  an  engineering  problem; 
consequently,  they  did  not  make  a  satisfactory  presentation  of  their 
<'aso  as  to  non-physical  values.  In  all  subsequent  appraisals,  the  writer 
has  insisted  on  having  full  charge  of  the  entire  appraisal,  including 
iletermination  of  development  cost,  land  values,  analysis  of  accoimting 
reeord.s,  etc.  Some  one  with  technical  training  should  always  be  placed 
in  full  control  of  any  appraisal  which  is  to  be  used  as  a  basis  for 
rate-making.  Tf  an  example  were  needed  to  illustrate  this  point,  it 
fould  Ix?  found  in  the  ^Minnesota  Rate  Case,  where  the  railway  com- 
panies erred  so  seriously  through  not  having  the  entire  technical  part 
of  their  case  directed  by  engineers.  The  natural  tendency  of  a  railway 
f'ompany  is  to  ask  each  department  to  prepare  its  part  of  the  data,  and 
the  re.snlt  is  a  more  or  less  confused  mass  of  facts — often  facts  which 
conflict  because  of  their  incompleteness  or  because  of  the  incorrect  use  • 
of  terms.  In  the  Minnesota  Rate  Case,  both  "right-of-way  multiples" 
and  "overhead  charges"  on  land  were  thrown  out  by  the  U.  S.  Supreme 
Court.  The  inconsistent  use  of  words  and  lack  of  proper  definitions 
of  t.erms  account  as  much  as  an%i:hing  for  this  erroneous  ruling,  for 
the  Court  was  attempting  to  use  symbols  which  it  did  not  fully  under- 
stand, and  did  not  understand  because  they  were  not  clearly  and  prop- 
erly defined  by  any  witness. 

It  would  seem  that  attorneys  would  always  see  to  it  that  at  least 
the  definitions  of  technical  terms  would  be  precise,  and  that  witnesses 
would  adhere  to  such  definitions;  but  attorneys  themselves  are  often 
lost  when  it  comes  to  the  use  of  engineering  and  other  technical  lan- 
guage; so  that,  if  a  technical  rate  case  is  to  be  presented  properly  to 
a  commission  or  a  Court,  it  should  be  presented  by  engineers  and  by 
those  who  have  been  taught  by  engineers  to  use  technical  terms  prop- 
erly and  always  with  the  same  significance. 

When  railway  appraisals  first  came  to  be  used  as  a  basis  for  rate 
regulation,  all,  except  engineers,  regarded  an  api)raisal  as  being  some- 
what analogous  to  a  merchant's  inventory  of  stock  on  hand — a  vei-y 
simple,  though  often  laborious,  process.     Gradually  it  Iut^  beeoine  evi- 
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Mr  dent,  even  to  non-technical  men,  that  an  appraisal  for  rate-making 
"  purposes  is  exceedingly  technical  and  complex.  When  it  is  realized, 
also,  that  rate-making  based  on  cost  is  even  more  technical  than  ap- 
praising a  property,  we  shall  have  an  end  to  the  "hot  air"  testimony 
of  rate  experts  who  are  experts  only  in  fixing  rates  "as  high  as  the  traffic 
will  bear." 

Appraisal  and  rate  engineering  has  already  become  one  of  the  many 
branches  of  engineering.  The  engineering  specialist  in  this  line  should 
be  primarily  a  logician,  skilled  in  the  use  of  language  and  in  the  science 
of  reasoning.  He  should  be  thoroughly  acquainted  with  the  general 
principles  of  economics  and  particularly  with  the  principles  of  engineer- 
ing economics.  He  should  be  well  informed  as  to  the  decisions  of 
State  and  Federal  rate-regulating  commissions,  as  well  as  Court  de- 
cisions bearing  on  valuations  and  rates.  He  should  be  personally 
acquainted  with  specialists  in  many  lines,  so  that  he  may  select  men 
competent  to  give  any  desired  information.  He  should  be  thoroughly 
grounded,  not  only  in  the  principles  of  accounting,  but  in  the  mechani- 
cal details  of  public  utility  accounting.  He  should  be  an  incessant 
student  of  the  new  phases  of  his  specialty  and  of  unit  costs  of  con- 
struction and  operation.  Executive  ability  is  also  essential  to  him,  but 
need  not  be  of  as  high  an  order  as  that  required  of  one  who  is  con- 
stantly directing  large  enterprises.  It  is  needless,  perhaps,  to  add 
that  his  character  should  be  such  that  he  would  make  an  impartial 
judge.  Obviously,  no  man  can  attain  the  ideal  in  this,  or  in  any  other, 
branch  of  engineering;  but,  at  least,  those  who  employ  appraisal  and 
rate  engineers  should  aim  to  secure  men  who  are  idealists  rather  than 
opportunists,  for  this  is  not  a  profession  where  mere  advocates  will 
survive. 

Mr.  J.  E.  WiLLOUGHBY,  M.  Am.  Soc.  C.  E.   (bv  letter). — The  writer  is 

Wil-       .  .  ...  . 

loughby.  Jii  accord  with  Mr.  Wilgus  in  his  conclusion  "that  the  cost  of  repro- 
duction new  appears  to  be  the  only  measure  of  physical  value  that 
places  all  railroads  on  the  same  plane,  and  the  only  one  that  provides 
for  the  inclusion  of  every  element  of  cost  that  enters  into  the  creation 
of  a  going  railroad,"  but  cannot  agree  that  he  has  taken  the  correct 
view  of  depreciation. 

It  is  true  that  in  a  well-maintained  railroad  the  accrued  deprecia- 
tion in  track  and  structures  does  not  lessen  its  capacity  as  a  carrier 
to  perform  the  work  for  which  it  was  created,  nevertheless,  the  mone- 
tary value  of  a  railroad  with  track  and  structures  representing  55% 
of  the  service  that  would  be  obtained  from  a  railroad  with  all  its  parts 
new  (all  other  conditions  being  unchanged),  is  less  by  the  amount 
of  the  depreciation.  Of  the  capital  originally  placed  in  the  track  and 
structures,  45%  has  been  consumed.  The  replacement  of  this  capital 
can  be  effected  practically  only  by  the  creation  of  a  depreciation  ac- 
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ccuintiiifi'  with  a  credit  wliii-h  at  all  times  will  be  equal  to  the  accrued       Mr. 
.  ...  Wil- 

depreciation.      The   depreciation    fund   is   properly    accumulated    from  loughby. 

year  to  year  as  an  oiierating  expense,  and  is  to  be  regarded  as  an  item 

of  value  (just  as  working  capital  is)  which  enters  into  the  total  value 

of  the  railway  property   whether  that   value  is  being  ascertained   for 

the  purposes   of  sale   or   of   rate-making.     The  value  of  the   physical 

features  of  any  railway  property  at  any  time  is: 

The  total  cost  of  reproduction  new,  less  the  accrued  depreciation 
on  those  parts  so  affected,  plus  the  accrued  appreciation  on  those  parts 
so  affected,  plus  the  amount  of  the  fund  provided  for  the  renewal  of 
the  part5  on  which  depreciation  has  accrued. 

In  many  of  the  existing  railways  a  depreciation  fund,  if  set  up 
now  in  the  accounting,  would  cause  to  be  shown  a  profit  and  loss  deficit 
which  would  properly  reflect  itself  in  a  deduction  from  the  market 
value  of  the  stocks.  The  meaning  would  be  that,  in  the  past  years 
of  the  railway's  operation,  a  definite  portion  of  the  capital  originally 
put  into  the  track  and  structures  has  been  consumed  instead  of  being 
charged  out  annually  as  an  operating  expense.  Certainly,  the  same 
arguments  which  caused  a  depreciation  accounting  to  be  set  up  for 
rolling  stock,  apply  to  the  track  and  structures. 

It  has  been  advocated  that  inasmuch  as  the  annual  repairs  and 
renewals,  a  part  of  the  annual  operating  expenses,  are  sufiicient  to  re- 
place the  amount  of  the  annual  depreciation,  a  depreciation  accounting 
is  useless.  Such  a  view  ignores  the  capital  consumed  during  the  early 
years  of  the  railroad's  operation,  when  the  annual  repairs  and  renewals 
did  not  replace  the  annual  depreciation. 

There  is  unanimity  of  opinion  that  the  accrued  appreciation  in 
the  roadway  and  right  of  way  should  be  taken  into  consideration  in 
fixing  the  cost  of  reproduction  new.  When  that  is  done,  it  is  proper 
to  consider  also  the  depreciation. 

The  writer  believes  that  obsolescence  should  be  considered  as  a 
form  of  depreciation,  because  depreciation,  in  the  sense  used  in  con- 
nection with  the  re-valuation  work,  covers  any  deterioration  of  the 
part  affected  from  any  cause  by  which  that  part  has  a  less  capacity 
to  perform  the  work  for  which  it  was  created. 

S.  WiiLNERV.  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  refers  to  Mr. 
tlie  widely  different  opinions  and  practices  of  engineers,  appraisers,  i^^^y- 
and  the  Courts  in  the  valuation  of  land  used  for  right-of-way  and  other 
railroad  purposes.  Such  differences  are  doubtless  largely  due  to  the 
fact  that  the  purpose  for  which  an  appraisal  is  made  controls  the 
jidint  of  view  to  a  greater  extent  than  in  any  other  class  of  railroad 
property.  This  fact  seems  not  to  have  been  generally  recognized  and 
given  proi)er  weight  in  appraisals  and  in  discussions  of  the  subject, 
jiarticularly  by  the  public. 
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.  Mr.  The  importance  of  the  fact  that  the  pui-pose  for  which  an  appraisal 

is  made  must  control  the  methods  and  values  used,  was  early  impressed 
on  the  Commission  appointed  in  1909  to  re-appraise  the  i-ailroads  and 
canals  of  the  State  of  New  Jersey. 

The  Joint  Resolution  under  which  the  work  was  undertaken,  re- 
quired that  the  Commission  should  prepare  and  report  a  "true  and 
complete  inventory  and  appraisal  of  the  true  value"  of  the  railroad 
and  canal  property  of  the  State,  and,  further,  though  rather  inciden- 
tally, stipulated  that  the  valuation  "shall  be  in  a  form  available  for  the 
purpose  of  taxation  under  existing  laws". 

In  their  first  (progress)  report,  the  Commissioners  stated : 

"It  is  not  positively  stated  in  the  Joint  Resolution  that  the  valuation 
is  to  be  solely  for  taxation  purposes.  A  true  and  complete  inventory 
and  appraisal  of  value  seems  to  be  called  for  regardless  of  the  purpose 
for  which  the  valuation  is  made.  But  the  term  'True  Value'  is  not 
definite,  since  the  value  of  any  property  varies  with  the  standard  of 
value  applied  and  the  point  of  view  from  which  it  is  judged.  From 
the  very  nature  of  railroad  propert.v  and  the  manner  in  which  it  is  held 
its  market  value,  in  the  sense  in  which  that  term  is  applied  to  other 
property,  is  difficult  to  determine.  The  commercial  value  of  a  railroad 
is  visually  determined  by  its  net  earnings  and  the  returns  made  to  its 
owners,  quite  independent  of  its  cost  or  of  the  value  of  the  property 
it  possesses.  Frequently  there  appears  to  be  no  close  relation  between 
the  cost  of  a  railroad  and  its  commercial  value.  Valuations  for  the 
inirpose  of  fixing  rates,  or  for  determining  proper  rental,  or  terms  for 
joint  running  operation  may  also  be  quite  apart  from  the  commercial  or 
the  intrinsic'  value.  The  value  of  the  franchises  and  the  other  intangible 
])roperty  of  a  railroad  may  be  differently  appraised  according  to  the  pur- 
pose of,  or  the  point  of  view  from  which  the  appraisement  is  made. 
Finally,  the  value  of  this  class  of  property  for  taxation  purposes  may 
be  quite  different  from  any  of  those  named  above.  It  seems,  therefore, 
impracticable  to  apply  any  single  valuation  of  the  railroad  and  canal 
property  of  the  State  to  moi'c  than  one  specific  use,  and  if  this  be 
true,  it  follows  that  the  pur]iose  of  the  valuation  shoiild  be  determined 
upon  before  an  appraisal  is  made. 

"In  view  of  all  these  conditions,  and  after  a  careful  consideration 
of  the  Joint  Resolution,  and  in  view  of  the  necessity  of  establishing 
the  particular  kind  of  value  we  are  called  upon  to  determine,  your 
Board  has  thought  it  best  to  appraise  the  various  railroad  and  canal 
properties  from  the  viewi:)oint  of  the  use  of  the  appraisal  mainly  for 
the  purposes  of  taxation." 

From  the  wording  of  the  Resolution,  it  may  fairly  be  inferred  that 
although  the  members  of  the  Legislature  had  in  mind  the  use  of  the 
valuation  chiefly  for  purposes  of  taxation,  they  were  under  the  im- 
pression that  the  phrase,  "a  true  and  complete  inventory  and  appraisal 
of  the  true  value  of  railroad  property",  could  be  applied  to  any  purpose 
for  which  the  value  of  the  railroad  and  canal  property  of  the  State 
might  be  needed. 
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There  is  ahuiniaiit  evidence  that  the  same  idea  is  held  hy  a  majority       Mr. 
of  the  public,  iiuludiug  members  of  legislatures  and  of  Congress.     It      ""*'>■ 
is  important  for  manj'  reasons  that  the  public  mind  should  be  disabused 
of  such  erroneous  conceptions,  and  it  should  be  one  aim  of  pul)lic  dis- 
cussions of  the  subject  to  educate  the  public  on  this  point. 

In  fact,  there  is  great  need  that  the  public  should  be  educated  on 
the  whole  subject  of  the  valuation  of  quasi-public  property,  and  for 
this  reason  it  would  be  well  that  technical  discussions  of  the  subject 
should  be  sufficiently  elementary,  and  couched  in  such  language  that 
any  intelligent  citizen  could  read  them  understandingly ;  and  that  a 
greater  I'tTort  sliould  be  made  to  give  these  discussions  as  much  publicity 
as  possible. 

The  question  of  the  proper  valuation  of  railroad  real  estate  is  com- 
plicated and  made  more  difficult  by  the  widely  varying  elements  which 
enter  into  the  original  cost  of  the  property  and  the  conditions  under 
which  it  was  acquired  and  is  held  by  the  railroads.  These  elements 
are  of  such  character  and  of  such  magnitude  that  the  ordinary  stand- 
ards of  fair  market  price  are  usually  only  partly  applicable  in  deter- 
mining the  value  of  the  right  of  way,  either  at  the  time  it  is  acquired 
or  later.  Even  where  the  cast  of  the  property  to  the  railroad  is  ascer- 
tainable, it  is  not  always  a  correct  basis  of  valuation  for  some  of 
the  purposes  for  which  an  appraisal  may  be  required. 

In  discussing  the  subject,  it  is  the  purpose  of  the  writer  to  deal 
chiefly  with  broad  general  principles,  but  to  consider  these  somewhat 
more  in  detail  than  has  been  usual,  and  to  review  the  various  elements 
of  cost  and  value  that  enter  into  an  appraisal,  for  any  specific  purpose, 
of  right-of-way  land.  It  seems  to  be  necessary,  in  the  interest  of  clear 
statement  and  argument,  to  recount  facts  and  principles  which  are 
neither  new  nor  novel,  and  the  discussion,  therefore,  may  be  somewhat 
tedious  to  the  reader.  The  writer  will  attempt  to  deal  with  the  matter 
from  what  he  conceives  to  be  a  .sound  and  reasonable  business  st^nd- 
linint.  with  little  reference  to  statutes  and  Court  decisions,  which  may 
vary  in  different  States.  In  any  specific  case,  the  laws  and  Court  rul- 
ings controlling  in  that  locality  must,  of  course,  be  complied  with, 
hut  soinid  principles  of  justice  and  equity  must  be  the  fundamental 
basis  of  all  ai)praisal  work. 

What  will  be  said  refers  more  particularly  to  right  of  way  proper, 
rather  than  to  lands  acquired  and  held  by  railroads  for  terminals  and 
other  improvements.  The  status  and  basis  of  valuation  of  these  latter 
may,  and  usually  do,  require  special  consideration  and  treatment. 

Right-of-way  land  is  held  by  the  railroads  under  one  of  two  forms 
of  tenure:  ownership  in  fee  simple,  or  some  form  of  easement.  In 
the  former,  absolute  title  to  the  property  is  conveyed  to  the  railroad; 
in  the  latter,  only  certain   rights  to  occui>y   and    use  the  property    f(ir 
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Mr.  a  specified  time  or  purpose  are  acquired.  The  distinction  is  clear 
'°®''>-  enough  in  theoiy,  but  not  always  in  practice.  A  conveyance  in  fee 
simple  may  contain  conditions,  as  a  part  of  the  consideration,  which 
may  cause  the  property  to  revert  to  the  grantor,  or  which  may  be  a 
continual  menace  to  the  title  to  the  extent  that  it  amounts  to  little  more 
than  an  easement;  and  an  unconditioned,  perpetual  easement  may 
be  equivalent,  for  practical  purposes,  to  ovsniership  in  fee  simple.  The 
tenure  under  which  the  land  is  held  by  the  railroad,  therefore,  is  a 
matter  to  be  given  due  weight  in  its  appraisal;  but,  for  the  purposes 
of  outlining  general  principles  in  this  discussion,  it  will  be  sufficient 
to  consider  only  right-of-way  land  owned  in  fee  simple  by  the  railroad. 
Into  the  consideration,  or  price  paid  for  a  typical  right  of  way, 
however  that  price  may  be  detei'mined,  three  principal  elements 
usually  enter : 

1.  The  fair  market  value  of  the  land. 

2.  Permanent    damages    to    the    remaining    property    from    which 

the  right  of  way   is  severed. 

3.  Temporary  damages. 

To  the  sum  of  these  items  must  be  added,  to  find  the  actual  cost  to 
the  railroad: 

4.  Expenses  incidental   to  the  acquirement  of  the  property. 
Permanent    damages    are    such   as   pennanently    impair    the    value 

of  the  property,  a  part  of  which  is  taken,  for  the  uses  to  which  it  is, 
at  the  time  of  the  transaction  or  may  be  in  the  future,  devoted. 
The  cutting  of  a  farm  into  two  parts,  separated  by  a  railroad,  involv- 
ing permanent  inconvenience,  danger,  and  increased  cost  of  improve- 
ments and  of  operation,  interference  with  drainage,  or  with  satis- 
factory sub-division,  is  an  illustration  of  permanent  damage.  Tempo- 
rary damages  are  such  as  entail  the  expenditure  of  money  or  cause 
temporary  inconvenience  and  loss,  but  do  not  of  themselves  impair 
the  present  or  future  fair  market  value  of  the  remaining  property. 
The  cost  of  moving  a  building  located  on  the  right  of  way  to  a 
new  site  where  its  value,  convenience,  and  usefulness  to  the  owner 
are  not  decreased,  or  the  cost  of  removing  or  rebuilding  fences  and 
other   improvements,    are   fair   illustrations   of   temporary   damages. 

While  these  elements  of  market  vaJue,  permanent  and  temporary 
damages,  may  not  be  itemized  separately  in  the  settlement  or  award, 
it  is  safe  to  say  that  they  enter  into  the  aggregate  consideration 
paid  for  nearly  every  right  of  way  acqviired.  The  necessity  for 
recognizing  and  distinguishing  between  them  in  some  appraisals  will 
appear  subsequently  in  this  discussion. 

The  fourth  element,  incidental  expenses  incurred  in  obtaining  a 
right  of  way  through  a  property,  is  as  truly  a  part  of  the  actual  cost 
to  the  railroad  as  the  nominal  price  paid  to  the  owner.     This  would 
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seem  to  be  such  an  obvious  fact  as  to  require  no  argument,  and  yet       >ir. 
it  has  been  denied  or  ignored  in  some  Court  decisions  and  in  a  num- 
ber of  appraisals  of  cost  of  reproduction.     It  includes  such  items  as 
cost  of  conferences  and  negotiations,  legal  services,  cost  of  condemna- 
tion proceedings,  etc. 

The  compensation  or  consideration  paid  for  a  right  of  way  is 
determined  either  by  mutual  agreement  or  by  the  award  of  a  the- 
oretically disinterested  body  of  men,  on  the  evidence  presented,  in 
the  judicial  procedure  known  as  condemnation.  In  case  of  settle- 
ment by  mutual  agreement  between  the  railroad  and  the  owner  of 
the  property,  the  amount  of  consideration  may  vary  nominally  from 
zero  (donation)  to  any  figure  which  the  railroad  may  be  willing  to 
pay  and  the  owner  to  accept.  The  compensation  thus  agreed  on, 
however,  cannot  always  be  taken  as  a  just  measure  of  the  cost  or 
value  of  the  property  transferred.  There  may  be  other  valid  consid- 
erations, which  may  or  may  not  be  named  in  the  deed,  but,  what- 
ever they  are,  they  do  not  affect  the  actual  value  and,  generally, 
not  the  ultimate  cost  of  the  property  to  the  railroad  or  its  appraisal 
value  for  some  purposes.  This  is  true  even  where  the  right  of  way 
is  donated.  If  one  friend  is  good  enough  to  donate  to  another  $1  000 
to  be  used  in  establishing  a  new  business,  and  the  money  is  thus 
used,  it  becomes,  legally  and  morally,  as  truly  a  part  of  the  latter's 
invested  capital  as  the  money  supplied  by  himself.  As  a  matter  of 
fact,  however,  a  donation  of  right  of  way  is  practically  almost  never 
a  donation  except  in  name.  The  so-called  donor  expects  to,  and 
usually  does,  in  some  way,  get  value  received,  and  the  railroad  pays 
a  price,  usually  in  the  form  of  supplying  service  for  a  time  at  a  loss, 
due  to  the  building  and  operating  of  its  road  in  advance  of  the  time 
when  the  developed  business  becomes  sufficient  to  yield  adequate 
returns.  It  may  safely  be  asserted  that  in  such  mutual  settlement 
a  fair  and  proper  consideration  passes,  directly  or  indirectly,  between 
the  grantee  and  grantor,  and  that  the  full  value  or  ordinary  cost  of 
the  donated  right  of  way  should  be  reckoned  as  a  part  of  the  money 
invested  in  the  road. 

On  the  other  hand,  if  the  railroad  agrees  or  is  compelled  to  pay 
an  exorbitant  price  for  the  right  of  way,  it  must  be  assumed,  unless 
fraud  or  gross  misconduct  can  be  shown,  that  the  money  so  paid 
represents  as  truly  a  part  of  the  legitimate  and  necessary  cost  of  the 
road  as  though  it  had  been  expended  for  rails  and  cross-ties.  This 
is  true  whether  the  sum  paid  was  a  reasonable  price  for  the  property 
or  included  excessive  actual  or  alleged  damages,  or  was  consented 
to  by  the  railroad  to  avoid  delay  or  litigation.  Where  the  right  of 
way  is  secured  by  condemnation,  the  theory  is,  and  the  fact  must 
be  assumed,  that  the  compensation  awarded  was  determined  by  a 
body  of  competent  and  disinterested  men  after  weighing  all  the  facts. 
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Mr.      iiud   that   the   sum   awarded   was   fair   and   just,   and   is,   therefore,    a 
A\  bmery.  pj.Qpgj.  charge  against  the  cost  of   the   road   and   a   like  credit  to   its 
capital  account. 

An  appraisal  of  the  value  of  the  physical  property  of  a  railroad 
may  be  undertaken  for  a  number  of  purposes,  among  which  may 
be  named : 

1.  To  ascertain    the    cost    of    the    railroad    for    the    purpose    of 

determining  the   reasonableness   of  its   capitalization; 

2.  To  ascertain  the  value  or  cost  of  the  railroad  property  as  an 

element  in  the  determination  of  proper  and  reasonable  rates; 

3.  To  determine  the  value  of  the  property  preliminary  to  a  pros- 

pective purchase  or  sale  of  the  railroad; 
i.  To   ascertain   the   value  of  the   railroad  property  for  the  pur- 
poses of  taxation. 

Confining  the  discussion  to  right  of  way  and  real  estate,  we  may 
consider  the  principles  and  practice  that  should  control  in  an  appraisal 
for  each  of  these  purposes,  or  cases. 

Case  1. — Appraisals  to  Determine  the  Reasonable n ess  of  Capitali- 
zation.— The  word  "capital''  is  variously  defined.  Applied  to  rail- 
roads, it  is  generally  understood  to  mean  the  amount  of  outstanding 
evidences  of  cost  or  debt  in  the  form  of  stock  and  bonds.  The  scien- 
tific as  well  as  the  ordinary  and  common-sense  definition,  however, 
is  that  capital  is  the  amount  of  money  permanently  invested  in  a 
business,  and  the  word  is  used  in  that  sense  in  this  discussion.  It  is 
a  reasonable  proposition  that  the  evidences  of  indebtedness  of  an 
enterprise — stocks  and  bonds — ishould  not  much  exceed  the  amount 
of  money  actually  invested  in  the  business,  which,  in  the  case  of  a 
railroad,  may  be  defined  as  the  amount  of  money  expended  originally 
in  its  organization,  financing,  construction,  and  equipment,  plus  the 
amounts  since  expended  in  additions  and  betterments,  plus  a  reason- 
able amount  of  free  money  required  for  conducting  the  business, 
commonly  called  working  capital;  and  the  object  of  an  appraisal, 
with  reference  to  capitalization,  is  to  determine  whether  such  equality 
exists. 

Frf)m  this  point  of  view,  tlie  question  of  capitalization  is  essen- 
tially one  for  the  accountant  rather  than  the  appraiser.  Under  usual 
or  normal  conditions,  neither  the  present  reproduction  cost  nor  the 
market  value  of  the  property  can  be  relied  on  to  disclose  the  amount 
of  capital  which  has  been  actually  and  legitimately  invested  in  the 
railroad.  Thus,  it  is  possible  to  conceive  of  two  roads  which,  to-day, 
are  identical  in  every  respect.  One  of  them,  however,  was  built  a 
generation  ago  and  the  other  quite  recently.  When  the  first  was 
built,  the  prices  of  construction  work  and  equipment  were  materially 
lower  than  when  the  second  was  built,  and  the  capitalization  of  the 
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latter  will  necessarily  be  correspondingly  higher.    It  would  he  obvi(jusly       Mr. 
unjust   to   assume,   because   their  property   now    inventories   the  same,       '"  '^" 
that  the  younger  road  is  over-ca[)italized. 

The  real  question  to  be  answered  is :  What  amount  of  money  has 
been,  antl,  therefore,  is  now,  actually  invested  in  the  property^  In 
other  words,  it  is  a  question  of  cost  and  not  of  present  value.  The 
principle  is  here  stated  in  its  broadest  terms,  and  certain  reservations 
must  be  kept  in  mind.  The  permanent  destruction  or  abandonment 
of  property,  the  payment  of  dividends  out  of  capital  or  out  of  earn- 
ings necessary  to  maintain  the  property  in  normal  condition,  and 
other  like  practices  which  are,  if  not  dishonest,  violations  of  sound 
business  principles,  may  impair  the  capital,  and  if  found  to  exist, 
must  be  taken  into  consideration.  On  the  other  hand,  the  retirement 
of  bonds  by  jjaying  them  oflF,  though  it  may  reduce  the  outstanding 
evidences  of  indebtedness,  conmionly  called  capitalization,  does  not 
decrease  the  actual  capital  or  money  invested  in  the  road. 

Unfortunately,  correct  and  adequate  accounts  of  expenditures 
chargeable  to  capital  account  from  the  beginning  are  usually  not 
available.  Either  they  are  wholly  absent  for  early  periods,  or  are  in- 
complete, or  have  not  been  kept  in  such  a  way  as  to  distinguish  clearly 
between  betterments  on  the  one  hand  and  maintenance  and  operation 
on  the  other,  and  it  is  impossible  to  determine  from  them  the  true 
investment  cost.  The  very  common  practice  of  charging  extensive 
betterments  to  cost  of  operation  or  maintenance,  which  has  prevailed 
to  a  large  extent  in  the  past,  is  a  pertinent  illustration  of  this  con- 
dition. 

In  the  absence  of  complete  and  trustworthy  accounts,  an  aiii)raisal 
of  the  property  may  be  resorted  to  as  the  best  way  to  ascertain  an 
approximate  estimate  of  the  amount  of  money  invested,  or.  in  other 
words,  the  reasonable  capitalization. 

If  the  principles  here  laid  down  are  sound,  it  must  be  obvious  that 
an  appraisal  for  this  purpose  should  aim  to  disclose  the  actual  cost  of 
the  property  and  not  its  present  reproductive  cost  or  marketable  value. 
An  inventory'  of  existing  property  is,  of  course,  necessary,  but  the 
unit  prices  applied  to  determine  aggregate  value  should  be  those  of 
original  cost  and  cost  of  betterments  at  the  time  they  were  made. 
Neither  depreciation  nor  appreciation  of  original  values  has  any  proper 
place  in  such  an  appraisal,  unless  it  appears  that  the  capital  has  been 
impaired  by  some  of  the  actions  or  causes  already  mentioned. 

The  depreciation  of  the  property  by  ordinary  causes  (excluding  those 
named  which  obviously  impair  the  capital)  does  not  decrease  the  amount 
of  money  invested,  nor  does  it  ordinarily  decrease  the  capacity  of  the 
property  for  rendering  service,  as  long  as  the  property  is  kept  in  reason- 
able operating  repair.     A   loeomotiv*'.  for   instance,  may  be  ten  years 
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Mr.  old,  and  yet  be  as  capable  of  efficient  and  economical  service  for  the 
inery.  ^^,yj.j^  required  of  it  as  when  it  was  new.  Even  when  so  worn  out 
as  to  be  incaj^able  of  satisfactory  service,  it  will  be  replaced  by  a  new 
one,  which,  if  purchased  at  the  same  price  as  the  old  one,  will  neither 
increase  nor  decrease  a  properly  kept  capital  account.  Nor  will  any 
depreciated  value  assigned  to  it  at  any  time  affect  the  amount  of  money 
invested,  on  which  interest  and  dividend  charges  must  be  paid. 

On  the  other  hand,  any  appreciation  of  the  value  of  a  property, 
by  causes  other  than  the  actual  investment  of  additional  capital,  does 
not  affect  the  capital  account.  It  is  a  so-called  unearned  increment 
which  properly  belongs  in  a  surplus  rather  than  a  capital  account.  Nor 
should  earning  capacity  represented  by  the  market  price  of  stocks 
or  bonds  be  given  any  weight. 

Applying  these  principles  to  the  appraisal  of  right  of  way  and  real 
estate,  it  follows  that  the  object  should  be  to  ascertain  and  use  values 
which  represent  the  actual  cost  of  the  property  to  the  railroad.  In  such 
an  estimate  of  the  value  of  right  of  way  all  the  elements  which  go 
to  make  up  the  total  cost,  fair  market  value,  permanent  and  temporary 
damages,  and  incidental  expenses,  should  be  reckoned  and  included. 
Practically,  this  may  ordinarily  be  accomplished  most  satisfactorily 
by  applying  a  properly  determined  ratio  or  multiplier  to  the  fair  local 
market  value  of  similar  land  at  the  time  the  property  was  acquired. 
Usually,  sufficient  records  of  actual  cases  will  be  available  to  establish, 
with  reasonably  close  approximation,  the  value  of  the  multiplier  to 
be  used.     This  matter  will  be  considered  more  at  length  under  Case  4. 

Case  2. — An  appraisal  made  for  the  purpose  of  establishing  or  regu- 
lating rates  should  be  governed  by  the  same  general  principles  and 
methods  as  one  made  to  determine  the  reasonableness  of  capitaliza- 
tion.   In  fact,  their  ultimate  object  and  uses  are  substantially  the  same. 

The  lowest  rates  which  a  railroad  may  reasonably  or  legally  be 
required  to  charge  are  such  as  will  repay  the  total  cost  of  the  service 
rendered,  including  interest  charges  and  a  fair  return  on  the  money 
invested,  as  any  lower  rates  would  be  confiscatory.  Interest  and  divi- 
dends are  a  part  of  that  total  cost,  and  as  they  are  functions  of  the 
capital  invested,  the  latter  must  be  known  in  order  to  determine  legiti- 
mate cost  and  to  frame  proper  rates. 

This  is  the  only  logical  theory  on  which  an  appraisal  of  physical 
l^roperty  can  be  called  for  or  utilized  as  a  basis  for  regulating  rates, 
and,  therefore,  an  appraisal  for  this  purpose  should  disclose  the  amount 
actually  invested,  as  in  Case  1.  This  applies  to  right  of  way  and  real 
estate  as  well  as  to  other  property. 

It  is  true  that  enhanced  value  of  real  estate  may  increase  the  amount 
of  taxes  assessed  against  and  collected  from  the  railroad  company; 
but,  in  the  usual  method  of  railroad  accounting,  taxes  paid  are  treated 
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as  an  item  of  expense  separate  from  and  independent  of  interest  and    _  Mr. 
dividends,  and  do  not,  therefore,  affect  the  capital  account. 

Case  3. — An  appraisal  made  for  the  purpose  of  determining  the 
value  of  railroad  property  in  a  contemplated  purchase  or  sale  will 
neceii.-iarily  differ  in  many  respects  from  one  made  for  the  purposes 
named  in  Cases  1  and  2,  and  the  character  of  the  appraisal  will  vary 
with  the  nature  and  circumstances  of  the  proposed  transaction.  When 
the  proposed  sale  is  by  mutual  agreement  between  parties  equally  dis- 
posed and  free  to  deal,  the  appraisal  is  es-sentially  equivalent  to  the 
ordinary  invoice  of  industrial  or  commercial  concerns.  In  other  words, 
its  purpose  is,  chiefly,  to  disclose  market  value.  Such  transactions  are 
mostly  between  private  parties,  do  not  concern  the  public,  and  need 
not  be  considered  here.  But  where  a  Government  elects  to  acquire 
property  by  the  exercise  of  its  power  of  eminent  domain  or  other  co- 
ercive processes,  regardless  of  the  owner's  desire  or  willingness  to  sell, 
the  situation  is  wholly  different.  If  the  owner  is  to  be  deprived  of 
his  property,  he  is  entitled  to  full  and  even  liberal  compensation  there- 
for. This  applies,  not  only  to  the  naked  value  of  the  physical  property, 
but  to  franchise  rights  and  other  intangible  values,  and  to  any  special 
physical  conditions  which  may  make  the  property  especially  remuner- 
ative. For  from  any  sound  business  standpoint,  present  and  prospec- 
tive earning  capacity  is  more  truly  a  measure  of  value  than  the  cost 
of  the  property  or  its  physical  value,  and  is  as  much  a  real  asset  as 
physical  value.  Therefore,  the  guiding  principle  in  an  appraisal  of  the 
property  should  be  to  ascertain  its  present  and  prospective  productive 
value,  of  which  original  cost  or  cost  of  production  will  be  only  one 
element. 

The  soundness  of  these  views  will  hardly  be  questioned  iii  the  case 
of  the  property  of  any  private  person  or  corporation  whose  title  to 
the  property  is  clear,  equitable,  legal,  and  untainted  by  fraud.  It  does 
not  matter  when  or  how  such  a  sound  title  was  acquired,  nor  whether 
the  property  would  be  of  equal,  or  in  fact,  of  any,  value  to  the  purchaser. 

In  the  case  of  railroads  and  other  quasi-public  corporations, 
created  and  existing  under  governmental  permission  or  franchise, 
liowever,  the  title  is  clouded  by  stated  or  implied  resers^ations  embodied 
in  the  franchises,  and  this  fact  must  be  taken  into  consideration. 

These  franchise  reservations,  it  is  true,  do  not  confer  any  rights 
to  ownership  or  title.  The  right  and  power  to  expropriate  the  prop- 
erty of  private  owners  without  their  consent  are  derived  from  a  differ- 
ent and  wholly  independent  source — ^the  doctrine  of  eminent  domain, 
which  may  be  exercised  in  any  case  for  the  public  good.  The  rights 
and  powers  of  Government  derived  from  franchise  grants  do  not 
usually  extend  beyond  a  certain  degree  of  control  or  regulation  for  the 
public  good.     It  is  claimed  by  the  legislative,  and  affirmed  by  judicial, 
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AVhinerv.  -it  ,  •  i  i-  •    •  •    c      , 

■  quasi-public  corporation  to  the  extent  oi  requiring  satisfactory  service 
for  reasonable  charges;  but  the  question,  what  are  reasonable  charges, 
is  still  an  open  one.  In  fact,  it  is  one  which  is  very  difficult  to  decide, 
not  only  in  a  general  way,  but  as  to  any  particular  case.  It  will  be 
conceded  by  nearly  all  fair-minded  people  that,  where  the  service  is 
inadequate  and  rates  are  not  only  oppressive  to  the  public  but  yield 
excessive  profits  to  the  owners,  it  is  not  only  the  right  but  the  duty 
of  the  Government  to  intervene  and  to  establish  relations  between 
the  two  which  will  be  fair  and  just,  with  due  regard  to  the  rights  of 
each.  It  seems  to  be  widely  held  that  reasonable  charges  are  only  such 
as  will  repay  the  cost  of  the  service  and  yield  a  fair  return  on  the 
capital  actually  invested;  and  fair  return  is  defined  to  mean  little  if 
any  more  that  the  prevailing  rate  of  interest.  This  theory  does  not 
recognize  intangible  property,  such  as  productive  value,  and,  if  <'ii- 
forced,  might  greatly  depreciate  any  value  of  the  property  based  un 
its  special  earning  capacity. 

The  combination,  in  the  hands  of  the  Government,  of  the  fran- 
chise right  to  control,  and  the  eminent  domain  power  to  expropriate, 
property,  unless  wisely  administered,  may  be  a  very  dangerous  one. 
If  a  quasi-public  enterprise  may  be  forced  to  extend  its  service  and 
redvice  its  rates  to  such  an  extent  as  to  cripple  its  earning  capacity 
and  thus  to  reduce  greatly  its  commercial  value,  and  the  Govern- 
ment may,  later,  seize  or  condemn  the  property  at  the  reduced  value 
created  by  its  own  acts,  the  result  may  be  as  truly  confiscatory  as  if 
physical  property  were  taken  without  compensation  to  the  owner.  It 
is  true  that  the  National  Constitution  prohibits  the  taking  of  private 
property  without  due  compensation ;  but  it  is  silent  on  the  question  as 
to  what  constitutes  due  compensation.  This  question  must  be  answered 
ultimately  by  the  Courts.  Thus  far  it  has  not  been  answered  conclu- 
sively and  fully  as  to  the  intangible  values  of  quasi-public  corpora- 
tions; and  until  it  shall  be  so  answered,  the  question  of  a  proper 
appraisal  of  such  properties  for  the  purpose  of  an  enforced  sale  can- 
not be  decided  definitely.  There  are  hopeful  indications  that  the 
broad  ground  may  be  taken  and  sustained  that  productive  value,  in 
whatever  form  it  maj-  be  found,  whether  physical  or  intangible,  shall 
be  given  proper  consideration   in  such  appraisals. 

In  the  present  unsettled  condition  of  many  questions  of  detail, 
it  is  most  important  that  an  appraisal  of  this  character  should  be 
thoroiighly  and  intelligently  considered  by  the  authority  ordering  it. 
and  that  definite  instructions  as  to  the  principles  which  shall  control 
it  be  given  to  the  appraiser,  who  must  then  be  wholly  governed  thereby. 

Assuming  that  the  owner  is  entitled  to  compensation  on  the  basis 
of  a  reasonable  regard  for  the  productive  value  or  earning  capacity 
of  his  property,   as   well   as  for  its  physical  value,   the  general   prin- 
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riplcs   (PutliiR'cl    iipi'lv    with    special    force   to   the  appraisal    of   right  of        Mr. 

Whinery. 
way. 

While  a  country  is  new  and  uiiiniproveH,  a  right  of  way  may  have 
been  acquired  at  a  very  small  cost.  Not  only  was  the  market  value 
of  the  land  very  low,  but  the  conditions  were  such  that  both  temporary 
and  permanent  damages  were  almost  negligible;  but,  to  secure  an 
equally  good  right  of  way  through  the  same  locality  after  the  lapse 
of  15  or  "JO  years,  when  the  country  has  become  thickly  settled  and 
costly  improvements  have  been  made,  would  be  a  difficult  matter 
involving  great  cost.  Not  only  will  the  market  value  of  the  naked 
land  have  greatly  increased,  but  numerous  and  costly  improvements 
will  be  encountered  which  will  warrant  heavy  damages.  In  such  a 
case  it  would  be  fair  to  say  that,  other  things  being  equal,  the  old 
existing  right  of  way  is  physically  worth  what  a  new  one  in  the  same 
vicinity  would  cost.  In  addition  to  tliis  physical  value,  the  existing 
right  of  way  may  possess  strategical  advantages  and  facilities  for 
doing  business  which  it  would  be  impossible  for  the  new  one  to 
acquire,  and,  if  so,  due  consideration  should  be  given  to  the  value 
of  these  elements.      .^ 

There  are  no  present  indications  that  either  the  National  or  the 
State  Governments  seriously  contemplate  the  purchase  of  the  rail- 
roads. Nevertheless,  it  is  well  to  call  early  attention  to  the  fact  that 
an  appraisal  for  some  other  j)ui*pose,  as  for  regulating  rates,  cannot 
justly  be  used,  for  determining  values  in  expropriation  of  the  prop- 
erties. 

Case  4- — ^Vhere  the  object  of  an  appraisal  is  to  determine  the 
value  of  railroad  property  for  the  purpose  of  assessing  ordinary  taxes, 
the  principles  and  practice  appropriate  will  differ  materially  from 
those  applying  to  the  other  cases  considered.  This  is  especially  true 
with  regard  to  right-of-way  land.  Unless  otherwise  provided  by  State 
statutes,  railway  land  is  subject  to  the  same  rate  of  taxation  as  other 
lands,  and  the  amount  of  taxes  assessed  depends  on  the  valuation  placed 
(in  the  land  by  the  assessors.  This  assessed  value  of  land  may  not  be, 
and  in  fact  usually  is  not,  the  same  as  the  market  value.  The  ratio 
between  the  two  values,  however,  is  presumed  to  be  applied  to  all 
lands  alike.  In  other  words',  the  assessed  value  for  taxation  is  rela- 
tive rather  than  actual.  An  appraisal  of  right-of-way  land  for  taxa- 
tion purposes,  therefore,  should  be  based  on  the  assessed  valuation 
itf  similar  land  adjoining  it  or  in  its  vicinity.  This  does  not  mean, 
however,  that  it  should  be  valued  at  the  same  unit  price  as  such 
adjoining  land,  but  rather  that  its  actual  value,  when  determined, 
should  be  multiplied  by  the  ratio  between  the  actual  and  assessed 
values  which  may  be  found  to  prevail  in  the  locality.  In  determin- 
ing value  for  taxation,  the  Courts  have  generally   made  it  plain  tliat 
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Mr.  neither  the  use  made  of,  nor  the  amount  of  benefit  or  profit  derived 
from,  the  land  may  be  considered. 

The  question  to  be  decided  is,  therefore:  What  is  the  value,  other 
things  being  equal,  of  right-of-way  land  as  compared  with  that  of 
other  land  in  its  vicinity? 

In  seeking  a  general  answer  to  this  question,  it  may  simplify  the 
discussion  to  use  for  illustration  a  hypothetical  case  which  is  fairly 
typical  of  a  majority  of  right-of-way  transactions. 

A  owns  a  farm  of  160  acres,  the  fair  and  reasonable  market  value 
of  which,  as  a  whole,  and  of  similar  land  in  the  vicinity,  is  adjudged 
to  be  $50  per  acre.  For  simplicity,  it  will  be  assumed  that  it  is  taxed 
on  this  full  value.  Through  this  farm  a  new  railroad  must  secure 
a  right  of  way,  100  ft.  wide,  requiring,  say,  6  acres.  The  conditions 
are  such  that  the  three  elements,  fair  market  value,  permanent  dam- 
ages, and  temporary  damages,  are  involved.  It  will  be  assumed  that 
the  parties  cannot  agree  on  the  amount  of  compensation  to  be  paid 
by  the  railroad,  and  that  the  right  of  way  is  condemned  by  a  com- 
mission of  disinterested,  competent,  and  fair-minded  men,  who  exer- 
cise their  best  judgment,  after  informing  fhemselves  of  all  the  facts. 
They  find  and  report  that  the  market  value  of  the  land  is  $60  per 
acre,  that  the  permanent  damage  is  $600,  and  that  the  temiwrary 
damage  is  $140,  making  in  all,  $1 100.  The  question  at  once  arises, 
why  do  they  estimate  the  value  of  the  6  acres  taken,  at  a  higher  price 
per  acre  than  the  admitted  fair  price  for  the  whole  farm;  and  is 
that  action  justified'^  It  may  be  replied,  that  though  it  may  be  true 
that  the  severed  land  is  intrinsically  no  more  valuable  than  that 
which  remains,  common  business  customs  sanction  the  higher  valu- 
ation. The  general  analogy  to  wholesale  and  retail  transactions  may 
be  instanced;  also  the  familiar  fact  that  when  a  tract  of  land  is  pur- 
chased en  hloc  and  divided  into  smaller  tracts  or  lots,  these  latter 
command  a  higher  unit  price  than  was  paid  for  the  whole  tract. 
Again,  fair  market  price  is  said  to  be  that  price  established  when 
both  seller  and  buyer  are  equally  free  and  disposed  to  deal.  Now, 
if  for  any  reason,  B  wanted  to  buy  a  selected  part  of  A's  farm,  which 
is  intrinsically  worth  no  more  than  any  other  part  of  the  farm,  and 
is  located  so  that  its  severance  would  not  damage  the  remainder,  it 
is  natural  and  reasonable  that  A  should  ask,  and  B  should  be  willing 
to  pay,  a  higher  unit  price  than  A  would  ask  for  the  farm  as  a  whole. 
It  is  equally  reasonable  that  the  land  severed  for  the  right  of  way 
should  command  a  higher  price  than  the  farm  as  a  whole.  What 
that  higher  price  should  be  is  a  matter  of  judgment,  and  it  must  be 
assumed  that  the  commission  exercised  its  best  judgment  in  the  mat- 
ter. It  must  be  assumed  that  its  award  for  permanent  and  temporary 
damages  is  also  fair  and  equitable. 
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The  transaction  being;  closed  in  accordance  with  the  award,  the  Mr. 
question  in  due  time  will  arise,  how  shall  the  pi'operties  be  assessed 
for  taxation '.  Here,  the  State  becomes  an  interested  party,  and  her 
rights  must  be  taken  into  account.  The  permanent  damage  of  $600 
was  awarded  on  the  ground  that  the  remainder  of  A's  farm  is  per- 
manently injured  and,  therefore,  that  its  value  is  decreased  by  that 
sum.  When  the  tax  assessor  appears,  A  may  reasonably  claim  that 
that  sum  shall  be  deducted  from  what  his  farm  would  otherwise  be 
assessed  for.  The  assessor  accedes  to  what  seems  a  just  demand, 
and  appraises  the  remaining  154  acres  at  $46.10  per  acre,  and  pro- 
ceeds to  appraise  the  railroad  right  of  way.  Here  some  perplexing 
questions  arise.  He  may  readily  decide  that  the  property  should  be 
appraised  on  the  value  fixed  by  the  Commission,  but  he  discovers 
that  even  when  this  is  done,  the  aggregate  assessment  on  the  whole 
of  the  property  will  fall  short  of  the  amount  the  undivided  property 
has  been  previously  appraised  at  by  $540.60.  In  other  words,  that 
on  such  an  appraisal,  the  State  will  lose  the  taxes  on  that  sum. 
This  would  obviously  be  unjust  to  the  State.  Further  study  shows 
him  that  in  order  that  the  State  shall  receive  the  same  amount  of 
taxes  as  before,  the  {jermanent  damages  deducted  from  A's  appraisal 
must  be  practically  all  added  to  what  would  otherwise  be  the  appraised 
value  of  the  right  of  way.  In  other  words,  permanent  damages  must 
be  considered  as  accruing  to  the  benefit  and  value  of  the  severed  land, 
in  addition  to  what  would  otherwise  be  its  fair  market  value.  He, 
therefore,  lists  the  right  of  way  at  $360  +  $600  =  $960,  or  at  the  rate 
of  $160  jier  acre,  and,  under  these  appraisals,  the  State  will  receive 
substantially  the  same  amount  of  taxes  as  heretofore.  The  value  per 
acre  thus  ascertained  is  3i  times  that  of  other  land  in  the  vicinity. 

The  ordinary  tax  a.ssessor  may  not  enter  into  such  nice  reasoning 
or  computation,  or  reach  a  like  result,  but  he  might  well  do  so,  and  the 
soundness  of  the  argument,  from  the  State's  point  of  view,  must  be 
conceded. 

The  conditions  described  relate  to  a  time  closely  following  the 
acquirement  of  the  right  of  way.  The  (luestion  arises  whether  the  con- 
ditions then  found  continue  into  the  future,  say,  20  years  thereafter. 
The  market  value  of  surrounding  land  may  have  increased  or  decreased 
in  the  meantime,  and  the  naked  value  of  the  right-of-way  land  may 
have  increased  or  decreased  accordingly.  The  award  for  permanent 
damages,  however,  does  not  change  with  time.  The  injuries  to  the 
remaining  land,  from  their  very  nature,  must  be  regarded  as  permanent 
and  continuous,  and  their  value  must  still  inhere  in  the  right-of-way 
land.  It  is,  therefore,  still  a  factor  to  be  reckoned  with  in  appraising 
the  property  for  taxation  purposes. 

Coming  now  to  the  application  of  these  general  principles,  it  would 


1886      1JLSCU.SS10N    ON    PHYSICAL   VALUATION    OF    RAILROADS      [Papers. 

Mr       appear  that  a  proper  appraisal  of  right-of-way  land  for  taxation  pur- 
Whinery.  p^ggg  ghould  be  based  on  at  least  three  elements  of  value: 

First.  The  fair  market  value  of  similar  land  in  the  immediate 
vicinity  (excluding,  however,  adjoining  land  permanently 
damaged) ; 

Second.  A  reasonable  percentage  to  be  added  for  increased  value 
due  to  selection  and  severance; 

Third.  The  amovmt  of  the  permanent  damages  caused  by  the  tak- 
ing of  the  right  of  way. 

If  in  any  given  case  the  records  of  the  original  transaction  were 
available  and  the  compensation  paid  were  properly  itemized,  it  would 
not  be  difficult  to  arrive  at  a  proper  valuation;  but,  in  practice,  esi^e- 
cially  in  the  case  of  the  older  railroads,  these  data  are  hardly  ever 
available,  and  the  appraiser  m.ust  exercise  his  best  judgment,  particu- 
larly as  to  the  fair  amount  of  the  permanent  damages. 

In  fact,  it  is  found  in  practice  that  it  is  hardly  practicable  or  even 
possible  to  consider  each  individual  tract  of  a  right  of  way  thus  in 
detail,  and  that  it  is  necessary  and  desirable  to  foi*mulate  some  general 
rule  to  be  applied  to  the  determination  of  the  value  of  right-of-way 
land,  either  as  a  whole  or  to  certain  classes  or  local  sections.  This  is 
the  more  permissible  because  the  right-of-way  land  of  any  railroad  is 
likely  to  be  assessed  as  a  whole,  and  a  correctly  framed  scale  of  values 
is  likely  to  give  fair  average  results. 

The  simplest  and,  perhaps,  on  the  whole,  the  best  procedure  is  to 
assume  that  the  value  of  the  right-of-way  land  bears  some  fixed  relation 
to  the  market  value  of  other  lands  in  its  vicinity,  and  to  apply  some 
fixed  multiplier  of  that  market  value  to  the  right  of  way.  Multipliers 
varying  from  one  to  three  have  been  used  in  different  appraisals,  where 
the  purpose  of  the  appraisal  has  not  been  clearly  defined. 

The  author  states  that  it  is  a  well-known  fact  that  land  for  right 
of  way  usually  costs  from  2  to  2i  times  as  much  as  the  market  value 
of  surrounding  land.  From  the  writer's  experience  (not,  however,  very 
recent),  in  well-developed  farming  country,  he  would  say  that  these 
figures  are  very  conservative,  and  that  factors  of  from  2^  to  Si  would 
be  more  nearly  correct;  perhaps,  2 J  would  be  a  low  average  figure. 

It  would  not  be  fair,  however,  to  use  this  factor  of  cost  as  a  mul- 
tiplier for  determining  values  for  taxation,  for  it  includes  the  elements 
of  temporary  damages  and  incidental  expenses  which,  obviously,  should 
be  excluded  from  an  appraisal  for  taxation.  If  we  assume  that  these 
amount  to  one-fifth  of  the  total  cost,  the  proper  multiplier  would  be 
2,  and  we  would  have  the  general  rule  that  for  taxation  purposes,  right- 
of-way  land  should  be  appraised  at  double  the  value  of  other  land  in 
its  vicinity. 
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In  the  writer's  opinion,  it  will  seldom  be  found  that  a  proper  mill-       Mr. 
tiplior.  dotormined  in  iiccordance  with  the  principles  here  outlined,  will 
fall  holow  that  fipruiv. 

It  may  he.  and  generally  is.  claimed  by  railroad  men  that  the  prices 
thu>  commonly  exacted  and  paid  for  ri^-ht-of-way  land  are  excessive, 
;md  that  such  differences  in  value  are  factitious.  The  fact,  however, 
that  they  have  prevailed  for  half  a  century  and  over  the  whole  country, 
whether  the  right  of  way  has  been  secured  by  private  purchase  or  by 
condemnation,  would  seem  to  indicate  that  the  general  ratio  has  a  sub- 
stantial foundation  in  fact. 

The  author  refers  to  the  fact  that  in  the  recent  re-valuation  of  the 
railroads  of  New  Jersey,  where  the  purpose  was  avowedly  to  establish 
a  basis  for  taxation,  right-of-way  land  was  appraised  by  the  expert  of 
the  State  Board  of  Appraisers  at  the  same  unit  value  as  adjoining 
hinds.  The  writer  cannot  but  believe  that  if  this  appraisal  shall  be 
rinally  adopted  as  the  basis  for  taxing  that  part  of  the  railroad  property, 
the  State  will  fail  to  receive  the  amount  of  taxes  to  which  it  is  justly 
entitled.  The  land  (first-class)  was  appraised  at  nearly  $47  000  000,  but 
this  embraced  land  for  terminals,  etc..  the  separate  value  of  which  is 
not  given.  Assuming  that  two-thirds  of  the  whole  was  properly  classi- 
riahle  as  right  of  way,  which  should  rightly  have  been  appraised  at 
'louble  the  value  of  adjoining  land,  the  State  would  lose,  annually, 
taxes  justly  due  it  on  somewhat  more  than  $30  000  000  worth  of  property. 

It  is  not  asserted,  of  course,  that  the  principles  herein  advocated 
will  be  applicable  to  every  ease  for  which  an  appraisal  is  called.  Even 
in  the  absence  of  definite  instructions  calling  for  a  different  treatment, 
a  great  variety  of  conditions  and  circumstances  may  develop,  which 
may  require  modified  action  in  individual  cases  or  classes  of  cases. 

The  writer's  object  has  been  to  outline  the  general  principles  which, 
in  his  opinion,  should  underlie  and  control  appraisals  of  this  kind 
of  railroad  property. 

F.  L.wis.  ^I.  Am.  Sor.  C.  E. — ^Ir.  Wilgus  is  to  be  congratulated  on  Mr. 
the  very  clear  and  concise  presentation  he  has  made  of  the  basic  prin- 
ciples governing  the  valuation  of  railroads.  He  has  covered  the  ground 
so  thoroughly  as  to  leave  little  opjiortunity  for  discussion,  and,  although 
the  .speaker  can  do  little  but  concur  with  him,  it  is,  perhaps,  not  inap- 
liropriate.  in  view  of  the  present-day  interest  in  this  subject,  to  express 
this,  and  emphasize,  if  possible,  -^ome  of  the  more  important  points 
that  are  made. 

In  a  discussion  of  the  paper*  on  this  subject  by  Henry  Earle  Riggs. 
M.  Am.  Soc.  C.  E.,  the  speaker  pointed  out  some  reasons  why  valu- 
ations of  the  railroads  might  not  be  an  unmixed  evil,  as  seemed  to 


*  Trnnsactions.  .\m.  Soc.  C.  E..  Vol.  LXXII,  p.  174. 


1888      DISCUSSION    ON    PHYSICAL   VALUATION    OF    RAILROADS      [P:ipers. 

Mr.    be  generally  assiimed  at  that  time,  the  conokision   of  that  discussion 
La  vis.  1     •  J.  n 

being  as  loJlows: 

"First,  that  valuations  properly  made  may  be  the  means  whereby 
confidence  may  be  restored,  not  only  in  the  mind  of  the  general  public, 
but  in  that  of  the  investor;  but,  in  order  to  obtain  this  result,  the 
railroads  should  urge,  with  all  the  power  they  possess,  the  necessity  of 
having  such  valuations  made  by  a  body  of  men,  some  of  whom,  at 
least,  should  be  engineers,  big  enough  to  entitle  their  opinions  to  the 
respect  of  both  sides,  and  thoroughly  qualified  by  training  and  experi- 
ence for  the  work. 

"Second,  that,  as  far  as  possible,  regulation  should  be  general  or 
national,  so  as  to  avoid  the  complication  of  dividing  all  roads  at  the 
State  lines,  and  of  having  diiferent  regulations  in  different  States. 

"Third,  that  there  need  not  necessarily  be  any  relation  between  rate 
regulation  and  rate-making.  Rate  regulation  can  well  be  confined 
to  rates  in  the  aggregate,  rate-making  applies  to  the  adjustment  of  in- 
dividual rates,  and  m\ist  necessarily  be  the  work  of  men  well  versed  in 
all  the  varied  elements  which  control  it  and  the  particular  conditions 
affecting  the  business  of  each  particiilar  road." 

The  paper  by  Mr.  Riggs  was  an  able  discussion  of  methods  of 
obtaining  the  cost  of  reproduction,  but  the  author  refused  to  recognize 
that  the  consideration  of  the  so-called  "intangible  values"  had  any 
place  in  a  physical  valuation,  and  he  did  not  consider  that  the  purpose 
for  which  an  appraisal  was  to  be  made  should  have  any  influence  in 
determining  the  value  of  the  property. 

It  is  the  discussion  of  these  particular  points  by  Mr.  Wilgus  which 
the  speaker  believes  should  be  emphasized.  He  points  out  distinctly 
that  the  i-eason  for  making  the  valuation,  or  the  purpose  for  which 
it  is  to  be  used,  has  an  important  bearing  on  the  method  of  making 
it,  and  also  states  the  principles  which  should  guide  an  experienced 
man  in  making  a  reasonable  estimate  of  at  least  some  of  the  so-called 
'intangible  values,"  or  perhaps  it  would  be  better  to  say  that  he  has 
outlined  so  completely  the  really  tangible  values  as  to  have  eliminated 
all  or  nearly  all  which  can  be  called  intangible,  which  are  included  in 
the  unbreakable  circle  of  argument  in  which  it  is  claimed  that  the 
rates  are  based  on  values  and  the  values  on  the  rates. 

It  is  shown  in  the  first  place  how  the  appraisal  of  the  individual 
items  composing  a  railroad,  without  relation  to  their  value  as  corre- 
lated parts  of  a  whole,  may  be  justified  for  taxation  purposes,  but  is 
not  a  proper  method  for  determining  the  value  of  the  property  as  a 
living  entity,  that  the  "original  cost  to  date"  method  is  untenable 
on  account  of  the  almost  universal  lack  of  records  of  any  value  and 
for  other  reasons,  and  the  conclusion  is  that  the  "Cost  of  Reproduc- 
tion New"  is  the  only  method  whereby  an  appraisal  can  be  made 
which  will  be  fair  and  just  to  both  railroads  and  public,  and  which 
will  give  a  fair  value  to  the  property  as  a  whole  and  as  a  railroad,  if  it 
be  properly  made. 
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Leaving    jisido    the    (luostinn    of    taxation,    which    is    really    a    local    Mr. 


issue,  the  valuation  of  the  railroads  is  now  to  be  made  by  the  Inter- 
state Commerce  Commission  principally  in  order  to  determine  whether 
the  cajiitalization  is  fair,  wlielher  the  rates  now  being-  earned  give  a 
fair  return  on  that  capitalization,  or  as  information  on  which  it  may 
base  its  judgment  in  regard  to  new  capital  requirements.  To  one 
with  experience  in  other  countries,  where  the  regulation  of  the  rail- 
roads is  most  jealously  guarded  by  the  Government  and  where  it  does 
not  act  either  as  a  serious  deterrent  to  develo])ment  or  serious  incon- 
venience, this  does  not  appear  altogether  undesirable  or  unreasonable, 
but,  whatever  one  may  think  about  this,  it  is  begging  the  question  to 
■^ay  that  no  valuation  will  give  adequate  values  for  these  purposes. 
What  we  have  to  do  is  to  admit  that  valuations  are  to  be  made  prac- 
tically and  solely  on  this  account,  and  determine  how  they  may  be 
made  properly. 

The  application  of  any  valuation  of  a  railroad  property  to  the 
adjustment  of  rates  is,  of  course,  complicated,  and  it  can  easily  be 
imagined  that,  on  first  consideration  by  any  one  at  all  familiar  with 
the  intricacies  of  rate-making,  the  difficulties  appear  insurmountable. 
Suppose  fair  valuations  are  arrived  at ;  suppose  a  fair  return  on  this 
value  is  fixed,  and  the  aggregate  of  the  rates  raised  or  lowered  by  a 
certain  percentage  to  give  this  assumed  fair  return ;  how,  it  is  asked, 
are  the  differences  in  management  and  the  thousand  and  one  other 
inherent  differences  in  physical  characteristics  and  conditions  to  be 
overcome  ?  There  would  be  no  competent  answer  to  this  were  each 
railroad  to  be  taken  a.s  a  unit  or  an  attempt  made  to  regulate  individual 
rates,  but,  inasmuch  as  it  would  be  difficult  to  change  a  rate  on,  say, 
the  Pennsylvania  between  New  York  and  Chicago  without  making  a 
similar  change  on  the  Baltimore  and  Ohio,  Erie,  New  York  Central, 
etc.,  it  seems  impossible  to  use  such  valuations  as  may  be  arrived 
at  for  any  other  purpose  than  the  regulation  of  the  rates  as  a  whole 
over  a  distinct  section.  That  such  a  method  of  rate  regulation  is  a 
practical  one  has  already  been  recognized  by  the  Committee  of  Presi- 
dents of  the  Eastern  Railroads.  For  some  time  that  Committee  has 
endeavored  to  obtain  permission  to  raise  certain  individual  rates  which 
were  admittedly  too  low,  but  the  opposition  from  the  shippers  has 
prevented  favorable  action  by  the  Interstate  Commerce  Commission. 
The  Committee,  therefore,  has  now  decided  to  ask  for  a  blanket  increase 
of  a  certain  percentage  on  all  rates  throughout  the  Eastern  territory, 
as  there  seems  to  be  far  less  objection  to  the  rates,  per  se,  than  to  any 
change  in  the  relation  of  certain  individual  rates  to  certain  others, 
and  this  is  quite  in  line  with  the  speaker's  conclusion  in  his  discussion 
of  Mr.  Kiggs'  paper. 

The  trend  of  practical  endeavor,  tliereforc.  as  well  as  a  common- 
sense  view,  seems  to  lead   to  the  coiiclnsion    that   the  only  adjustment 
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:\ir._^  of  rates  can  be  a  blanket  one,  covering  a  large  section  of  the  country 

■  where  prevailing  conditions  are  generally  similar,  and  to  the  speaker 

this  seems  to  put  the  question  of   valuation  on  a  basis  where  many 

of  the  objections,  which  may  be  and  are  quite  properly  raised,  against 

valuation  of  separate  roads  or  parts  of  them,  can  be  overcome. 

Most  of  the  arguments  against  any  theory  of  basing  rates  on  valu- 
ation are  founded  on  the  inherent  differences  in  physical  characteristics, 
methods  of  management,  local  conditions,  etc.  In  an  address  delivered 
before  the  Southern  Commercial  Congress,  in  April,  1911,  by  Charles 
Hansel,  M.  Am.  Soc.  C.  E.,  it  was  shown  that  a  higher  or  lower  rate 
of  gradient  on  two  or  more  competing  lines  might  materially  affect 
their  value.  He  assumed  three  lines,  each  100  miles  in  length,  the 
first  with  0.3%  grades,  the  second  with  1.0%  grades,  and  the  third 
with  1.136%  grades,  and  showed  that  for  a  tonnage  of  10  000  per 
annum  the  capitalized  value  of  the  additional  cost  of  hauling  the 
tonnage  on  the  two  latter  might  amount  to  some  eight  or  ten  millions 
of  dollars. 

Of  course,  the  assumption  of  two  roads  between  the  same  termini 
with  essentially  different  physical  characteristics  is  the  reductio  ad 
ahsurdum  argument.  As  a  matter  of  fact,  when  there  are  two  or  more 
roads  between  the  same  termini,  or  which  reach  the  same  points,  the 
rate  between  these  points  for  the  same  class  of  commodity  is  the  same, 
no  matter  what  the  operating  conditions  of  the  properties  are.  If  the 
valuation  of  the  property  is  for  the  purpose  of  purchase  or  sale,  the 
operating  value,  as  affected  by  the  physical  conditions  or  physical 
characteristics,  should  be  considered,  but,  if  the  valuation  is  used  as  a 
basis  for  fixing  rates  between  competitive  points,  it  cannot  be. 

Such  a  case  as  that  cited  above  is,  from  a  practical  standpoint, 
purely  theoretical,  and  it  may  be  admitted  at  once  that,  if  there  were 
any  two  such  roads,  no  valuation  would  be  a  fair  basis  for  fixing  the 
rates  on  them.  If  the  rates  were  fair  for  one,  they  would  be  likely 
to  be  unfair  for  the  other;  looking  at  the  matter  broadly,  however, 
there  can  be  no  more  reason  in  the  valuations  to  be  made  by  the  Inter- 
state Commerce  Commission  for  comparing  physical  conditions  or 
physical  characteristics  of  competing  lines  than  there  is  now.  No  two 
lines  could  be  more  dissimilar  than  the  Pennsylvania  and  the  New 
York  Central  between  New  York  and  Chicago,  and  yet  the  rates  are 
the  same.  If  the  Erie  Railroad  spends  a  large  sum  of  money  and 
makes  improvements  which  will  reduce  its  ruling  grade  to,  say,  0.3%, 
it  can  hardly  be  expected  that  on  that  account  it  vpill  be  compelled 
to  adopt  a  lower  rate  than  it  charged  before,  because  it  can  operate 
more  cheaply,  or  charge  a  higher  one  because  it  has  spent  a  lot  of 
money. 

There  is,  perhaps,  a  certain  class  of  individual  rates  between  local 
points   which   are,    and   probably   will   continue   to   be,   subject   to   in- 
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vestig-atioii  by  the  Interstate  Commerce  Commission  or  the  State  yu: 
Boards.  The  repruhition  of  these  rates,  if  necessary,  must  inevitably 
be  based  very  hirprely  on  the  cost  of  service,  and,  as  a  basis  for  de- 
terininin.ir  this,  or  at  least  as  a  starting:  point,  there  would  sc^em  to 
be  notliing-  better  than  an  adequate  appreciation  of  the  value  of  the 
property  involved.  It  seems  improbable  though  that  there  could  ever 
be  considered  even,  the  proposition  to  fix  rates  separately  on.  for 
example,  the  Pennsylvania,  the  Baltimore  and  Ohio,  the  Erie,  and 
the  New  York  Central  on  the  basis  of  the  valuation  of  the  individual 
properties,  or  even  a  combination  of  the  values  of  the  physical  ])roper- 
ties  with  the  capitalization  and  earnings  of  each  individual  property ; 
but  that  need  not  prevent  the  use  of  a  fair  valuation  taken  together 
with  an  appreciation  of  the  cost  of  operation,  as  a  basis  for  a  general 
ailvance  of  rates  which  might  be  shown  to  be  necessary  in  order  to 
provide  a  fair  return  to  the  stockholders  and  an  inducement  for  tlie 
provision  of  necessary  new  capital. 

It  seems  to  the  speaker  to  be  entirely  outside  the  realms  of  prac- 
tical discussion  to  consider  for  a  moment  the  actual  costs  of  any  of 
the  parts  which  go  to  make  up  the  railroad  as  a  whole,  except  as 
such  costs  might  be  a  sidelight  on  their  value  to-day,  or  we  would 
never  get  anywhere.  Take,  for  instance,  right  of  way:  some  of  it 
may  have  been  given  free;  it  may  have  been  paid  for  at  ten  times  its 
xalue;  it  may  have  been  obtained  by  right  of  eminent  domain  and 
the  legal  exi)enses  charged  to  something  else.  Rails  were  bought 
at  $20  or  $40  a  ton  which  would  now  cost  $30.  A  tunnel  was  built 
at  a  cost  to  the  railroad  by  which  the  contractor  lost  money;  another 
at  a  cost  which  allowed  a  good  profit.  The  whole  road  may  have 
been  bought  at  a  foreclosure  sale  and  so  on.  almost  without  end. 

The  speaker  was  asked  some  little  time  ago  to  prepare  a  basis  for 
the  determination  of  unit  prices  to  be  used  in  connection  with  the 
valuation  of  a  certain  railroad.  In  looking  up  actual  costs  of  rock 
excavation  to  this  road,  many  contracts  were  examined  dating  from 
1880  to  the  present  time,  the  prices  ranged  from  65  cents  to  $2..')(> 
jier  cu.  yd.,  and  all  within  a  comparatively  narrow  range  of  territory. 
This,  of  course,  is  nothing  new,  but  ?urely  lu)  one  with  any  experience 
could  expect  to  base  the  value  of  the  rock  excavation  on,  say,  the 
Erie  Railroad  as  it  exists  to-day,  on  such  original  costs  of  parts  of 
it  as  might  be  found  by  an  examination  of  the  records.  There  are 
altogether  too  many  complications  to  make  it  possible  to  consider 
original  costs,  except  such  as  those  in  which  all  the  governing  factors 
are  known  which  nuiy  be  used  as  a  guide  in  determining  present-day 
values.  A  rock  cut  may  have  been  taken  out  originally  at  $1  per 
cu.  yd.,  and  a  slice  taken  off  the  side  for  another  track  might  easily 
liave  cost  $2.  or  even  under  certain  conditions  less  than   it  did  in  the 
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Mr.  first  place.  It  seems  to  the  speaker  that,  looking  at  the  matter  from 
a  practical  standpoint,  these  and  innumerable  other  complications 
of  a  similar  nature  cannot  be  considered  now.  We  can  only  consider 
what  it  would  cost  to  take  that  cut  out  if  we  had  to  do  it  to-day 
and  get  it  in  the  shape  it  now  is,  and  that  is  quite  within  the  range 
of  the  ability  of  practical  men.  Really,  the  cost  of  reproduction 
new  is  the  only  logical,  practical  way  that  will  give  results  which, 
at  least,  will  be  as  fair  to  one  road  as  to  another,  and  as  fair  to  the 
public  as  to  the  railroads. 

In  many  countries  where  the  Government  has  retained  full  con- 
trol over  transportation  enterjirises  (and,  after  all,  if  at  all  fairly 
exercised,  this  is  far  better  than  either  unbridled  private  enterprise 
or  Government  ownership),  the  amount  of  the  capitalization  which 
will  be  recognized  by  the  Government  is  definitely  fixed.  The  first 
cost  is  determined  and  approved  during  and  on  the  completion  of 
the  construction,  after  a  satisfactory  investigation  of  the  books,  and 
additions  made  yearly  to  cover  the  additional  capital  expenditures. 
In  the  United  States,  for  many  good  and  sufficient  reasons,  and  others 
equally  bad  and  •  insufficient,  we  have  let  the  railroads  alone,  and  now 
the  Government  is  trying  to  regain  the  control  it  should  never  have 
relinquished.  As  long  as  this  control  is  fairly  exercised,  we  shall  be 
all  right.  To  exercise  it  fairly,  those  charged  with  it  must  have 
knowledge,  and  one  of  the  things  they  should  know  is  the  value  of 
the  property  they  are  controlling. 

This  value  can  be  obtained  fairly,  but,  it  seems  to  the  speaker, 
only  by  putting  everything  on  a  common  basis.  There  can  be  no  fool- 
ing with  such  questions  as  "right  of  way  has  no  value  because  it  has 
been  given  to  the  railroad,"  or  that  it  "has  not  increased  in  value," 
or  that  "if  we  wanted  to  reproduce  it  to-day  we  would  not  pay  a  farmer 
three  or  four  times  the  acreage  value  if  we  cut  through  between 
his  homestead  and  the  rest  of  his  land."  Such  speculations  as  these  open 
up  vast  vistas  of  discussion  to  which  there  is  no  end.  The  "Cost  of 
Reproduction  New"  is  entirely  practical  and  one  well  within  the  range 
of  the  understanding  of  any  fairly  intelligent  person.  To  obtain  it 
fairly  needs  practical  experience,  training,  and  a  knowledge  of  rail- 
road conditions,  and  Mr. .  Wilgus  has  done  a  service  in  calling  atten- 
tion to  some  of  the  matters  which,  if  the  work  is  to  be  done  properly, 
must  receive  most  careful  consideration  from  those  who  he  truly 
says  are  "burdened  with  a  Herculean  task"  in  undertaking  to  value 
all  the  railroads  of  the  country. 

The  necessity  for  the  employment  of  competent  men  is  pointed  out, 
and  this  fact  should  be  emphasized,  for  though  it  may  be  generally 
admitted  that  a  certain  number  of  competent  engineers  are  required, 
it   is   not   always   conceded   that   railroad   as   well   as   engineering   ex- 
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perience  is  required   in  many  o{  tlie  comparatively  minor,  or  at  least     Mr. 
intermediate,  positions. 

Even  the  first  step,  the  compilation  of  an  accvirate  inventory  of 
the  property  of  a  railroad,  must  be  taken  by  men  in  the  field  who 
have  become  capable  by  \oug  association  with  railroads  in  the  making 
and  in  their  subse<iuent  maintenance.  Take,  for  instance,  the  one 
item  of  tlie  earthwork  on  a  railroad,  the  questions  of  settlement  of  em- 
bankments built  across  marshes,  the  settlement  of  the  embankments 
themselves,  the  estimation  of  slides,  the  classification  of  the  material, 
haul,  the  g-eneral  seasoning  of  the  whole  roadbed,  etc.,  cannot  be  prop- 
erly answered  or  values  estimated  by  any  but  men  of  experience  who 
can  and  do  judge  the  conditions  on  the  ground.  The  task  of  making 
an  inventory  and  fixing  prices  of  the  measurable  items,  although  one 
of  great  importance,  is  well  within  the  range  of  an  organization  which 
can  be  develojjed  from  the  large  number  of  competent  engineers  avail- 
able who  have  had  fairly  long  and  wide  experience  in  railroad  con- 
struction. 

The  really  important  matters  pointed  out  by  Mr.  Wilgus,  however, 
are  the  estimation  of  the  value  of  the  two  stages  of  the  development 
of  a  railroad  preceding  and  succeeding  the  actual  construction  period, 
and  the  speaker  believes,  with  him,  that  an  equitable  vahiation  of  the 
cost?  to  a  railroad  during  these  two  periods  is  not  an  impossible  or 
impractical  task,  and,  if  fairly  made  by  men  of  widest  experience  in 
railroad  affairs — not  merely  engineers  with  only  construction  experience 
— will  largely  cover  the  so-called  "intangible  values." 

T^ntil  very  recently  the  speaker  thought  that  the  position  taken 
by  ^ir.  Wilgus,  and  as  expounded  in  this  paper,  was  so  obvious  that 
there  could  be  little  chance  for  argument,  but  there  still  appears  to 
be  a  large  number  of  otherwise  intelligent  people  who  continue  to 
think  that  the  valuation  of  railroads  is  necessarily  different  from 
the  valuation  of  any  other  business  property,  in  other  words,  that  the 
valuations  to  1)e  made  are  to  be  simply  an  inventory  of  ties,  rails, 
locomotives,  etc..  with  a  price  for  each,  and  that  the  "good  will,"  etc.. 
is  to  be  ignored.  We  have,  perhaps,  rather  ignored  the  discussion  of 
the  "intangible  values,"  because  avo  have  not  been  able  to  see  quite 
clearly  how  we  were  going  to  estimate  their  value,  but  that  may  be 
due  to  the  same  state  of  mind  we  are  often  in,  when  approaching  any 
problem  of  importance  which  may  come  up.  We  may  have  a  bridge, 
or  tunnel,  or  anything  else,  to  design  and  construct.  When  wo  start 
we  may  not  know  exactly  how  it  is  going  to  turn  out,  even  though 
we  know  we  can  do  it;  we  know  there  are  ditHculties;  we  know  that 
the  first  tentative  designs  will  be  all  changed ;  but  we  also  know  that 
if  we  keeii  at  it  long  enough  and  with  a  sufficient  degree  of  intelligence, 
backed  l\v  experience,  we  shall  work  it  out.  It  seems  to  the  speaker 
to  be  the  same  way  about  valuation.     Proper  consideration  will  show 
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Mr.  that  many  of  the  so-called  intangible  values  have  considerable  sub- 
stance, and  a  fair  determination  of  their  worth  can  be  arrived  at  by 
a  proper  process  of  intelligent  application.  Mr.  Wilgus  has  drawn  a 
broad  outline  of  the  matters  to  be  considered;  it  is  for  those  who  have 
the  work  to  do  to  fill  in  the  details. 

There  might  be  endless  discussion,  of  course,  in  regard  to  what 
these  values  should  be,  biit  it  looks  as  if  we  had  come  to  the  point 
where  some  one  will  have  to  decide.  It  is  not  a  question  of  ab- 
solute right,  but  of  coming  to  a  decision  which  will  be  as  fair  as  pos- 
sible to  all  concerned.  There  is  nothing  impractical  in  this,  the  abso- 
lute right  of  the  majority  of  disputes  is  seldom  reached,  most  de- 
cisions are  compromises  or,  at  least,  the  best  judgment  of  some  man 
or  body  of  men,  and  it  is  usually  only  necessary  that  we  be  assured 
of  the  competence  and  impartiality  of  the  tribunal  to  permit  us  to 
acquiesce  in  the  decision.  It  is  necessary,  however,  that  we  be  as- 
sured of  the  competence  as  well  as  the  impartiality,  and  that  all  per- 
tinent matters  will  receive  due  consideration.  The  necessity  of  this 
latter  should  perhaps  be  emphasized  mo.^t  particularly  in  connection 
with  the  estimation  of  the  costs  or  value  of  those  items  which  exist 
but  are  not  easily  or  ph.ysicall.v  measurable. 

Mr.  WiLLL^M   W.   Crehore,  M.  A:n[.   Soc.  C.  E. — This  admirable  paper 

shows  the  author  to  be  thoroughly  familiar  with  his  subject,  which 
he  treats  in  a  comprehensive  and  exhaustive  manner  not  to  be  ex- 
pected from  any  other  than  a  railroad  official  of  wide  experience.  On 
some  of  the  special  points,  however,  which  are  matters  of  opinion  only, 
a  layman  may  be  permitted,  perhaps,  to  differ  from  the  author's  con- 
elusions  without  exiDOsing  himself  to  the  charge  of  presumptuousness. 
On  this  basis,  the  speaker  wislies  to  take  one  exception  to  the  opinions 
advanced  in  the  paper. 

In  enunciating  the  basic  principles  of  procedure  and  the  several 
ways  of  deterrrtining  the  physical  value,  Mr.  Wilgus  refers  to  the 
method  known  as  "Cost  of  Reproduction,  Less  Depreciation,"  and  states 
that,  for  rate-making  purposes,  it  seems  to  him  that  the  physical  de- 
preciation should  not  be  deducted  from  the  cost  of  reproduction  new. 
His  reasons  for  this  are  "that  all  expenditures  for  renewals  and  repairs 
should  be  charged  to  working  expenses,  and  not  to  capital,"  and  that 
"normal  depreciation  is  not  to  be  treated  as  a  wastage  of  capital,  but 
as  an  element  in  the  cost  of  operation  that  is  covered  by  the  rate." 
He  then  goes  on  to  state  that  the  law  requiring  "that  valuations  shall 
be  revised  from  time  to  time  as  improvements  and  other  changes  are 
made,  in  effect  prohibits  the  deduction  of  depreciation,  as  otherwise 
the  constant  addition  of  amounts  expended  in  the  replacement  or  re- 
newal of  items  that  had  been  included  in  the  valuation  at  their  de- 
preciated  price,   would   be   a   violation    of  the   rule   of   the   Interstate 


rehcire. 
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Commerce  Couuuission  that  upt'rating'  rxiK'uses  slionld   u<>\   l)f  cliarjicd       5lr. 
to  capital. 

The  fact  should  not  be  lost  sight  of  that  betterments  and  improve- 
monts,  when  paid  for  out  of  income,  are  just  as  much  property  as  if 
|iaid  for  out  of  capital,  and,  as  assets  of  the  company,  they  should  be 
included  in  the  inventories  made  from  time  to  time.  It  is  the  evident 
intention  of  the  Interstate  Commerce  Commission  to  draw  a  definite 
and  distinct  line  between  funds  used  for  extension  and  enhancement  of 
railroad  property,  and  those  used  for  the  prevention  of  undue  de- 
preciation of  existing  property;  in  other  words  the  distinction  is  be- 
tween repairs  and  renewals  necessary  to  maintain  the  original  invest- 
ment at  its  full  efficiency,  on  the  one  hand,  and  such  betterments  and 
improvenuMits,  on  the  other  hand,  as  constitute  permanent  additions  to 
the  original  investment.  In  order  to  protect  the  stockholder  the  prop- 
erty i)aid  for  by  his  original  investment  should  be  kept  up  by  repairs 
and  renewals  as  nearly  as  practicable  to  100%  efficiency,  or  a  fund 
should  be  established  to  reimburse  him  for  the  difference. 

It  is  customary  to  look  at  depreciation  as  a  stockholder's  liability, 
l)ut,  in  truth,  it  is  his  liability  only  because  he  has  received  in  dividends 
at  some  previous  period  the  money  which  should  have  been  expended 
to  keep  the  proj^erty  up  to  100%  efficiency,  or  which  should  have  been 
put  into  a  fund  to  be  used  for  that  purpose.  It  is  unquestionably  the 
moral  dutj'  of  the  management  to  keep  the  company's  property  up  to 
its  full  efficiency,  or  to  establish  out  of  the  income  an  equivalent  re- 
serve fund.  When  this  is  done,  there  can  be  no  liability  for  deprecia- 
tion on  the  part  of  the  stockholder.  Whenever  this  money  is  paid  to 
him  as  dividends,  however,  instead  of  being  put  into  the  property,  he 
is  then  actually  receiving  back  part  of  his  original  investment,  on  the 
instalment  plan,  as  it  were.  If,  then,  the  stockholder  has  received 
this  part  of  his  investment  back,  it  certainly  remains  no  longer  among 
the  assets  of  the  corporation;  hence,  to  obtain  a  proper  value  of  the 
assets,  for  rate-making  purposes,  or  for  any  other  purpose,  the  amount 
of  this  depreciation  should  be  deducted.  The  opponents  of  this  view 
eertainly  will  not  contend  that  rates  should  be  made  proportionate  to 
assets  which  do  not  exist  in  the  corporation. 

The  author's  view  that  depreciation  should  not  be  deducted  is  based 
on  the  stockholder's  liability  to  be  called  on  at  some  future  time  for 
fresh  capital  to  put  the  property  back  to  100%  efficiency.  Until  that 
time  comes,  however,  and  the  stockholder  does  tlius  put  his  money  back 
into  the  property,  is  there  any  reason  why  the  rates  should  be  large 
enough  to  pay  him  dividends  on  that  portion  of  his  investment  which 
he  withdrew  from  the  corporation,  as  well  as  on  that  which  he  still  has 
in  it?  Or  if,  as  is  usually  done,  the  property  is  put  back  to  full  effi- 
ciency by  the  use  of  future  income  (that  is,  through  an  issue  of  bonds), 
is  there  anv  good  reason  whv  the  stockholder  should  be  the  sole  bene- 
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Mr.  ficiary  from  that  operation  which  has  cost  him  nothing?  Does  it,  in 
the  first  place,  seem  just  to  make  the  piiblic  pay  rates  high  enough 
to  cover  dividends  on  the  depreciation  of  the  property,  when  the  equiva- 
lent of  that  depreciation  has  already  been  paid  back  to  the  stockholder? 
In  the  second  place,  is  it  just  and  right  that  the  rates  should  be  high 
enough  to  cover  dividends  on  the  original  value  of  the  property  in- 
cluding depreciation,  and,  at  the  same  time,  high  enough  to  retire  an 
issue  of  bonds  necessitated  only  because  of  the  withdrawal  of  the  de- 
precation reserve  fund  by  the  stockholders? 

To  make  the  rates  high  enough  to  cover  future  betterments  and 
improvements  and  to  lay  the  money  aside  for  this  purpose  is  one 
thing;  but  to  make  such  rates  and  then  devote  the  money  thus  raised 
to  dividends  based  on  the  original  value  of  depreciated  property  can- 
not be  justified.  The  stockholders  should  not  expect  to  "have  their  cake 
and  eat  it  too."  To  argue  that  this  is  customary  does  not  justify  it  as 
good  practice,  nor  does  it  appeal  to  the  fair-minded  gentlemen  compos- 
ing the  Interstate  Commerce  Commission  as  being  either  good  theory 
or  good  practice.  Any  corporation  which  is  handled  so  as  to  allow  its 
property  to  depreciate  without  providing  a  fund  out  of  the  income  as 
the  equivalent  of  this  depreciation,  cannot  claim  that  the  full  invest- 
ment of  the  stockholders  is  represented  in  the  assets  of  the  corporation, 
and,  therefore,  cannot  expect  to  be  allowed  a  rate  based  on  fictitious 
property  just  because  it  has  been  capitalized. 

The  market  value  of  any  property  other  than  a  public  utility,  that 
is,  any  property  unregulated  by  law,  is  a  direct  function  of  its  income, 
fluctuating  with  the  income.  This  market  value  apparently  is  unre- 
lated either  to  the  intrinsic  value  of  the  company's  assets  or  to  the 
amount  of  capital  invested.  Investors  look  only  at  the  rate  of  income 
and  the  safety  of  the  investment.  If,  for  instance,  the  stock  of  a 
reliable  concern  pays  40%,  this  stock  cannot  be  bought  at  par;  but 
the  market  price  will  be  well  up  to  a  point  where  dividends  on  it  will 
be  normal. 

Now  the  difference  between  this  market  value  of  the  "going"  con- 
cern and  the  actual  intrinsic  value  of  its  real  assets  is  ascribed  to 
the  "good-will"  of  the  business,  or  the  "franchise"  value,  as  it  may  be 
called  in  the  case  of  a  public  utility,  meaning  thereby  the  value 
of  its  intangible  assets.  If  the  business  is  highly  prosperous,  the 
good-will  or  franchise  value  is  correspondingly  great.  The  actual  in- 
trinsic value  of  a  going  concern's  real  assets  does  not  change  merely 
because  of  the  advent  of  prosperity  or  the  reverse,  but  the  good-will 
or  franchise  value  does  vary  for  this  cause.  With  some  very  highly 
developed  monopolies,  the  good-will  value  of  the  business  is  the  larg- 
est asset,  the  intrinsic  value  of  its  property  being  merely  incidental. 

This  being  so,  it  is  evident  that  the  problem  before  the  Interstate 
Commerce  Commission,  in  regard  to  railroads,  is  to  reverse  the  natural 
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operation  of  an  unrestricted  monopoly.  Instead  of  "charging  all  Mr. 
the  traffic  will  bear"  and  detorniining  the  good-will  value  of  the  busi- 
ness by  the  amount  of  income,  as  is  common  with  a  private  corpora- 
tion, the  Commission's  problem  is  to  ascertain  tlie  value  of  the  assets 
(intangible  as  well  as  tangrible).  and  then  to  make  the  income  con- 
form with  it  by  virtue  of  the  rate-making  power.  This  difference  be- 
tween a  public  utility  and  a  private  corporation  seems  generally  to  be 
unrecognized.  In  the  working:  out  of  this  problem  there  is  very  little 
to  be  learned  from  the  example  of  private  monopolies,  excepting  as 
they  may  be  said  to  teach  "how  not  to  do  it".  In  the  Commission's 
problem  it  is  necessary  to  prevent  all  exaggeration  in  respect  to  the 
good-will  or  franchise  value  in  determining  the  value  of  a  railroad's 
assets. 

A  railroad  is  a  monopoly  created  by  the  law-making  power  pri- 
marily for  public  uses.  A  private  corporation,  on  the  other  hand,  is 
created  primarily  to  make  money  for  its  stockholders.  A  railroad's 
charter  is  granted  by  a  special  agreement  with  the  Legislature,  and 
gives  it  an  exclusive  monopoly  in  its  own  territory,  except  at  and 
near  the  terminals.  Such  a  monopoly  must  of  necessity  be  regulated 
by  some  common  authority,  in  order  that  the  communities  through 
which  it  operates  shall  not  be  discriminated  against  in  comparison 
with  those  similarly  situated  on  other  railroads,  and  for  the  further 
reason  that  the  railroads  are  practically  indispensable  to  all  business 
interests.  Each  year  sees  the  business  of  the  country  more  and  more 
dependent  on  the  railroads  for  the  interchange  of  commodities. 

For  these  reasons,  also,  it  is  necessary  that  the  public  authority 
in  control  of  the  railroads  should  endeavor  to  have  the  rates  fixed 
as  low  as  is  consistent  with  the  value  of  the  capitalist's  investment. 
This  investment,  however,  certainly  does  not  comprise  betterments 
and  improvements  which  have  been  paid  for  exclusively  out  of  rates 
(which,  for  this  reason,  are  excessive  rates)  charged  to  the  public. 
In  this  respect  a  railroad's  opportunities  to  make  money  for  its  stock- 
holders are  far  greater  than  those  of  a.  private  corporation  competing 
for  a  livelihood;  and  railroad  investors  have  so  long  been  accustomed 
to  the  advantage  they  possess  for  making  the  public  pay  for  anything 
they  want,  that  it  will  not  be  an  easy  matter  to  attract  them  when 
these  opportunities  are  removed,  although  the  return  on  their  actual 
investment  should  still  remain  as  good  as,  or  better  than,  that  of 
corporations  in  private  business. 

Neglect  to  provide  depreciation  funds  is  in  the  same  category,  both 
financially  and  economically,  with  the  omission  to  establisli  sinking 
funds  for  outstanding  bond  issues.  Both  practices  have  brought  about 
an  enormous  inflation  of  values  by  the  introduction  of  fictitious  capi- 
talization.     Bonds   have   been    left   outstanding   long   after   the   prop- 
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Mr.  erty  or  equipment  purchased  with  their  proceeds  has  become  useless ; 
or.  if  refunded,  the  effect  is  the  same,  because  stockholders  claim  their 
share  of  the  earnings  beyond  the  lifetime  of  the  property  to  produce 
which  their  proceeds  were  applied.  Whenever  an  issue  of  bonds  is 
refunded,  which  ought  to  have  been  paid  off  by  a  provision  out  of 
the  earnings,  its  claim  is  added  to  that  of  the  new  bond  issue  for  a 
share  of  the  future  earnings.  Such  bonds  as  are  not  co-terminous 
with  the  life  of  the  property  originally  purchased  with  their  proceeds, 
serve  to  increase  the  burden  of  inflation,  because  the  security  that 
\yas  once  behind  them  is  abandoned,  useless,  or  obsolete.  To  provide 
income  for  bonds  like  these  is  to  carry  a  fictitious  investment  on  the 
liooks,  and  with  every  refunding  of  debts  that  ought  to  be  retired, 
the  load  of  over-capitalization  receives  a  new  increment. 

It  has  come  to  be  the  popular  conception  that  to  cai:>italize  any- 
thing is  to  provide  an  income  for  it.  But  capital  is  wealth;  therefore, 
when  an  income  is  provided  for  something  which  does  not  exist,  there 
results  a  form  of  capitalization  which  adds  no  wealth  to  the  property 
at  all.  but  is  fictitious  capitalization  or  over-capitalization.  It  provides 
an  income  for  fictitious  investment.  Property  which  has  become  ob- 
solete or  superseded  by  other  property  ceases  to  have  any  earning 
power,  and  is  no  longer  entitled  to  any  income.  Hence  the  bonds, 
from  the  proceeds  of  which  it  was  orig'inally  purchased,  must  be  re- 
tired by  the  earnings  of  the  period  covered  by  the  life  of  the  property 
in  order  to  prevent  over-capitalization  or  inflation. 

An  exact  compliance  with  this  theory  is,  of  course,  not  possible  in 
practice.  With  the  railroads  of  the  United  States,  progress  and  develop- 
ment have  caused  such  unforeseen  changes  in  recent  years  that  it  has 
not  always  been  possible  to  arrange  bond  issues  which  should  ter- 
niinate  with  the  life  of  the  proiierty  represented  by  them;  but  there 
could  have  been,  and  should  now  be,  made  a  more  vigorous  effort  to 
retire  such  issues  as  have  outlived  their  usefulness,  by  payments 
out  of  the  earnings  rather  than  by  refunding,  and  it  must  not  be 
expected  that  the  public  will  permit  rates  to  be  increased  in  order  to 
enable  the  railroads  to  make  a  readjustment  which  has  been  necessi- 
tated by  excessive  rewards  to  stockholders.  The  stockholders  have 
■'eaten  their  cake"  and  that  of  the  bondholders  too,  and  their  efforts 
to  get  the  public  to  feed  the  bondholders  no  longer  deceive  the  majority 
of  those  interested. 

The  great  incentive  behind  this  movement  for  the  valuation  of 
existing  railroad  property  evidently  lies  in  a  desire  to  have  more  com- 
plete and  definite  knowledge  as  to  the  size  of  this  load  of  over- 
capitalization carried  by  the  railroads.  The  extent  to  which  progress 
and  development  have  contributed  item  after  item  to  the  load  of  over- 
••apitalizatiou  in  recent  years  is  not  realized  by  many;  and  the  infla- 
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tion  itself  is  totally  denied  by  others.  Naturally,  there  will  be  some  ^  Mr. 
amonjf  the  latter  who  will  be  strongly  impelled  to  complicate  the  valu- 
ation work,  and  to  seek  out  every  possible  pretext  for  making  the 
assets,  botli  tangible  and  intangible,  look  as  big  as  possible.  It  should 
not  be  inferred  from  this  statement  that  Mr.  Wilgus  is  credited  with 
any  but  perfectly  sincere  and  honorable  motives  in  his  elucidation 
of  the  subject. 

Throughout  the  paper  he  has  rejieatedly  stated  that  the  method 
of  obtaining  tlie  physical  valuation  should  be  chosen  with  reference  to 
the  purpose  for  which  the  valuation  is  made;  that  is,  for  purj^oses 
of  rate-making  he  would  recoiiimend  a  method  giving  a  different  re- 
sult from  that  obtained  by  the  method  he  would  recommend  for  the 
I)urpose  of  selling  the  property.  Perhaps  still  another  method  might 
be  recommended  for  purposes  of  taxation.  Much  has  been  said  re- 
cently about  the  increasing  burden  of  taxation  on  railroad  properties, 
and  there  is  no  doubt  a  tendency  on  the  part  of  local  authorities  all 
over  the  country  to  assess  railroad  property  more  nearly  at  its  true 
value  than  has  been  customary  in  years  gone  by. 

Without  in  any  way  begging  the  question  of  physical  valuation, 
the  speaker  takes  the  ground  that  the  easiest  and  simplest  way  out 
of  a  complex  and  difficult  situation,  and  one  that  would  wipe  out  an 
immense  amount  of  inllation,  would  be  to  order  each  railroad  to  put 
its  own  value  on  its  property  of  all  kinds,  and  to  have  it  understood 
that  the  same  value  would  be  used  in  assessment  for  taxation  as  well 
as  for  acquisition  of  the  property  or  for  any  other  purpose.  In  other 
words,  if  there  was  any  inclination  to  place  a  low  valuation  on  the 
liroperty  for  purposes  of  taxation,  this  would  be  counteracted  by  the 
knowledge  that  the  Government  would  use  that  set  valuation  for  rate- 
making  purposes  and  for  acquisition  if  desirable.  With  the  aggre- 
gate of  all  these  self-imposed  railroad  values  thus  put  before  it,  the 
Interstate  Commerce  Commission  could  then  determine  fair  and 
ecpiitable  rates  based  on  these  valuations.  At  least,  if  the  rates  thus 
determined  were  not  fair  and  equitable,  the  railroad  companies  could 
not  complain  of  the  valuations  on  which  they  were  based. 

Our  whole  system  of  direct  taxation  is  cumbersome,  discrimina- 
tory, and  unjust,  putting  a  premium  on  shiftlessness.  The  man  who 
keeps  his  property  in  good  repair,  his  buildings  and  fences  in  order 
and  well  painted,  is  assessed  far  above  his  neighbor  whose  acreage 
is  the  same,  but  whose  buildings  and  fences  are  dilapidated  and  broken 
down.  If  the  estimate  of  each  was  accepted  as  the  value  of  his  own 
jiroperty,  and  if  such  valuation  was  registered  in  the  public  records 
to  be  used  for  all  purposes,  including  taxation,  the  authorities  would 
be  relieved  of  a  vast  amount  of  burdensome  detail,  and  if  any  injustice 
were  done,  the  victim  of  it  would  have  only  himself  to  blame. 
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Mr.  It  is  a  poor  rule  that  does  not  work  both  ways.     What  a  boon  such 

a  system  would  be  to  the  railroads  for  purposes  of  acquiring  rights 
of  way  for  extensions !  Condemnation  proceedings  could  be  avoided, 
untold  agents'  commissions  could  be  left  out  of  consideration,  and, 
best  of  all,  an  exact  estimate  of  the  cost  of  any  proposed  right  of 
way  could  be  obtained  in  advance  merely  by  consulting  the  registered 
values  of  the  property  which  it  was  desired  to  condemn.  If  the  law 
authorized  the  condemnation,  then  the  owner  of  the  property  would 
be  obliged  also  by  law  to  sell  at  his  own  registered  figure.  If  prop- 
erty owners  were  permitted  to  change  their  valuations  as  often  as 
once  a  year  on  a  date  fixed  by  law,  and,  when  they  failed  to  alter 
them,  if  the  last  previous  valuation  should  be  held  to  be  valid  until 
a  new  one  was  submitted  on  the  regular  date  fixed  for  the  purpose, 
speculation  would  be  beneficially  regulated  rather  than  checked,  and 
to  the  extent  of  the  variation  in  taxation  the  State  would  share  in 
the  speculation,  which  is  as  it  should  be. 

Under  a  general  system  of  this  kind  applicable  to  all  corjiorations 
and  individuals  alike,  the  vmearned  increment  on  unproductive  but 
well-located  property  would  be  automatically  and  largely  diminished. 
In  any  event,  the  full  import  of  this  feature  would  be  shared  by  the 
State,  and  any  tendency  to  exaggerate  it  would  be  checked  by  the  pro- 
portionate rise  in  taxes.  The  author  very  justly  complains  of  the 
excessive  prices  usually  paid  by  railroad  companies  for  property  to 
be  acquired  for  extensions  and  betterments;  but,  under  the  system  just 
described,  railroads  would  have  to  pay  for  such  property  no  more  than 
anybody  else.  Thus  a  prevalent  cause  of  over-capitalizing  railroad 
property  would  be  removed,  and  not  only  would  there  result  a  relief 
in  the  financial  burden,  but  a  lower  basis  for  rate-making  purposes. 

It  is  beca\ise  of  the  very  eminent  fairness  of  this  method  of  valu- 
ation that  it  is  not  likely  to  be  popular.  Property  owners  like  to  col- 
lect damages  from  some  one  when  under  compulsion  to  sell  what  is  their 
own  at  a  fair  price  for  the  public  benefit.  In  fact,  when  a  railroad  is 
the  purchaser,  they  too  often  look  on  the  transaction  as  more  beneficial 
to  the  railroad  than  to  the  public.  At  least  they  know  that  the  railroad 
company  is  more  likely  to  bid  high  for  their  property  than  any  other 
individual  purchaser,  because  land  is  capital,  and  the  railroads  are 
paying  very  high  premiums  for  capital  in  any  form.  The  intense 
sentimentality  over  property  rights  so  prevalent  in  the  United  States 
would  be  sadly  shattered  if  a  man's  rights  to  his  property  were  re- 
duced to  just  what  he  himself  made  them,  and  was  able  to  pay  for. 
As  it  is  now,  a  man's  property  rights  (within  certain  limits)  are  any- 
thing he  chooses  to  think  they  are,  and  he  does  not  have  to  sustain 
his  exorbitant  rating  of  them  by  one  single  item  of  expense  beyond 
that  of  his  neighbor  who   is  similarly   situated,  but  whose  ideas   are 
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iiioro  inodfrati'.  Projx^Tty  owners  in  this  country  to-day  are  a  highly  j^r 
privileged  class,  but  are  placed  on  a  most  unjust  and  discriminatory  Crehore. 
footing  with  respect  to  each  other  on  account  of  the  present  system 
of  direct  taxation  which  is  without  uniformity,  unsupported  by  reason, 
easily  responsive  to  corrupt  influences,  and,  most  of  all,  is  unstable  or 
unreliable  for  revenue-producing  purposes.  The  burden  falls  most 
heavily  on  those  who  refuse  to  take  dishonest  advantage  of  the  system's 
weak  points. 

The  important  question  in  rate-making  seems  to  be,  not  what  is 
the  intrinsic  value  of  the  property,  but  rather  what  is  the  capitalist's 
actual  investment,  and  what  portion  of  the  earnings  should  be  allowed 
to  be  capitalized  and  to  become  a  basis  for  further  dividends  to  be  met 
out  of  the  rates.  It  will  be  admitted  that  the  rates  must  cover,  in  addi- 
tion to  all  administrative  and  operating  costs,  (1)  repairs  and  renewals 
necessary  to  keep  the  property  up  to  its  full  efficiency,  or  the  equiva- 
lent in  the  form  of  a  fund  for  the  protection  of  the  stockholders,  and 
(2)  a  reasonable  return  on  the  capital  actually  invested.  To  increase 
the  rates  beyond  this  in  order  to  provide  betterments  and  extensions 
is  no  different  whatever  from  paying  the  stockholders  larger  dividends 
to  enable  them  to  reinvest  immediately  in  the  business,  because, 
eventually,  these  betterments  and  extensions  are  capitalized  and  handed 
to  the  stockholders  as  a  present.  Of  course,  money  for  betterments  and 
extension  does  come  from  previous  dividends,  either  of  these  or  of  other 
stockholders,  in  this  or  in  other  business;  but  the  question  is,  what 
dividend  rate  ought  to  be  considered  sufficient  to  enable  the  stock- 
holders to  reinvest  the  needful  amount  in  betterments  and  extensions 
and  have  something  left  for  themselves.  With  a  private  corporation 
the  answer  is,  make  as  much  money  as  you  can;  but  with  a  public 
utility  the  object  is  to  serve  the  public  just  as  cheaply  as  possible,  and, 
therefore,  the  problem  begins  with  a  determination  of  the  minimum 
return  which  can  be  offered  to  attract  capital. 

It  has  been  said  by  railroad  financiers  testifying  under  oath  that 
without  the  practice  of  capitalizing  earnings  and  offering  stock 
bonuses  with  bond  issues,  capital  could  not  be  attracted  in  sufficient 
quantities  to  take  care  of  the  necessary  improvements  in  railroad  opera- 
tion. These  statements  are  doubtless  true,  and  indicate  the  extreme 
competition  for  capital  at  present  prevailing  in  the  United  States. 
It  would  seem  that  capital  ought  to  know  its  ovra  interests  well  enough 
not  to  demand  such  large  rewards  that  the  business  itself  must  event- 
ually be  throttled  in  order  to  satisfy  its  cupidity.  This  situation  re- 
sults from  an  interference  with  the  natural  law  of  supply  and  de- 
mand. As  the  wealth  of  the  country  gradually  becomes  concentrated 
in  the  hands  of  fewer  individuals,  the  amount  of  capital  outside  of 
their  control  becomes  less.    All  capital  is  wealth  of  some  sort.    As  these 
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Mr.      people    absorb    an    increasing   proportion    of    the    total    wealth,    they 


Crehore. 


acquire  control  of  a  correspondingly  increasing  proportion  of  the  total 
capital,  and  automatically  with  the  growth  of  their  monopoly  the 
available  sources  of  capital  diminish.  Under  siich  competition  for 
capital  as  results  from  this  monopolistic  control,  it  cannot  be  expected 
that  railroad  rates  will  be  kept  low  if  all  the  demands  heretofore  men- 
tioned have  to  be  supplied  from  the  earnings. 

The  President  of  the  Pennsylvania  Railroad  Company  issued  a 
statement  on  May  12th,  1913,  in  which  he  said: 

"In  England  the  policy  of  railroad  companies  has  been  to  pay  out 
currently  to  stockholders  nearly  all  of  the  net  earnings,  and  provide 
for  all  improvements  out  of  the  proceeds  of  sales  of  capital  stock.  If 
the  investors  in  the  stock  and  bonds  of  the  Pennsylvania  Railroad  had 
supplied  directly  all  the  money  which  has  been  invested  in  the  trans- 
portation property  of  this  Company,  and  if  they  received  the  entire 
annual  net  earnings  from  the  operations  of  such  property,  they  would 
today  be  getting  only  4.83  per  cent,  upon  their  actual  cash  outlay." 

Two  conclusions  may  be  drawn  from  this  statement,  one  is,  that  if 
capital  can  be  obtained  on  such  a  basis  in  England,  it  can  be  so 
obtained  in  this  country  from  England  by  removing  from  our  proper- 
ties that  most  objectionable  feature,  over-capitalization  or  inflation;  the 
other  is,  that  if  the  capital  for  the  betterments  above  referred  to  did 
not  come  from  the  Pennsylvania  Railroad  stockholders  it  must  neces- 
sarily have  been  collected  out  of  the  public,  or  (if  through  bond  issues) 
is  now  being  collected  out  of  the  public.  In  other  words,  the  difference 
between  our  method  of  financing  railroad  extensions  and  England's 
method  is,  that  over  there  the  capitalist  puts  up  all  the  capital  and  re- 
ceives a  fair  return  for  it,  and  here  the  public  puts  up  most  of  the 
capital  and  makes  a  present  of  it  to  the  capitalist,  not  only  getting 
nothing  in  return  for  it  except  the  improved  service,  but  also  paying 
rates  large  enough  to  cover  dividends  on  the  gift  as  well  as  on  the 
capitalist's  actual  investment.  If  prevailing  methods  are  persisted 
in,  the  logic  of  the  situation  will  force  an  answer  to  this  question, 
in  financing  a  railroad,  if  the  rate-payers  are  to  furnish  the  lion's 
share  of  the  capital  anyway,  what  is  the  use  of  having  any  stockholders 
at  all?     They  are  merely  an  incumbrance. 

About  such  a  state  of  affairs  comment  is  superfluous ;  a  completi^ 
change  in  the  system  is  called  for.  The  reform  has  been  well  inaugu- 
rated by  the  authoritative  movement  to  obtain  a  careful  and  complete 
physical  valuation  of  railroad  properties,  and  this  movement  should 
have  the  earnest  and  candid  support  of  all  who  are  interested  to  see 
better  times  for  the  railroads  as  well  as  for  the  communities  they 
serve.  With  the  knowledge  thus  gained,  the  next  step  will  be  to  elimi- 
nate the  load  of  over-capitalization  now  carried  and  to  begin  retiring 
bond  issvies  out  of  the  earnings,  in.stcad  of  refunding  them  and  allow- 
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ing-  tlieir  share  of  the  earnings  to  pass  to  the  stockholders.     The  chiss    ^  Mr. 
which  has  so  long  been  getting  something  for  nothing  must  be  taught 
by  the  removal  of  such  opjiortunities  to  be  satisfied  with  a  fair  return 
on  its  investment. 

Alexander  C.  Humphreys,  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr. 
writer  is  in  complete  agreement  with  Mr.  Wilgus'  statement  that  the  phreys. 
task  of  valuing  the  railroads  of  the  United  States  is  Herculean.  He 
has  seen  nothing  to  lead  him  to  think  that  our  politicians  have  aJiy 
adequate  conception  of  the  magnitude  and  the  almost,  if  not  quite, 
insurmountable  obstacles  in  the  way  of  a  competent  solution  of  all 
the  questions  involved. 

There  have  been  some  expressions  from  the  Commission  charged 
with  the  chief  responsibility,  to  indicate  that  even  its  members  do  not 
fully  appreciate  the  grave  responsibility  which  rests  on  them. 

In  addition  to  the  inherent  difficulties,  one  has  to  face  what  the 
writer  believes  is  a  too  common  fault  in  the  United  States  to-day,  fear 
— on  the  part  of  those  directly  interested — of  criticism  and  denuncia- 
tion from  an  uninformed  and  prejudiced  public. 

Already  men  have  been  appointed  to  positions  of  influence  in  con- 
nection with  this  work  who  have  demonstrated  that  they  are  incom- 
petent, and,  what  is  worse,  are  willing  and  able  to  labor  for  the  de- 
struction of  legitimate  property  rights. 

This  and  much  more  that  might  be  said  indicates  that  we  have 
not  to-day  in  the  United  States  a  proper  background  for  these  ap- 
praisals. There  is  need  of  an  effective  scheme  of  public  education, 
not  by  indirection,  but  frank,  fearless,  and  in  the  open. 

Our  Courts,  public  officials,  and  professors  and  students  of  eco- 
nomics should  be  included  in  the  classes  of  those  to  be  educated.  The 
conflicting  and  often  faulty  opinions  delivered  by  our  Commissions 
and  our  State  and  Federal  Courts  demonstrate  that  we  of  the  laity 
must  not  submit  too  subserviently  to  the  opinions  and  decisions  wliich 
are  quoted  for  our  control.  We  may  have  to  submit  temporarily 
in  cases  at  issue,  but  we  should  never  surrender  our  beliefs  where 
we  know  that  we,  as  engineers,  are  more  completely  and  accurately 
informed  than  the  theorists  who  attempt  to  control  us.  We  must 
patiently,  persistently,  courageously,  and  openly  combat  the  theories 
which  we  believe  to  be  founded  in  error  or  on  an  incomplete  survey  of 
all  the  questions  involved. 

In  order  to  meet  those  who  are  thus  engaged  in  controlling  the 
situation,  however,  we  must  be  more  at  one  among  ourselves.  The 
fact  is  that  on  some  of  the  questions  at  issue  engineers  are  not  in 
complete  agreement. 

Thus  the  Commissions  and  Courts  are  given  the  opportunity  to 
choose  between  opinions   at   variance,   and   so  are  encouraged  to  pick 


1904     DISCUSSION  ON   PHYSICAL  VALUATION   OF   RAILROADS      [Papers. 

Mr.     and  choose,  item  by  item,  until  there  is  consolidated  all  possible  fea- 
phreys.  tures    which    are    unfavorable    to    a    fair    solution    of    this    valuation 
problem. 

Another  obstacle  to  a  fair  and  consistent  system  of  valuation  is 
pointed  out  by  Mr,  Wilgus :  the  widely  varying  laws  of  the  several 
States,  not  to  speak  of  the  widely  varying  interpretation  of  these,  often 
ambiguous,  laws. 

Unquestionably,  Mr.  Wilgus  is  correct  when  he  states  that,  as  a 
general  proposition,  valuations  cannot  be  determined  accurately  and 
fairly  through  reference  to  the  records  and  books  of  account  extending 
back  through  the  years.  It  is  not  difficult  to  explain,  to  those  qualified 
to  understand,  why  this  is  the  fact — but  the  fact  has  to  be  met,  apart 
from  the  question  of  an  adequate  reason  therefor. 

Nothing  could  be  further  from  the  truth  that,  because  a  railroad 
or  any  property  of  magnitude  can  be  inventoried,  even  if  accurately 
and  completely  inventoried,  the  valuation  can  be  determined  by  the 
inclusion  of  the  items  thus  inventoried.  Omissions  and  contingencies 
are  not  thus  covered.  Surely  no  engineer  who  ha.s  had  any  broad 
experience  in  construction  could  honestly  so  claim. 

It  is  often  the  contingencies,  lost  to  sight  in  the  completed  work, 
which  add  materially  to  the  cost,  and  this  outside  of  such  overhead 
charges  as  preliminary  or  initiation  expense,  interest  during  construc- 
tion, administrative  expense,  cost  of  procuring  capital,  etc.,  etc.  For 
instance,  if  an  appraisal  should  be  made  ten  years  from  now  of  the 
New  York  Central  Terminal,  would  an  inventory  of  the  existing 
structures  disclose  the  legitimate  and  necessary  cost  of  this  great 
undertaking^     This  point  is  well  developed  in  this  paper. 

One  of  the  most  difficult  features  involved  in  public  service  ap- 
praisals is  that  of  depreciation.  This  subject  is  misunderstood  by 
many  who  claim  the  right  to  speak  authoritatively  thereon. 

If  the  accounts  are  accurately  kept,  so  that  proper  discrimination 
is  maintained  between  charges  to  construction  and  to  maintenance, 
no  deduction  should  be  made  for  depreciation  from  cost  to  reproduce 
new. 

Troubles  in  this  matter  have,  no  doubt,  in  part  been  occasioned 
by  the  more  conservative  practice  of  late  in  keeping  accounts  so  as 
to  spread  the  cost  of  final  renewals  (''depreciation'')  more  uniformly 
over  the  period  benefited.  This  leads  those  on  the  outside — and  some- 
times those  on  the  inside — to  think  that  we  should  deduct  the  assumed 
or  estimated  accrued  depreciation  from  cost  of  plant.  A  depreciation 
reserve  is  required  only  to  point  out  to  us  year  by  year  that  there 
may  be  certain  charges  against  income  not  shown  by  the  current  ex- 
penditures and  so  warning  us  not  to  over-estimate  our  profits;  but, 
if  final   renewals  have  not  been   eared  for  completely   in  the   current 
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expenditures,  then  there  is  the  liability  therefor,  resting  against  the  Mr. 
proprietors,  which  must  be  met  when  parts  of  the  plant  come  to  be  phreys. 
renewed.  All  repairs  and  all  renewals,  whether  current  or  deferred, 
are  chargeable  against  income,  and  so  must  be  met  by  the  rates.  In 
the  case  of  a  public  utility,  adequately  maintained  and  rendering 
efficient  service  to  the  piiblic,  to  deduct  for  accrued  depreciation  ac- 
cording to  the  practice  of  some  of  our  theorists,  necessarily  results  in 
confiscation  of  investment. 

Certain  appraisers  of  reputation  have  taken  the  ground  that  if, 
for  instance,  railroad  ties  have  an  effective  life  of  10  years,  and  one- 
tenth  of  the  total  number  is  renewed  each  year,  there  is  no  need  for 
a  depreciation  reserve,  but  the  value  of  these  ties  as  a  whole  should 
be  depreciated  50  per  cent.  J^othing,  according  to  the  writer's  way 
of  thinking,  could  be  more  fallacious.  The  property,  as  far  as  this  item 
is  concerned,  is  thus  maintained  at  maximum  efficiency.  What  more 
could  be  done?  Why  then  should  one-half  of  this  portion  of  the  in- 
vestment be  confiscated?  If  so  ordered,  then  we  should  be  permitted 
to  include  a  like  amount  as  one  of  the  overhead  charges.  If  such 
an  elimination  is  a  necessary  feature  of  railroad  operation,  then  this 
is  a  legitimate  item  of  cost. 

Those  who  have  not  studied  this  subject  carefully  seem  to  think 
that  because  we  should  expect  to  allow,  if  we  were  selling,  and  should 
expect  to  claim,  if  we  were  buying,  an  allowance  to  be  deducted  from 
the  purchase  price  to  cover  estimated  accrued  depreciation,  therefore 
depreciation  should  be  deducted  in  an  appraisal  for  rate-making.  On 
the  contrary,  the  reason  for  such  an  allowance  for  depreciation  in 
case  of  purchase  and  sale,  furnishes  the  reason  for  not  deducting  it 
from  an  appraisal  of  cost  new;  for  this  indicates  that  there  is  the 
assumption  on  the  part  of  the  purchaser  of  a  liability  resting  on 
the  present  owner.  This  is  well  set  out  in  Mr.  Wilgus'  concluding 
paragraph. 

This  feature  of  depreciation  the  writer  has  treated  at  length  in  a 
recent  paper.* 

In  conclusion,  the  writer  desires  to  state  that  we,  the  Engineers 
of  the  United  States,  must  appreciate  that  on  us  rests  the  grave 
responsibility  of  protecting  the  innocent  investor,  the  widow  and 
orphan,  from  spoliation  at  the  hands  of  honest  and  dishonest  inter- 
l)reters  of  the  laws  of  our  country — Federal  and  State. 

J.  II.  Gandolfo,  Assoc.  M.  Am.  See.  C.  E.  (by  letter). — The  prob-       Mr. 
lem  of  obtaining  the  physical  valuation  of  the  railroads  of  the  United  ^^nt'olfo. 
States  is  probably  one  of  the  most  important  relating  to  public  ser- 
vice corporations  and  properties  that  has  ever  been  undertaken;   and 
the  question  of  rate-making,  whether  founded  on  the  results  obtained 

♦  ■'  Depreciation  :  Estimated  and  Actual,"  read  before  tlie  Institution  of  Gas  Engineers 
of  Oreat  Britain. 
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Mr.  from  physical  valuation  or  not,  is  dependent  on  so  many  questions, 
both  economic  and  financial,  as  to  make  it  very  difficult  to  discuss 
the  matter  within  the  limits  of  a  single  a.rticle. 

To  investigate  this  matter  of  valuation  and  rate-making  properly,  it 
is  necessary  to  study  the  historical  development  of  the  railroads  from 
their  beginning,  and  then  to  analyze  the  entire  question  according 
to  the  principles  of  economics.  This  necessitates  looking  at  the  prob- 
lem in  a  vs^ay  very  different  from  the  generally  accepted  financial 
viewpoint. 

Mr.  Wilgus  attempts  to  show  that,  from  every  point  of  view,  the 
only  just  and  equitable  valuation  to  be  placed  on  railroads  for  rate- 
making  purposes,  is  that  of  replacement  value  new;  but  are  his  prem- 
ises correct  in  this  argument,  and  is  replacement  value  new  the  log'i- 
cal  figure  to  be  used  for  this  purpose?  Would  such  a  basis  of  calcula- 
tion be  just  and  equitable  to  the  railroads,  as  well  as  to  those  who 
must  pay  the  rates  ? 

When  a  physical  valuation  is  undertaken,  no  matter  for  what  pur- 
pose, there  is  no  doubt  that  the  replacement  value  new  should  be  esti- 
mated, taking  the  average  cost  of  materials  and  labor  for  the  five 
previous  years,  as  is  usually  done;  but  the  actual  cost  to  date  should 
also  be  determined,  by  reference  to  records  which  may  be  available. 
or,  if  not,  by  reconstructing  all  conditions  as  they  existed  at  the  time 
of  the  building  of  the  road.  The  depreciation  of  the  various  elements 
entering  into  such  a  property  should  also  be  estimated  at  the  same 
time.  These  three  items  can  thus  be  determined  simultaneously  at 
very  little  more  cost  than  that  necessary  to  obtain  any  one  of  them 
alone,  and  at  infinitely  less  cost  than  would  be  necessary  to  obtain 
each  one  separately.  In  fact,  it  may  be  said  that  for  all  practical 
purposes  it  is  necessary  to  obtain  all  three  of  these  items  as  a  basis 
for  study  and  comparison. 

Referring  to  the  sale  value  of  the  various  elements  entering  into 
the  construction  of  a  railroad,  such  valuation  is  productive  of  no  re- 
sults except,  perhaps,  as  a  very  poor,  makeshift  basis  for  taxation.  If 
quantities  of  materials  such  as  go  to  make  up  a  railroad,  were  sud- 
denly thrown  on  the  market,  it  would  in  most  cases  at  once  depress 
the  second-hand  price  of  each,  and  thus  create  a  price  far  below  even 
the  ordinary  sale  value.  On  the  other  hand,  even  taking  the  market 
sale  value  for  estimating  purposes  would,  as  Mr.  Wilgus  points  out, 
by  no  means  give  any  idea  whatever  as  to  the  actual  values  or  actual 
costs  of  railroad  property.  As  for  the  sale  value  of  a  railroad  as  a 
whole,  such  a.  quantity  may  be  said  not  to  exist,  as  there  are  no  buyers 
for  such  properties  in  the  open  market.  When  such  a  property  has 
been  offered  for  sale,  it  has  been  bought  in  by  a  syndicate  composed 
more  or  less  of  interested  parties,  and  at  its  own  price. 
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On  pagi"  1111.*  the  author  statt^s  tliat  it  would  be  a  very  difficult       Mr. 

.  ,  ,.   ,,  .    .       ,  ,.     ,  -11  J.  Crandolfo. 

matter  to  get  any  idea  ot  the  original  cost  ot  the  railroads  on  account 

of  the  non-existence  of  records  on  the  subject,  and  gives  this  lack  of 
records  as  an  argument  as  to  why  original  cost  to  date  should  not 
be  obtained  and  used.  The  more  difficulty  of  arriving  at  a  result 
is  surely  no  excuse  for  not  doing  the  work.  It  is  only  a  matter  of 
more  time  and  patience,  to  go  back  and,  with  figur&s  based  on  known 
lirices  for  labor  and  materials  of  the  period,  reconstruct  a  road  built 
fifty  or  more  years  ago,  than  it  is  to  reconstruct  the  road  under  present- 
day  conditions. 

Also,  at  various  places,  the  author  mentions  different  items  of 
expense  in  the  planning  and  construction  of  a  railroad,  which  he 
seems  to  fear  might  be  omitted  in  a  physical  valuation.  On  page 
1112*  he  says:  "Reconnaissances,  preliminary  surveys,  and  estimates 
of  cost,  revenue,  and  profits  are  needed  *  *  *",  and,  on  page  HIT,* 
various  construction  items  are  referred  to  as  matters  which  should  not 
be  overlooked.  It  is  difficult  to  conceive  that  any  one  engaged  in 
a  valuation  or  appraisal  of  a  railroad,  except  the  merest  tyro  at  the 
business,  would  fail  to  take  cognizance  of  such  items.  The  cost  of 
all  preliminarj'  work,  of  whatever  nature  (including  promoting),  and 
the  cost  of  all  construction  work,  should  be  estimated,  no  matter  for 
what  purpose  the  valuation  is  being  made.  One  might  as  well  try 
ti)  estimate  the  cost  of  concrete  in  place,  and  say  the  cost  of  the  form 
work  should  not  be  taken  into  account. 

When  it  comes  to  including  in  the  physical  valuation  the  cost  of 
what  -Mr.  Wilgus  calls  "the  educational  and  development  stage",  how- 
ever, the  writer  fails  to  see  why  such  expenses  should  be  estimated 
for  this  purpose.  This  matter  is  purely  one  of  operation,  and  the 
obligations  which  it  was  necessary  to  issue  in  order  to  obtain  working 
capital  in  the  early  stages  of  a  railroad,  should  have  been  paid  off 
from  profits,  and  a  fund  kept  for  this  purpose  from  accrued  profits. 
On  page  1113*  the  author  says,  "under  the  most  favorable  auspices,  it 
usually  lasts  for  several  years".  If  a  railroad  is  proi)erly  run  and 
properly  managed,  the  educational  and  development  stage  never  ceases. 
For  instance,  the  training  and  education  of  employees  for  their  various 
duties  never  end.  The  study  of  places  where  economies  can  be 
practiced  is  something  which  should  be  in  the  mind  of  every  one  con- 
nected with  a  railroad  at  all  times.  The  attempt  of  the  Advertising 
Department  to  induce  more  and  more  travel,  both  freight  and  pas- 
senger, to  patronize  a  given  road,  is  also  a  never-ending  work.  As 
far  as  "errors  of  design  and  construction,  as  developed  by  operation," 
are  concerned,  these  should  be  paid  for  out  of  profits,  if  there  is  money 
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Mr.  to  pay  for  the  work,  because  there  is  practically  no  limit  to  which 
such  changes  can  be  carried.  To-day,  expensive  tunnels,  long  cut-offs, 
great  trestles,  deep  fills,  and  heavy  bridges,  are  being  constructed  on 
various  railroads,  simply  to  correct  just  such  errors  of  design  and 
construction;  and  if  such  corrections  and  betterments  are  to  be  capi- 
talized as  new  development,  what  security  is  left  for  the  obligations 
already  issued  against  the  original  and  now  abandoned  work?  Of 
course,  it  must  also  be  taken  into  consideration  that  improvements 
are  often  made  for  the  purpose  of  handling  increasing  traffic  and 
steadily  increasing  weights  and  loads  of  rolling  stock.  In  all  such 
cases,  the  only  thing  to  do  is  to  take  the  difference  in  cost  between 
the  old  work  and  the  new  (if  the  cost  of  this  new  work  is  greater), 
and  charge  it  to  physical  valuation.  To  illustrate  this  by  a  concrete 
case,  assume  a  bridge,  the  original  cost  of  which,  complete,  was 
$100  000.  Now,  assume  that  this  bridge  is  replaced  by  one  costing 
$200  000,  either  to  correct  some  error  in  original  design,  or  to  pro- 
vide for  more  or  heavier  traffic.  Such  a  structure  must  be  included 
in  the  valuation  at  its  cost  of  $200  000,  or  $100  000  added  to  the  orig- 
inal valuation  of  the  road;  but  by  no  means  should  the  total  amount 
of  both  structures,  or  $300  000,  be  included  in  any  valuation,  or  obli- 
gations issued  against  this  latter  amount,  as  has  so  often  been  done 
in  the  past.  Thus,  it  can  easily  be  seen  that  the  engineer  who  at- 
tempted to  include  any  such  feature  as  this,  of  the  educational  and 
development  stage,  in  a  physical  valuation,  either  for  original  cost 
to  date,  or  replacement  value  new,  would  be  confronted  by  a  peculiar 
problem.  He  would  not  know  where  to  begin,  or  where  to  leave  off. 
It  would  be  simply  a  matter  of  personal  opinion  as  to  what  and  how 
much  to  include  to  cover  some  arbitrary  period. 

Furthermore,  in  this  connection,  it  is  to  be  remembered  that,  like 
everything  else,  railroading  has  been  a  slow  growth,  and  that  it  has 
not  been  necessary  to  organize  forces  from  absolutely  ignorant  mate- 
rial to  handle  the  complicated  equipment  and  traffic  of  to-day.  The 
transition  from  the  small  systems  beginning  in  England  in  1825, 
with  a  few  miles  of  track,  equipped  with  tiny  ears  and  8-ton  loco- 
motives, to  the  great  transcontinental  lines  of  to-day,  with  thousands 
of  miles  of  track,  cars  with  a  capacity  of  110  000  lb.,  and  great  Mallet 
compound  locomotives,  was  not  made  in  a  single  stride.  It  was  a 
slow  development,  and  the  operating  force  was  gradually  trained  and 
organized  to  meet  the  conditions  as  they  arose.  And,  further,  if  it 
could  be  imagined  that  a  great  railroad  system  was  to  be  created 
new,  to-day,  with  miles  of  track,  modem  equipment,  and  great  ter- 
minals, even  then,  it  would  not  be  necessary  to  organize  a  new  force 
from   raw  material.     All  the   men   holding  positions   of  any  moment 
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would  be  obtained  from  otber  railroads.  A  few  years  ago,  the  writer  Mr. 
was  connected  with  a  new  railroad  while  the  operating  force  was  being 
organized,  and  all  the  men  in  positions  of  any  importance,  including 
such  as  general  superintendent,  shop  superintendent,  heads  of  all 
operating  divisions,  etc.,  and.  also,  in  many  cases,  the  subordinates, 
were  obtained  from  other  roads. 

In  regard  to  cost  of  reproduction  loss  depreciation,  it  does  not 
seem  as  if  any  allowance  should  be  made  for  depreciation,  either  in 
an  original  cost-to-date  valuation,  or  cost  of  reproduction  new,  as- 
suming, of  course,  that  the  road  has  been  kept  in  first-class  condition; 
that  an  amortization  fund  has  been  provided  for,  to  meet  all  maturing 
obligations;  and  that  some  provision  has  also  been  made  for  ob- 
solescence. If  such  items  have  not  been  fully  provided  for,  then 
the  question  of  depreciation  may  become  a  ver^'^  important  one,  and 
must  be  given  very  careful  consideration,  with  special  attention  to 
the  object  for  which  the  valuation  is  being  made.  This  can  be  made 
clear  by  referring  to  the  coal  pocket  mentioned  by  the  author  on 
page  1114.*  If  a  physical  valuation  had  been  made  of  this  property 
tlie  year  before  it  was  to  be  renewed,  and  if  this  item  had  been  in- 
cluded at  its  full  value  of  $600  000,  there  must  have  been  one  of  two 
provisions  made,  as  follows:  Either  an  amortization  fund  must  have 
been  created,  by  which  all  stock,  bonds,  or  other  obligations,  repre- 
senting the  full  value  of  the  coal  pocket,  will  be  retired  at  the  end 
of  the  next  year,  so  that  new  obligations  can  be  issued  to  pay  for 
the  new  work;  or,  if  the  obligations  against  the  full  value  of  the 
coal  pocket  are  not  to  be  paid  off,  there  must  be  some  fund,  which, 
at  the  end  of  the  next  year,  will  amount  to  $600  000  in  cash,  so  that 
the  new  coal  pocket  can  be  paid  for  without  issuing  any  further  obli- 
gations. Otherwise,  if  no  such  provisions  have  been  made,  the  coal 
pocket  must  be  included  in  the  valuation  simply  at  its  present  value. 

This  case  illustrates  another  method  which  may  be  used  to  esti- 
mate depreciation,  and  that  is.  when  the  physical  valuation  is  being 
made,  to  estimate  the  amount,  in  a  lump  sum,  which  it  would  take 
to  put  each  item  in  first-class  condition  for  the  uses  for  which  it 
was  intended,  and  then  to  deduct  this  amount  from  the  actual  cost 
or  replacement  cost,  whichever  plan  is  being  followed.  This  method 
of  estimating  depreciation  has  its  advantages  in  that  it  eliminates 
assumptions  and  estimates,  as  to  the  probable  life  of  a  structure; 
but,  on  the  other  hand,  it  has  its  disadvantages,  inasmuch  as  it  only 
applies  strictly  to  present-day  values,  and  takes  no  account  of  the 
fact  that  depreciation  is  apt  to  be  more  rapid  in  the  later  years  of 
the  life  of  any  structure.     This  is  one  of  the  reasons  why  the  wi'iter 
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Mr.  stated  in  his  opening  paragraphs,  that  values  for  depreciation  should 
'  be  determined  for  purposes  of  comparison  and  study. 

On  page  1115,*  in  discussing  land  values  in  regard  to  "original 
cost"  valuation,  Mr.  Wilgus  says,  "it  ignores  the  increment  that  is 
enjoyed  by  all  other  property  owners  through  increase  in  the  popula- 
tion and  prosperity  of  the  country";  but,  in  this  connection,  Mr. 
Wilgus  seems  to  ignore  the  following  fact.  A  railroad,  or,  in  fact, 
any  other  public  service  corporation,  does  not  occupy  the  same  posi- 
tion, relatively  to  the  public,  or  to  the  State,  as  a'  private  citizen.  A 
corporation  has  no  being  and  no  existence  until  created  by  the  grant- 
ing of  its  charter  by  the  State,  which  charter  defines  in  just  what 
direction  the  corporation  is  to  exercise  its  functions.  A  railroad  cor- 
poration is  thus  granted  rights,  privileges,  and  immunities  by  the 
State,  which  are  not  accorded  to  the  individual.  It  is  a  fundamental 
axiom  of  both  law  and  economics  that  something  cannot  be  obtained 
for  nothing,  and  thus,  in  return  for  these  grants,  the  railroad  must 
give  up  some  things  to  the  State,  which  the  latter  cannot  demand 
from  the  individual.  In  regard  to  this  question  of  land,  it  must 
be  remembered  that,  especially  in  the  early  days  of  railroading  in 
the  United  States,  large  gi-ants  of  land  were  made  to  these  corpora- 
tions by  the  State,  either  without  any  compensation  whatever,  or  at 
a  merely  nominal  figure.  It  is  not  equitable  that  the  present  genera- 
tion, having  lost  this  land  through  no  fault  of  their  own,  should  now 
in  addition  be  indirectly  taxed  for  what  their  ancestors  gave  aAvay 
without  compensation. 

In  the  following  paragraphs  the  writer  wishes  to  point  out  some 
additional  anomalies  and  contradictions  which  would  occur  if  the 
replacement  value  new  was  used  as  a  basis  for  rate-making  purposes. 

According  to  an  old  print,  the  great  Tring  cutting,  made  in  1837, 
on  the  London  and  North  Western  Railway,  was  excavated  by  hand, 
and  the  spoil  was  removed  in  hand-barrows,  guided  by  men,  and  pulled 
up  inclines  on  the  sides  of  the  cutting  by  ropes  passing  over  pulleys  and 
worked  by  horse-power.  In  estimating  such  a  piece  of  work  for  replace- 
ment value  new,  should  these  conditions  be  duplicated,  only  with  pres- 
ent-day prices  for  labor  and  material,  or  should  modern  steam-shovel 
conditions  prevail?  It  seems  to  the  writer  that,  in  a  case  like  this, 
the  railroad  might  find  that,  in  spite  of  high  labor  and  material  prices, 
the  cost  of  such  a  work  would  be  much  less  than  the  original  figure, 
and  thus  be  an  injustice  to  the  company. 

Referring  to  the  temporary  trestle  work  mentioned  by  Mr.  Wilgus 
on  page  1117,*  on  many  of  the  early  roads  in  the  United  States  such 
structures   were   built   of  timber   obtained    along  the   line.     It   surely 
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would  not  he  just  to  estimate  a  value  for  such  a  structure  hased  on       Mr. 
present-day  figures  for  the  labor  and  materials  entering  into  it. 

About  seven  years  ago,  the  cost  of  a  certain  class  of  steelwork, 
erected  in  place,  was  4.07  cents  per  lb.  Since  that  time  this  price 
has  not  been  reached,  but  the  same  class  of  work  has  been  done  as 
low  as  2.87  cents  per  lb.,  or  a  difference  of  29i  per  cent.  It  would 
not  be  just  to  say  to  the  railroad  which  had  paid  the  higher  price, 
"Here,  you  must  reduce  your  capital,  because  the  work  can  now  be 
done  cheaper".  This  money  was  honestly  invested,  and  it  would  be 
unjust  to  wipe  out  a  part  of  such  invested  capital. 

Another  objection  against  replacement  value  new  for  rate-making 
purposes,  is  that  it  would  be  a  constantly  varying  quantity,  whereas 
original  cost  to  date  would  only  have  to  be  corrected  for  such  additions 
and  betterments  as  were  added  from  time  to  time. 

In  conclusion,  it  seems  to  the  writer  that  for  rate-making  pur- 
poses, the  total  cost  of  the  work  to  date,  is  the  figure  to  be  obtained. 
This  figure  represents  the  actual  amount  of  capital  invested  in  the 
enterprise.  It  may  be  argued  that  some  railroads  have  depreciated, 
instead  of  appreciated,  in  value,  and  that  no  rate  could  be  fixed, 
which  w'ould  give  a  fair  return  on  the  investment.  This  is  true,  but 
in  such  a  case  the  enterprise  is  not  a  success,  the  company  is  in- 
solvent, and  should  be  treated  as  such. 

It  maj'  also  be  argued,  as  Mr.  Wilgus  indicates,  that  this  method 
of  valuation  puts  the  older  roads  in  a  much  more  favorable  position 
than  those  built  at  a  later  date.  This  is  also  true,  but  it  was  a  ques- 
tion for  the  promotors  and  builders  of  these  later  roads  to  consider 
in  their  preliminary  estimates,  not  for  the  State  and  the  people  to 
consider  now. 
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F.  R.  Harris,  M.  Am.  Soc.  C.  E. — The  information  in  this  paper    Mr. 
is  of  the  greatest  value,  especially  as  so  little  on  this  subject  is  to  be 
found  in  technical  literature.     Mr.   Staniford  deserves  hearty  thanks 
for  his  effort  to  enlighten  the  Profession  as  to  the  current  practice 
of  the  Department  of  Docks  and  Ferries  of  New  York  City. 

The  speaker  has  had  some  experience  in  the  design  and  construc- 
tion of  wharves  and  piers  at  various  ports  on  the  Atlantic  Coast, 
especially  in  New  York  Plarbor,  and  feels  that  it  is  his  duty  to  invite 
attention  to  certain  parts  of  this  paper,  as  his  investigations  have  shown 
that  the  conclusions  arrived  at  and  implied  by  Mr.  Staniford  are  not 
entirely  beyond  question  and  challenge. 

Aboi;t  four  years  ago,  the  speaker  made  a  thorough  investigation 
of  certain  projected  pier  or  wharf  construction  at  the  New  York  Navy 
Yard.  Several  such  wharves  had  been  built  there,  and,  under  a  project 
for  the  development  of  the  Yard  and  the  improvement  of  the  water- 
front, two  more  were  projected,  with  the  probability  that  these  would 
be  followed  by  the  construction  of  five  others.  Another  wharf,  designed 
by  the  speaker,  of  the  general  type  which  had  been  used  at  the  Navy 
Yard  for  some  time,  was  just  being  completed. 

Being  familiar  with  the  current  practice  of  the  Department  of 
Docks  and  Ferries,  he  made  a  careful  investigation  of  the  design 
then  used  by  that  Department,  particularly  the  concrete  deck  on  timber 
piles  and  caps.  It  seemed  especially  desirable  to  use  such  a  design 
on  account  of  its  reputed  economy  in  first  cost  and  its  apparent  advan- 
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Mr,  tage  in  being  fire-retarding-.  The  results  of  this  investigation  were 
not  entirely  in  harmony  with  the  conclusions  set  forth  in  this  paper. 

It  was  found  that  the  cost  of  a  concrete  deck  wharf  would  exceed 
that  of  a  timber  deck  wharf,  this  conclusion  being  reached  in  spite  of 
the  contract  price  obtaining  on  the  City  piers  at  South  Brooklyn.  The 
speaker  interviewed  the  contractor  for  some  of  these  piers,  and  learned 
that  the  price  at  which  they  were  being  built  was  not  a  fair  criterion 
as  the  cost  was  considerably  in  excess  of  the  sum  the  contractor  was 
receiving.  This  served  to  confirm  the  estimates  which  had  been  made, 
particularly  when  the  figures  were  taken  up  with  various  contractors. 
It  became  evident  that,  if  bids  were  invited  for  piers  or  wharves 
with  a  concrete  deck,  and  an  alternate  with  a  4-in.  deck  and  3-in. 
sheathing  on  top  of  it,  the  cost  of  the  concrete  pier  would  be 
higher  by  about  25  cents  per  sq.  ft.  The  cost  of  the  substructure — 
the  piles  and  caps— would  be  practically  the  same  in  both  types,  with 
a  slight  modification  which  will  be  mentioned  later.  The  super- 
structure, which  could  be  considered  as  the  deck  structure,  would 
consist  of  rangers,  4-in.  decking,  and  3-in.  sheathing,  in  the  case  of 
timber  wharves;  of  lOi  in.  of  concrete  and  2  in.  of  asphalt  paving, 
in  the  concrete  deck  wharf.  The  lumber  in  the  timber  deck  wharf 
would  be  about  8^  ft.  b.  m.  per  sq.  ft.,  which,  at  $42  per  thousand 
($35  for  lumber  and  $7  for  labor),  would  amount  to  35.7  cents  per 
sq.  ft.  This  should  be  compared  with  0.03  cu.  yd.  of  reinforced  con- 
crete and  1  sq.  ft.  of  asphalt,  in  the  concrete  deck  wharf,  estimated 
at  60  cents  per  sq.  ft.,  or  about  25  cents  per  sq.  ft.  more  than  the 
timber  deck  wharf,  which  is  an  additional  item  in  favor  of  the  latter. 

The  deck  structure  of  the  concrete  deck  wharf  would  weigh  prac- 
tically 150  lb.  per  sq.  ft.,  thereby  decreasing  its  live-load  carrying 
capacity  to  that  extent;  the  timber  involved  would  only  weigh  34  lb. 
per  sq.  ft.,  showing  that  the  timber  wharves  would  have  a  carrying 
capacity  of  116  lb.  per  sq.  ft.  in  excess  of  what  the  same  foundation 
would  carry  with  a  different  type  of  deck.  Therefore,  in  order  to  make 
the  two  systems  comparable,  additional  piles,  and  probably  caps,  would 
have  to  be  provided  in  the  concrete  deck  wharf,  making  the  differ- 
ence in  cost  even  more  favorable  for  the  timber  deck  wharf.  The 
speaker  fully  appreciates  the  fact  that  special  conditions  in  taking 
care  of  the  transportation  and  shipping  of  valuable  materials  in  New 
York  City  involve  fire  risk  and  insurance,  and  that  probably  on  this 
account  the  Department  of  Docks  and  Ferries  was  well  w^arranted  in 
substituting  the  concrete  deck  for  the  timber  deck;  and  although  this 
reason  alone  justifies  its  use,  it  is  misleading  to  justify  it  on  the  basis 
of  cost  and  economy. 

As  an  objection  to  timber  deck  wharf  construction,  Mr.  Staniford 
has  mentioned  the  necessity  of  repairing  and  relaying  the  deck  sheath- 


Papers.]   DISCUSSION:  TIER  CONSTRUCTION  IN  NEW  YORK  HARBOR  1915 

iner  on  account  of  its  destruction  by  traffic.  The  speaker  is  also  Mr. 
impelled  to  question  the  implication  that  this  timber  deck  sheathing 
would  have  to  be  replaced  more  frequently  than  the  asphalt  wearing 
surface.  From  his  experience  with  asphalt  pavements,  he  is  inclined  to 
believe  that  a  3-in.  deck  sheathing  would  outlast  the  asphalt  wearing 
surface,  and — even  if  this  conclusion  were  not  entirely  correct — 
rhat  it  would  be  cheaper  to  repair  or  replace  the  3-in.  deck  sheathing 
than  the  asphalt  pavement  wearing  surface. 

Repairs  is  a  very  important  item,  when  wharves  are  not  of  a 
permanent  type,  as  is  the  case  with  those  on  timber  piles  and  having 
either  concrete  or  timber  decks.  As  Mr.  Staniford  states,  it  is  neces- 
sary, at  intervals,  to  replace  piles  and  caps,  such  repair  being  caused 
by  decay  from  mean  tide  up,  except,  of  course,  in  harbors  where 
marine  borers  are  found,  where  a  timber  pile  wharf  of  any  type  can- 
not be  considered  in  any  way  a  permanent  structure.  The  destruction 
of  caps  and  stringers  by  rot  requires  serious  consideration,  especially 
as  there  is  a  tendency  from  year  to  year  to  deliver  commercial  timber 
of  poorer  quality,  containing  more  sap.  It  is  a  well-known  fact  that 
inspection  rules  in  relation  to  commercial  lumber  have  become  less  and 
less  rigid  in  recent  years.  A  wooden  deck  wharf  is  not  considered  a 
permanent  structure,  and  frequent  repairs  and  replacement  of  the 
timber  work  and  the  pile^s  are  expected.  These  are  readily  made,  as 
it  is  not  difficult  to  remove  the  deck,  replace  caps,  or  drive  additional 
piles.  The  speaker  understands  that  a  concrete  deck  wharf  is  con- 
sidered by  the  Department  of  Docks  and  Ferries  as  more  permanent, 
although  why  it  should  be  he  cannot  comprehend,  because  it  is  apparent 
that  the  timber  piles  will  need  repair  and  replacement  just  as  often 
as  in  the  timber  deck  type ;  the  pile  caps  also  will  need  replacement 
just  as  often,  and  probably  oftener,  because  the  concrete  slab  will 
tend  to  keep  the  tops  of  these  caps  damp  and  in  a  condition  to  invite 
rapid  decay.  It  will  be  extremely  difficult  to  make  repairs  on  one  of 
these  wharves.  The  speaker  need  not  compare  the  task  of  removing 
timber  ])lanking  with  that  of  removing  a  lOJ-in.  reinforced  concrete 
slab.  The  expense  of  cutting  through  such  a  slab,  with  its  reinforce- 
ment, will  be  considerable.  It  is  understood  that  wharves  of  this  type 
have  not  been  in  use  long  enough  to  have  required  repair,  but,  when 
such  repairs  are  necessary,  there  is  no  doubt  that  the  difficulty  will 
convince  the  Department  of  Docks  and  Ferries  that  a  permanent  deck 
structure  on  a  temporary  foundation  is  not  the  very  best  type  to  adopt. 

There  seems  to  be  a  generally  accepted  opinion  that  there  are 
no  marine  borers  in  New  York  Harbor.  This  is  an  error.  Marine 
borers  arc  found  in  the  Lower  Harbor,  and,  perhaps,  under  certain 
conditions,  which  are  likely  to  develop  with  wind  and  tide,  they  will 
be  found   on    the   South    Brooklyn   shore.      A   wharf  of   the   Navy  De- 
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Mr.  partnient  at  Fort  Lafayette,  constructed  about  10  or  12  years 
ago,  was  examined  recently  by  the  speaker,  and  preparations  were 
made  to  repair  it.  It  was  found  that  in  many  instances  the  piles 
were  entirely  gone,  having  been  destroyed  by  sea  borers,  and  that  the 
caps  and  stringers  were  in  such  a  condition,  on  account  of  rot,  that 
it  would  be  an  economy  to  replace  the  entire  wharf  with  a  new  one. 
In  the  investigation  of  pier  construction  in  the  vicinity  of  New 
York,  with  the  idea  of  adopting  a  type  for  the  Navy  Yard,  as 
previously  stated,  both  kinds  of  wharves  used  by  the  Department  of 
Docks  and  Ferries  were  considered  carefully.  Previous  to  that  time, 
there  had  been  used  in  the  Navy  Yard  a  tyve  consisting  of  a 
pile  platform  at  low  water,  surmounted  at  the  sides  and  ends  by 
masonry  retaining  walls,  the  contained  space  being  filled  with  earth 
compacted  and  paved  over.  The  last  pier  of  this  type — known  as 
Pier  D — designed  and  constructed  under  the  speaker's  supervision, 
cost  about  $3.25  per  sq.  ft.;  this  included  wood  block  paving  on  a 
concrete  foundation,  two  lines  of  standard  gauge  railroad  track  and 
one  line  of  18-ft.  gauge,  40-ton,  crane  track,  and  also  fresh-  and  salt- 
water pipes,  air  pipes,  and  electric  conduits.  In  making  the  study 
referred  to,  an  endeavor  was  made  to  reduce  this  first  cost  and  still 
obtain  a  substantially  permanent  structure.  It  is  apparent,  of  course, 
that  the  pile  foundation  of  such  a  wharf  carries  a  very  heavy  dead 
load,  namely,  the  masonry  retaining  walls  and  the  8  or  9  ft.  of  earth 
filling;  or,  in  other  words,  that  more  than  half  the  foundation  piles 
are  used  in  carrying  a  dead  load,  and  to  that  extent  are  an  absolute 
loss  in  so  far  as  the  live-load  capacity  of  the  wharf  is  concerned. 
The  investigation  and  estimates  established  the  fact  that  a  timber 
wharf  would  cost  about  $1.00  per  sq.  ft.,  and  a  timber  wharf  with  a 
concrete  deck,  $1.25  per  sq.  ft.  The  items  of  maintenance  and  repair 
for  each  type  were  considerable,  and  in  the  case  of  the  concrete  deck, 
the  difiiculty  of  such  maintenance  and  repair,  entirely  eliminated  it  from 
further  consideration.  The  speaker,  consequently,  evolved  a  design  in 
which  he  used  a  reinforced  concrete  deck,  lighter  than  that  of  the  De- 
partment of  Docks  and  Ferries,  but,  to  some  extent,  similar,  and  this 
was  carried  by  reinforced  concrete  columns  resting  on  a  timber  sub- 
structure. The  latter  consisted  of  piles  cut  off  slightly  above  low- 
tide  datum,  and  fastened  to  the  cross-caps  with  oak  tree-nails.  The 
reinforced  concrete  columns  were  cast  on  shore.  The  bases  were 
dovetailed,  let  into  the  caps,  and  wedged  to  them  with  spruce  wedges. 
They  were  also  fastended  by  stringers  or  clamps  which  were  attached 
to  the  caps,  and  the  space  between  the  abutting  longitudinal  clamps 
was  filled  with  3  by  12-in.  chocks  or  filling  pieces.  The  usual  brace 
piles  at  the  side  were  used  in  the  timber  substructure.  All  the  sub- 
.  aqueous  work  was  fastened  and  wedged,  as  far  as  possible,  oak  tree- 
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nails  beiiitr  used  and  metal  fastenings  avoided.  The  designs  were  Mr. 
of  two  types,  one  with  girders  and  beams  to  support  the  concrete  deck 
slabs,  and  the  other  using  the  mushroom  system,  each  column  unit 
being  flared  out  so  as  to  reinforce  the  criss-crossing  of  the  main  deck 
slab  reinforcement.  The  preliminary  estimates  indicated  that  this 
mushroom  type  would  be  less  expensive,  but  the  bids  received  proved 
tliis  to  be  in  error,  and,  therefore,  the  girder-beam  type  was  adopted. 
Two  of  these  piers  have  been  completed.  They  have  a  creosoted  wood- 
lilock  pavement  over  the  concrete  deck  slab,  two  lines  of  standard 
gauge  railroad  track,  one  on  each  side  of  the  wharf,  and  two  lines 
nf  subway,  one  on  each  side  of  the  wharf;  with  fresh-  and  salt-water 
pipes,  pneumatic  lines,  and  telephone  and  electric  conduits  for  cables 
still  to  be  placed.  These  piers  were  estimated  to  cost  $1.60  per  sq. 
ft.,  but  this  was  based  on  the  use  of  piles  65  ft.  long.  On  actually 
proceeding  with  the  preparation  of  detailed  plans,  and  an  investiga- 
tion of  the  site,  it  was  found  that  piles  85  ft.  long  would  be  required, 
and  this,  together  with  the  expense  of  inshore  connections  for  pipe 
work,  railroad  tracks,  etc.,  increased  the  price  of  the  work,  so  that 
the  actual  cost  of  these  two  piers  has  been  $2.04  per  sq.  ft.  After 
the  experience  gained  in  the  construction  of  these  piers,  the  speaker 
is  convinced  that  piers  of  the  size  used  in  New  York  Harbor,  and 
without  the  s;ibway  and  pipe  lines,  track  work,  etc.,  could  be  con- 
structed for  Icj^s  than  $1.G()  per  sq.  ft. 

It  is  apparent  that  piers  of  this  type  may  safely  be  considered 
I>ermanent,  as  far  as  concrete  immersed  in  salt  water  is  permanent. 
Every  precaution  which  experience  at  the  Navy  Yard  could  suggest 
was  taken  to  make  this  concrete  work  permanent,  but  so  much  diffi- 
culty has  been  had  there  with  concrete  in  salt  water  as  to  suggest 
that  this  is  not  a  permanent  material  in  salt  water.  Dry  Dock  No.  2, 
at  the  New  York  Navy  Yard,  was  originally  built  of  timber,  and 
after  very  voluminous  discussion  before  this  Society,  years  ago,  con- 
demning timber  structures  of  this  sort,  was  rebuilt  partly  of  con- 
crete. It  is  now  undergoing  extensive  repair.  Considerable  sums  are 
being  expended  in  replacing  the  facing  of  the  concrete  altars  and  floor, 
which  has  deteriorated  and  disintegrated  to  such  an  extent  that  it  is 
possible  to  use  a  pick  and  shovel  in  removing  the  concrete. 

The  concrete  unit  columns  in  the  wharves  mentioned  were  cast  on 
shore,  a  1 :  2 :  -4  mixture  being  used,  containing  a  water-proofing  com- 
pound. They  were  allowed  to  season  for  some  time  before  being  placed 
in  the  water. 

The  speaker's  principal  motive  in  discussing  this  paper  is  to  call 
attention  to  the  fact  that  the  design  used  by  the  Department  of  Docks 
and  Ferries  is  a  composition  of  a  permanent  and  a  temporary  struc- 
ture.    Special   attention  is   called   to   the  fact  that  it  would  be  diffi- 
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Mr.  cult  or  impossible  to  repair  the  temporary  part — the  foundation  itself — 
*'"'"'^"  without  also  destroying  the  permanent  part,  thus  making  the  entire 
structure  only  temporary.  He  also  desires  to  bring  out  the  fact  that, 
with  slight  additional  expense,  the  permanent  part  of  the  structure 
could  have  been  carried  down  to  mean  tide  level,  thus  making  the 
entire  wharf  permanent,  as  far  as  wharf  structures  of  this  character 
and  of  concrete  can  be  permanent.  In  other  words,  in  the  upper 
part  of  New  York  Harbor,  where  timber  piles  will  not  be  attacked  by 
sea  borers,  and  can  be  considered  permanent  from  low  tide  down, 
the  composition  of  timber  and  concrete,  if  made  as  described  for  the 
Navy  Yard,  furnishes  a  permanent  structure  at  a  low  first  cost.  The 
speaker  gladly  acknowledges  that  the  investigation  made  by  him  first 
brought  to  his  attention  the  inconsistency  in  Mr.  Staniford's  design, 
and  in  an  effort  to  retain  its  good  features  and  at  the  same  time 
avoid  the  expense  of  reinforced  concrete  piles,  he  succeeded  in  evolving 
the  design  he  has  described. 

In  reply  to  Mr.  Snow:  The  speaker  does  not  think  that  conditions 
in  southern  yards  can  be  compared  with  those  in  the  New  York  and 
Boston  Yards.  He  believes  that,  in  southern  waters,  concrete  is  free 
from  deterioration  partly  because  of  the  absence  of  extreme  temper- 
ature changes  which  open  up  hair-like  cracks  in  the  surface,  thus 
permitting  the  entry,  or  the  attack,  of  salt  water.  It  has  also  been 
stated  that  a  gelatinous  substance  forms  on  the  face  of  the  concrete, 
between  high  and  low  water,  and  protects  the  surface.  The  speaker 
believes  that  even  a  very  thin  facing  of  granite  will  protect  a  structure 
from  deterioration,  although  the  joints,  after  a  while,  will  require 
re-pointing. 

Mr.  J.  p.  Snow,  M.  Am.  Soc.  C.  E. — There  are  many  examples  of  con- 
•^ifw.  gj.g^g  construction  in  sea  water  in  Boston  Harbor,  and  in  every  in- 
stance known  to  the  speaker  there  has  been  serious  disintegration  be- 
tween high  and  low  tides.  This  trouble  is  attributed  to  the  action  of 
frost.  The  damage  is  readily  repaired  with  a  cement  gun,  if  not 
allowed  to  become  too  extensive.  It  would  be  of  great  interest  to  ascer- 
tain if  this  sort  of  disintegration  occurs  in  southern  waters  where 
there  is  no  freezing,  and  the  speaker  would  be  glad  to  have  Mr.  Harris 
state,  if  he  knows,  whether  Government  works  of  this  class  suffer  be- 
tween high  and  low  tides  in  southern  hai'bors '( 
Mr.  Tyrrell  B.    Shertzer,  Assoc.  M.  Am.   Soc.   C.  E. — In  1906,  the 

®  ^^'"  concrete  was  placed  for  one  of  the  abutments  of  a  large  highway  bridge 
across  the  Fore  River,  a  branch  of  the  Harbor  of  Portland.  Me.  This 
abutment  was  constructed  with  a  concrete  base,  granite  facing,  and 
concrete  backing.  The  plans  called  for  a  sand-fill  to  be  placed  across 
the  front  and  ends  of  the  structure  to  a  little  above  the  elevation  of 
the  bottom  of  the  granite,  this  fill  to  be  paved  so  as  to  resist  wave 
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Fig.    10. — Disintegration    of    Concrete,    Abutment    ■■Q",    Vatjghan's    Bridge, 

Portland,     Me.      One     Winter's     Exposure.      Concrete     in     Lower     Part 

Protected  by  Sand.    Slope  of  Sand  Fill  Shown  at  Lower  Left  Corner. 


Fig.   11. — Abutment   "Q",  Vaughan's  Bridge,   Portland,   Me. 


( 
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action.     Conditions  were  such,  however,  that  all  the  fill  could  not  be      Mr. 

Shcrtzcr 

placed  before  cold  weather  set  in. 

The  winter  of  1906-07  was  a  severe  one,  and  it  was  noticed  that 
the  unprotected  concrete  base  was  disinteirrating  where  exposed.  In 
the  sprinfi"  of  1907,  after  the  ice  had  gone  out,  the  exposed  surface  was 
found  to  be  disintegrated  to  a  depth  of  more  than  2  in.  That  portion 
of  the  concrete  which  had  been  protected  by  the  sand,  however,  was 
found  to  be  in  perfect  condition,  and,  at  the  elevation  of  the  sand 
protection,  there  was  a  sharp  and  distinct  limit  to  the  area  disinte- 
grated. It  will  be  seen  clearly  from  Fig.  10  that  the  portion  of  the 
concrete  below"  the  sand  line  still  shows  the  saw  marks  of  the  form 
boards,  whereas  that  portion  above  the  sand  line  is  badly  disintegrated. 
The  small  hole  seen  at  the  upper  right-hand  comer  of  the  photograph 
was  drilled  for  the  purpose  of  ascertaining  how  deeply  the  concrete 
was  affected.  The  slope  of  the  edge  of  the  sand-fill,  which  was  ex- 
cavated to  permit  of  taking  the  photograph,  may  be  seen  at  the  lower 
left-hand  corner.  This  photograph  shows  a  portion  of  the  same  face 
of  the  base  as  appears  in  Fig.  11,  the  photograph  of  the  entire 
abutment. 

These  conditions  led  to  a  series  of  experiments  to  ascertain,  if 
possible,  the  causes  of  the  phenomenon.  In  the  fall  of  1907,  several 
sets  of  standard  briquettes  were  made  of  both  neat  cement  and  of  a 
1 :  3  mix,  making  all  the  possible  combinations  of  mixing  with  fresh 
and  sea  water,  and  using  the  local  bank  sand  and  standard  Ottawa 
sand.  Three  12-in.  cubes  were  also  made  of  samples  taken  from  the 
regular  machine-mixed  concrete.  These  briquettes  were  made  and 
placed  at  the  beginning  of  cold  weather  in  the  winter  of  1907-08. 
They  were  distributed  as  follows :  Sets  of  three  briquettes  of  each 
type  and  enough  for  the  regular  7-day,  28-day,  3-month,  6-month,  and 
1-year  tests  were  stored  in  the  laboratory  in  fresh  and  sea  water; 
buried  in  the  sand  at  a  depth  of  about  1  ft.  above  high  water,  at  mean 
tide,  and  below  low  water;  and  placed  in  crates  above  high  water,  at 
mean  tide,  and  below  low  water.  One  cube  was  placed  on  the  flats 
above  high  water,  one  at  mean  tide,  and  the  third  was  lowered  to  the 
bottom  of  the  river. 

Chemical  tests  were  made  during  these  experiments  by  the  professor 
of  chemistry  at  the  Portland  High  School  to  ascertain  the  effects  of 
the  materials  and  water. 

Unfortunately,  the  long-time  tests  could  not  be  made  on  the 
briquettes,  as  the  City  Hall  at  Portland  was  destroyed  by  fire  early 
in  1908,  and  the  laboratory  and  all  the  records  and  data  were  lost, 
so  that  what  appears  here  is  from  memory  only. 

Such  of  the  tests  as  were  made  showed  that  the  briquettes  stored 
in   both   fresh   and  sea   water   in    the   laboratory,   those  buried  in   the 
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Mr.  sand,  and  those  exposed  in  the  crates  above  and  below  water,  gave 
practically  identical  results,  and  those  stored  in  the  crates  at  mean 
tide  were  entirely  disintegrated  after  from  2  to  3  weeks  of  exposure 
to  freezing  weather. 

The  large  cubes  were  made  and  placed  in  the  spring  of  1907,  and 
were  exposed  throughout  the  summer  of  1907  and  the  following  winter. 
ISTo  effect  was  observed  as  the  result  of  the  summer  exposure,  and  after 
about  a  year's  exposure  those  cubes  placed  above  and  below  water 
were  still  in  perfect  condition,  the  one  exposed  at  mean  tide,  however, 
had  been  reduced  to  about  4  in.  as  the  result  of  exposure  during  the 
winter. 

In  the  spring  of  1907.  as  soon  as  weather  condition.s  permitted, 
tlie  loose  material  was  removed  from  the  disintegrated  face  of  the 
base  of  the  abutment,  the  surface  was  plastered  up,  and  the  rest 
of  the  sand-fill  and  the  pavement  placed.  In  the  fall  of  1912  some 
of  the  rip-rap  and  sand  protection  was  removed,  and  it  was  found 
that  the  trowel  marks  in  the  plaster  used  in  smoothing  up  were  still 
distinct.  The  sand  lying  within  the  tidal  range  has  been  saturated 
with  sea  water  for  more  than  5  years,  and  it  would  seem  that  if  the 
action  were  a  chemical  one  it  would  have  affected  the  concrete. 

It  would  seem  that  the  only  conclusion  which  can  be  drawn  from 
the  above-mentioned  experiments  is  that  the  disintegration  was  caused 
by  purely  mechanical  means,  and  that  if  the  concrete  is  protected 
from  the  direct  action  of  alternate  freezing  and  thawing,  such  as 
occurs  within  the  tidal  range,  there  will  be  no  disintegration. 

William  H.  Burr,  M.  Am.  Soc.  C.  E.,  wa.s  the  Consulting  Engineer, 
and  the  speaker  was  Resident  Engineer,  on  this  work. 

^  Mr.  C.   H.    Stengel,   Assoc.   M.   Am.    Soc.    C.   E. — In   1907.   when   the 

°»  ■  Virginian  Railway  coal  terminals  were  constructed,  it  was  necessary 
to  build  permanent  foundations  for  the  large  steel  superstructure  which 
extended  1 000  ft.  into  the  waters  of  Hampton  Roads.  Open  pile 
foundations,  capped  with  grillages,  were  out  of  the  question,  as  the 
waters  were  infested  with  teredo.  The  design  decided  on  was  mono- 
lithic concrete  piers,  with  heavy  rectangular  bases,  built  on  piles  in 
30  ft.  of  water,  the  piles  being  cut  off  1  ft.  below  the  mud  line.  On 
the  rectangular  bases,  battered  pier  sections  were  built  to  a  level  ap- 
proximately 4  ft.  above  high  water.  All  this  concrete  was  deposited 
under  water  by  tremies  12  in.  in  diameter,  and  allowed  to  set  for 
several  days;  then  the  forms  were  removed  and  the  sheeting  was  pulled. 
Under  the  conditions  existing  at  the  time,  and  on  account  of  the 
manner  in  which  this  work  was  done,  if  there  were  any  chemical 
action  to  deteriorate  concrete,  due  to  the  effect  of  sea  water,  it  would 
have  been  noticed,  as  a  careful  inspection  of  all  the  piers .  was  made 
by  divers;   also,   if  there  was   any  destruction  between   high   and   low 
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water,  due  to  changes  in  temperature  and  freezing,   it  would  now  be      Mr. 
perceptible;  as  it  is,  these  piers  are  in  as  good  condition  as  when  built.  ' 

The  speaker,  however,  does  not  doubt  that  in  piers  built  under  simi- 
lar conditions  in  northern  harbors,  where  the  temperature  changes  are 
considerable,  and  alternate  freezing  and  thawing  takes  place  between 
high  and  low  water,  some  mechanical  destructive  effect  might  be  ex- 
perienced, as  concrete  built  under  the  conditions  stated  never  becomes 
dry,  and  the  contained  moisture,  in  freezing  near  the  surface,  would 
expand  and  gradually  disintegrate  the  concrete. 

This  effect,  however,  should  not  obtain  with  concrete  blocks,  built 
and  matured  on  land  and  tlien  set  in  place  between  high  and  low  water; 
and  there  are  a  number  of  examples  around  New  York  Harbor  to  sub- 
stantiate this   statement. 

The  mixture  of  concrete  used  in  the  construction  of  the  founda- 
tion for  the  coal  piers  was  1 :  2^ :  5,  with  gravel. 

L.  D.  CoRXisii,  M.  Am.  Soc.  C.  E. — The  (piestion  of  the  deteriora-  ^  Mr. 
tion  of  concrete  in  sea  water,  naturally,  was  one  of  the  first  subjects 
of  investigation  by  the  designing  force  of  the  Isthmian  Canal  Com- 
mission in  connection  with  the  locks  for  the  Panama  Canal. 

Data  on  this  subject  were  collected  for  about  two  years  and,  after 
careful  consideration,  the  conclusion  was  finally  reached  that  recorded 
experience  failed  to  show  that  deterioration  of  concrete  might  be 
expected  in  tropical  sea  water,  provided  ordinary  care  was  exercised 
in  the  selection  of  the  ingredients,  and  in  tlie  mixing  and  placing. 

Experience  on  the  Isthmus,  thus  far,  has  shown  no  reason  for  a 
different  conclusion,  and  the  speaker  is  of  the  opinion  that  the  causes 
for  authenticated  cases  of  deterioration  must  be  sought  in  mechanical 
action  or  poor  materials,  rather  than  in  chemical  action  of  ordinary 
sea  water  on  first-class  American  Portland  cement  concrete. 

L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.   (by  letter). — Extensive  harbor       Mr. 

„     «  .  •        r-  1  T  .        Le  Conte. 

improvements  call  for  strict  economy  in  nrst  cost  and  annual  main- 
tenance, and  length  of  life.  Recent  developments  on  San  Francisco 
Ba.v  have  given  rise  to  some  new  features  which  may  be  interesting. 
The  final  conclusion  is  that  a  solid-mole  development  is  much  superior 
in  every  respect  to  the  ordinary  pier,  when  a  wide  view  is  taken  of 
the  whole  situation   from  both  financial   and   commercial  standpoints. 

As  the  waters  of  San  Francisco  Bay  are  largely  infested  with  the 
marine  pests,  teredo  and  limnoria,  all  important  structures  are  made 
of  creosoted  piles  or  concrete  piles  and  superstructure. 

First  Case. — An  Ordinary  Pier. — For  ample  commercial  purposes, 
the  pier  should  be  at  least  200  ft.  wide  and  1  000  ft.  long,  with  a  slip 
alongside,  300  ft.  wide,  for  hajidling  the  shipping,  and,  without  any 
warehouses,  tracks,  derricks,  movable  cranes,  etc.,  would  cost  probably 
$315  000. 
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Mr.  Second  Case. — A   Solid  Mole. — The  mole  would  be  surrounded  on 

three  sides  with  a  50-ft.  commercial  wharf.  The  same  amount  of 
money  will  build  a  solid  mole,  500  ft.  wide  and  1  000  ft.  long,  and 
a  slip  alongside,  400  ft.  wide,  for  handling  vessels.  This  simple  struc- 
ture, like  the  pier  mentioned,  is  supposed  to  be  without  warehouses, 
tracks,  derricks,  movable  cranes,  etc. 

A  little  consideration  will  show  the  advantages  of  the  mole  develop- 
ment. The  dock  frontage  of  the  pier  development  is  2  500  lin.  ft. ; 
that  of  the  mole  development  is  2  900  lin.  ft. — a  difference  of  16%  in 
favor  of  the  latter.  In  the  case  of  the  mole  the  area  of  dock  flooring 
to  be  kept  in  efficient  repair  is  only  about  60%  of  that  of  the  pier  devel- 
opment, which  is  quite  an  important  item  of  annual  expense.  Besides 
these  advantages,  the  mole  has  nearly  twice  as  much  warehouse  room, 
and  a  200-ft.  roadway  in  the  center  for  railway  and  general  commer- 
cial traffic,  tlie  paramount  convenience  of  which  cannot  be  over- 
estimated. 

Mr.  Chandler  Davis,  M.  Am.  Soc.  C.  E.  (by  letter). — New  York  Har- 

Davis.  .  .  . 

'  bor,  without  doubt,  is  the  most  important  one  in  the  world.  It  pos- 
sesses many  advantages  over  other  seaports,  not  the  least  of  which  is 
the  small  range  of  tide.  As  tidal  and  wet  basins  are  unknown,  these 
expensive  constructions  are  eliminated  from  the  problem.  The  current 
in  the  river  is  not  so  strong  that  tlie  largest  ships  cannot  be  warped 
into  their  slips  without  much  difficulty,  although  at  times  it  may 
require  several  hours — it  took  5  hours  to  dock  the  steamship  France. 
Such  cases,  however,  do  not  occur  so  frequently  that  the  pier  and 
slip  system  should  be  condemned,  for  it  is,  without  doubt,  the  best 
and  most  economical  layout  which  could  have  been  adopted.  It 
permits  the  handling  of  more  ships  in  a  given  length  of  river-front 
than  any  other  plan. 

If  the  scheme  adopted  at  Antwerp  had  been  introduced  at  New 
York,  a  steamship  of  the  dimensions  of  the  Imperator,  would  require 
about  1000  lin.  ft.  of  bulkhead  for  docking  purposes;  with  the  plan 
used  in  New  York  Harbor  this  length  of  river-front  is  sufficient  to 
permit  the  working  of  four  such  ships  simultaneously.  The  late 
General  McClellan,  the  first  Chief  Engineer  of  the  Dock  Department, 
was  wise  in  developing  and  perfecting  the  system  he  fovmd  in  use. 

The  Hudson  River  has  been  encroached  on  to  such  an  extent  that 
the  War  Department  has  finally  decided  that  the  pier-head  line  mtist 
not  be  moved  farther  out  into  the  river,  and  all  encroachment  must 
be  stopped.  This  attitude  of  the  Government  is  well  taken.  When 
one  considers  the  size  of  the  modern  ship,  he  will  realize  that,  if 
such  extension  were  permitted,  there  would  soon  be  insufficient  width 
of  clear  water  to  allow  the  safe  handling  of  these  vessels,  for  at  least 
two  ship  lengths  are  required  to  turn  them.     At  the  present  time  there 
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is  barely  the  necessary  width  left  between  the  pier-heads,   and  there    Mr. 
is  great  difficulty  in  handling  the  ocean  liners.     If  relief  is  required,    *^'^' 
it  must  be  sought  by  moving  the  bulkheads  inland  or  locating  the 
docks   at  points   other  than   on   the  Manhattan   shore  of  the  Hudson 
River. 
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Fig.  12. 

The  naval  architect  is  increasing  not  only  the  length  of  ocean 
liners,  but  also  their  beam.  This  is  a  very  important  factor,  and 
must  be  considered  in  laying  out  new  work.  Fig.  12  shows  the  average 
increase  in  beam  of  ships,  for  every  five  years  from  18G5  to  date; 
it  will  be  seen  that  it  has  been  more  than  doubled.  The  Labrador, 
launched  in  1865,  had  a  beam  of  39.2  ft.;  the  new  Hamburg- American 
liner,  Vaterland,  will  have  a  beam  of  about  100  ft.,  or  two  and  one- 
half  times  that  of  the  Labrador. 
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Mr.  The   open   water   between   two    adjoining   piers,    called    the   "slip", 

■  should  be  of  sufficient  width  to  allow  the  working  of  two  steamers  in 
the  same  slip  at  the  same  time.  The  following  formula  will  deter- 
mine the  required  width,  provided  railroad  car-floats  are  not  used, 
as  is  the  case  with  fruit  ships : 

W  =  2F  +  4C  +  25  +  2L  +  50. 

W  =  the  required  width  of  slip; 

F  =  the  width  to  be  allowed  for  the  fender  system  of  the  piers, 

including  the  rolling  log,  if  one  is  used; 
C  =  the  extreme  width  of  the  coal  barges; 
B  =  the  beam  of  the  ship ; 
L  =  the  extreme  width  of  the  cargo  lighters ;  all  expressed  in  feet. 

In  the  center  of  the  slip,  a  width  of  50  ft.  of  open  water  is  required 
to  facilitate  the  handling  of  the  lighters  and  scows  without  interfering 
with  the  working  of  the  ship. 

The  general  tendency  is  to  sacrifice  the  slip  in  order  to  build  large, 
imposing  piers.  A  width  of  90  or  100  ft.  for  a  pier  is  ample  to  care 
for  the  cargo  of  the  largest  ships  afloat,  and  it  is  quite  unnecessary  to 
exceed  this,  unless  it  is  intended  to  use  such  piers  as  store-  or  ware- 
houses. 

Ships  of  the  Imperator  or  Vaterland  type,  having  a  beam  of  about 
100  ft.,  would  require  slips  about  400  ft.  wide,  if  two  such  ships 
are  to  be  docked  in  the  slip  at  the  same  time.  These  points  should 
be  carefully  considered  in  laying  out  a  plan  for  docks,  as  congested 
slips  increase  the  cost  of  handling  cargoes  and  coaling.  The  dimen- 
sions of  the  largest  vessels  trading  with  the  port  must  be  considered 
in  the  design,  and  a  study  must  be  made  of  their  gradual  increase 
in  size. 

The  materials  which  enter  into  pier  construction  are  many.  For 
a  long  time  only  wood  was  used,  but  recently  the  wooden  decks  and 
rangers  have  been  replaced  with  concrete.  The  North  German  Lloyd 
Steamship  Company  was  the  pioneer  in  such  work  in  this  part  of 
the  world.  After  the  disastrous  fire  which  destroyed  its  Hoboken 
docks,  the  plant  was  rebuilt  with  concrete  decks  and  fireproof  super- 
structures. This  scheme  has  been  still  further  developed  by  the  City 
of  New  York,  and  to-day  the  construction  above  the  caps  or  clamps 
is  of  reinforced  concrete.  This  construction,  however,  leaves  the  piers 
vulnerable  between  low  tide  and  the  deck.  The  Hudson  River  is  free 
from  the  Teredo  navalis  and  other  wood-destroying  borers,  and  will 
probably  remain  so  until  some  other  method  is  found  of  disposing 
of  the  tons  of  filth  which  are  daily  dumped  into  the  river.  The  piles 
below  low  water,  therefore,  are.  for  all  practical  purposes,  indestruc- 
tible.    The  few  points  where  protection  against  worms  has  been  found 
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iiecessarj-  need  not  be  considered  here.  In  all  sections  of  the  port,  Mr. 
however,  the  piles  above  mean  low  water  will  deteriorate  and  eventu- 
ally will  have  to  be  replaced.  The  present  design  of  decking  used 
by  the  City  will  make  such  work  expensive  and  extremely  difficult. 
The  design,  therefore,  should  include  the  entire  pier  from  low  water 
up,  if  it  should  be  desirable  to  continue  the  use  of  wooden  piles.  A 
general  plan  for  this  could  probably  be  worked  out,  and  would  only 
need  to  be  modified  to  suit  local  conditions. 

The  Dock  Department  is  working  along  the  right  lines,  and  is 
attacking  the  problems,  as  they  present  themselves,  in  a  conservative, 
but  tlioroucrh  manner. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note. — Memoirs  will  be  reproduced  In  the  volumes  of  Transactions.  Any  In- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


ADOLPHUS  BONZANO,  M.  Am.  Soc.  C.  E.* 


Died  May  5th,  1913. 


Adolphus  Bonzano  was  born  at  Ehingen,  Wurtemburg,  Germany, 
on  December  5th,  1830.  He  was  the  youngest  of  four  brothers  who 
came  to  the  United  States,  three  of  whom  had  distinguished  careers. 
He,  however,  was  the  only  one  to  follow  the  Engineering  Profession. 

Mr.  Bonzano  was  educated  at  the  gymnasia  of  Ehingen,  Binsdorf, 
and  Stuttgart.  After  the  usual  thorough  training  in  these  German 
schools,  he  came  to  Philadelphia,  Pa.,  for  further  study,  and  particu- 
larly to  perfect  himself  in  the  English  language  and  in  the  customs 
of  his  adopted  country.  His  father  a"nd  other  members  of  his  family 
had  emigrated  to  Texas  in  the  Thirties,  where  they  formed  a  number 
of  German  colonies  in  the  interior,  Gillespie  and  the  adjoining  coun- 
ties, then  an  tmsettled  wilderness,  but  now  part  of  the  most  prosperous 
portion  of  the  State. 

In  1852,  Mr.  Bonzano,  who  had  early  shown  marked  mechanical 
and  engineering  talents,  recognized  the  great  possibilities  which  the 
iron  industrj-  offered  in  the  development  of  the  country,  and  deter- 
mined to  supplement  his  academic  studies  by  actual  shop  experience. 
He  entered  the  Reynolds  Machine  Works,  at  Springfield,  Mass.,  as 
an  apprentice,  and,  at  the  end  of  his  apprenticeship,  became  its  Super- 
intendent. For  several  years  after  this  he  was  employed  by  several 
industrial  and  railway  companies  in  various  capacities  in  shop  work, 
becoming  one  of  the  skilled  mechanical  superintendents  of  those  days. 
During  this  period  he  became  interested  in  bridge  work  and  gave 
it  such  study  as  the  early  days  of  bridge  histoiy  in  the  United  States 
permitted,  becoming  a  pioneer  in  its  devclojiment.  Finally,  in  1865, 
he  engaged  with  the  Detroit  Bridge  and  Iron  Works  as  Superintendent 
of  Bridge  Construction,  and,  from  that  day  until  his  retirement  from 
business  in  1898,  he  was  an  influential  factor  in  the  bridge  industry, 
and  in  its  formative  period,  particularly,  his  unusual  talents  were 
shown  in  his  boldness  of  design,  his  advances  in  specifications,  and 
his  ingenuity  in  erection  problems. 


*  Memoir  prepared  by  F.  A.  Molitor,  M.  Am.  Soc.  C.  E. 
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After  serving  three  years  with  the  Detroit  Bridge  and  Iron  Works, 
where  his  specialized  work  attracted  much  attention  and  earned  him 
a  broad  acquaintance,  he  removed  to  Phoenixville,  Pa.,  and  with 
David  Reeves,  M.  Am.  Soc.  C.  E.,  and  the  late  Thomas  Curtis  Clarke, 
Past-President,  Am.  Soc.  C.  E.,  assisted  in  the  organization  of  the 
firm  of  Clarke,  Reeves  and  Company  (Phoenixville  Bridge  Company), 
becoming  a  partner  and  its  Chief  Engineer.  In  the  early  days  of 
the  partnership,  Mr.  Bonzano  made  the  plans,  strain  sheets,  estimates, 
bids,  and  shop  drawings.  The  firm  rapidly  became  a  leader  and 
acquired  the  highest  rank  among  bridge  companies,  many  of  the 
largest  and  most  famous  structures  in  the  United  States  having  been 
designed,  built,  and  erected  by  it.  In  1884,  the  firm  was  dissolved,  being 
succeeded  by  the  Phcenix  Bridge  Company,  with  Mr.  Bonzano  as 
Chief  Engineer  and  Vice-President.  For  the  next  ten  years  he  de- 
voted all  his  time,  experience,  and  business  acumen  to  this  company, 
his  reputation  probably  reaching  its  zenith  during  this  period. 

The  strain  resulting  from  his  professional  activities  of  more  than 
forty  years,  and  the  ever-increasing  responsibilities  of  modern  bridge 
business,  determined  him  to  reduce  his  activities,  so  he  resigned 
from  the  Phoenix  Bridge  Company  in  1893  and  opened  an  office  as 
Consulting  Engineer  in  New  York  City,  with  his  old  friend  and 
associate,  the  late  Mr.  Clarke,  as  partner.  This  association  continued 
until  1898,  when  Mr.  Bonzano  retired  from  all  active  professional 
and  business  work,  making  his  home  in  Philadelphia,  Pa.,  where, 
surrounded  by  his  family  and  many  friends,  he  passed  the  evening 
of  his  life  in  quiet  enjoyment. 

In  the  work  of  the  pioneer  and  formative  period  of  American 
bridge  construction,  Mr.  Bonzano  had  no  peer.  His  unusual  talents 
and  attractive  personality  enabled  him  to  place  what  was  then  bold 
and  original  bridge  design  under  contract,  and  to  this  day  many 
of  his  bridges  are  in  use,  carrying  loads  far  in  excess  of  their  original 
design.  He  was  also  able  to  put  the  bridge  business  on  a  sound  and 
proper  basis,  from  specifications  to  erection,  and  in  so  doing  he 
earned  the  appreciation  of  his  associates  and  the  grateful  remembrance 
of  their  successors. 

Mr.  Bonzano's  professional  activities  resulted  in  the  building  of 
many  important  bridges  by  his  companies  throughout  America  and 
in  foreign  countries,  but  only  a  few  of  these  monuments  to  his  genius 
will  be  mentioned  here: 

The  Pecos  Viaduct,  2  100  ft.  long,  carrying  the  Southern  Pacific 
Railroad  over  the  Pecos  River  at  a  height  of  320  ft.,  built  in  1890. 
The  Red  Rock  Cantilever  Bridge,  over  the  Colorado  River  Canyon, 
on  the  Atlantic  and  Pacific  Railway   (now  the  Atchison,  Topeka  and 
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Santa  V6  Railway).  The  Kiiizua  N'iaduct,  300  ft.  high,  on  the  Erie 
Raih-oail.  At  the  time  of  its  construction  this  viaduct  was  the  highest 
structure  in  the  world,  and  for  boldness  of  design  and  erection  methods 
astonished  railroad  and  engineering  circles,  and  was  thoroughly  dis- 
cusseil  in  the  technical  and  daily  press.  The  Chesapeake  and  Ohio 
Railroad  Bridge  carrying  a  double-track  railroad,  two  roadways,  and 
two  sidewalks,  over  the  Ohio  River  at  Cincinnati,  built  in  1888.  This 
bridge,  having  one  550-ft.  and  two  240-ft.  spans,  was  at  that  time  the 
longest  double-track  span  ever  constructed.  The  Susquehanna  River 
Bridge  at  Sunbury,  Pa.,  built  in  1882  for  the  Philadeljihia  and  Read- 
ing Railroad,  and  the  Columbia  Bridge,  Fairmount  Park,  Philadel- 
phia, with  seven  spans  aggregating  1  000  ft.,  built  in  1886,  also  for 
the  Philadelphia  and  Reading's  double-track  line.  The  Girard  Avenue 
Bridge,  at  Philadelphia,  1  000  ft.  long  and  100  ft.  wide,  built  in  1874, 
was  one  of  the  best  examples  of  American  municipal  bridges. 

Mr.  Bonzano  also  had  a  large,  if  not  the  principal,  share  in  the 
development  of  the  modern  draw-span,  having  designed  and  built 
some  of  the  most  notable  structures  of  this  type.  The  274-ft.  double- 
track  draw  of  the  New  York  Central  and  Hudson  River  Railroad, 
at  Albany,  built  in  1870,  was  one  of  the  first  large  railroad  draw- 
spans.  The  construction  of  its  turn-table  embodied  many  original 
features  designed  by  him,  which  later  became  standard  practice.  Some 
of  the  other  and  earlier  draws  built  by  Mr.  Bonzano  were  the  Harlem 
River  Bridge,  with  a  300-ft.  double-track  draw-span,  built  in  1880; 
and  the  Albany  and  Greenbush,  with  a  400-ft.  draw,  carrying  a  double- 
track  railway  and  roadway,  built  in  1881.  As  early  as  1878  he  built 
the  410-ft.  through  single-track  draw-span  of  the  Susquehanna  Bridge, 
on  the  Philadelphia,  Wilmington,  and  Baltimore  Railway,  then  the 
"longest  draw  in  the  world.  All  these  bridges,  except  the  Albany  and 
Susquehanna  draw-spans  are  still  standing  and  carrying  modern 
loadings. 

Mr.  Bonzano's  inventive  and  mechanical  genius  was  shown  in  the 
minor  draw  mechanisms.  He  was  the  first  to  use  the  locking  roller 
with  a  pair  of  links  at  the  draw  end,  and  soon  after  modified  this 
by  the  knuckle-joint.  The  use  of  a  vertical  screw  for  operating  the 
locking  mechanism  was  original  with  him. 

He  was  also  the  pioneer  engineer  in  the  development  of  the  first 
elevated  urban  railroads.  The  Sixth  and  Ninth  Avenue  Elevated 
Railroads  in  New  York  City  with  their  Phoenix  columns,  now  nearly 
40  years  old,  are  monuments  to  his  boldness  of  professional  thought 
as  well  as  business  judgment.  He  also  built  all  the  Kings  County 
(Brooklyn  Rapid  Transit  Company)   Elevated  Railroad  lines. 

The  merits  of  the  well-known  Phoenix  column,  which  was  invented 
by  the  late  Samuel  J.  Reeves,  M.  Am.  Soc.  C.  E..  of  the  Phoenix  Iron 
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Company,  and  was  then  only  used  in  building  construction,  was  at 
once  recognized  by  Mr.  Bonzano,  and  he  was  the  first  to  introduce 
it  in  bridge  compression  members  and  to  exploit  its  advantages.  He 
made  the  designs  of  the  details  necessary  to  apply  the  Phoenix  column 
to  bridge  construction,  and  it  remained  as  the  best  bridge  compres- 
sion member  for  many  years.  This  is  shown  by  the  fact  that  there 
never  was  a  failure  of  a  Phoenix  column  in  a  bridge,  no  matter  how 
much  the  latter  was  overloaded. 

Mr.  Bonzano  gave  many  inventions  to  the  modem  world,  as  the 
records  of  the  Patent  Office  testify.  Chief  of  these  is  the  popular 
rail  joint,  bearing  hisi  name,  which  he  called  his  "little  bridge", 
an  epigrammatic  expression  which,  with  the  ingenious  thought  that 
prompted  the  invention,  was  typical  of  him. 

Although  Mr.  Bonzano  will  be  remembered  by  the  Profession  as 
one  of  the  pioneer  and  able  bridge  engineers  of  his  age,  his  contem- 
poraries will  particularly  remember  him  for  his  fine  and  unusual 
personality,  and  his  lasting  friendship  for  them.  As  an  employer  he 
was  kindly  and  considerate,  and  many  engineers  of  this  generation 
will  remember  him  for  his  helping  and  guiding  hand  when  they  were 
his  apprentices  and  students.  He  numbered  among  his  friends  every 
one  who  knew  him,  his  kindly  disposition  and  genial  manner  making 
him  a  friend  of  everybody.  It  has  been  truly  said  that  he  never 
had  an  enemy.  His  charity,  however,  unostentatious  and  liberal  as 
it  was,  will  never  be  known;  all  we  know  is  that  he  never  refused 
a  helping  hand. 

Mr.  Bonzano  was  a  Member  of  the  Canadian  Society  of  Civil 
Engineers,  the  American  Society  of  Mechanical  Engineers,  the 
American  Society  of  Mining  Engineers,  the  Franklin  Institute,  the 
Union  League  Club  of  Philadelphia,,  and  the  Engineers  Club  of  New 
York. 

In  1857  he  was  married  to  Laura  J.  Goodell,  in  Detroit,  Mich., 
and  they  had  two  sons,  Hubert  A.  and  Maximilian  F.  He  is  survived 
only  by  the  latter,  who  is  a  Member  of  the  American  Society  of  Civil 
Engineers. 

Mr.  Bonzano  was  a  talented  musician,  having  been  a  skillful 
pianist  and  an  able  organist,  and  to  the  end  he  kept  up  a  lively  in- 
terest in  all  things  musical.  He  was  a  familiar  figure  at  the  opera, 
and  in  his  home  life  he  always  had  much  music.  It  was  pleasant 
to  be  with  him  there,  observe  his  love  for  music,  and  enjoy  his  unique 
and  charming  personality.  His  legion  of  friends  and  associates  can 
do  no  more  than  cherish  his  memory  and  be  glad  that  his  long  and 
busy  life  ended  in  a  peace  as  beautiful  as  his  beloved  music. 

Mr.  Bonzano  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  August  7th,  1872. 
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.10 FIN  DOUULAS  FOUQUET,  M.  Am.  Soc.  C.  E.* 


Dii:i)  September  ISth,  1913. 


John  Douglas  Fouquet  was  born  at  Plattsburg,  N.  Y.,  on  August 
1st,  1S29.  He  received  his  early  education  from  governesses  and  at 
the  Parish  School.  Wlien  he  was  sixteen  years  old,  he  was  enrolled  at 
the  Plattsburg  Academy,  where  he  received  his  preparatory  training. 
He  entered  Rensselaer  Polytechnic  Institute  in  1849,  taking  the  course 
in  Civil  Engineering. 

In  1852,  at  the  end  of  the  Spring  temi,  Mr.  Fouquet  left  Rensselaer 
to  accept  a  position  as  Draftsman  on  stations  and  buildings  with  the 
Plattsburg  and  Caughnawaga  Railroad,  which  later  became  the  Platts- 
burg and  Montreal  Railroad,  and  is  now  a  part  of  the  Delaware  and 
FEudson  System.  On  ]\fay  1st,  1854,  he  became  a  member  of  the 
Engineer  Corps  of  the  Sunbury  and  Erie  Railroad,  now  the  Phila- 
delphia and  Erie  Branch  of  the  Pennsylvania  Railroad,  with  head- 
quarters at  Williamsport,  Pa.  He  was  engaged  first  as  Assistant  to  the 
Planetable  Topographer  on  the  preliminary  and  location  surveys  of 
the  road  and,  on  their  completion,  was  retained,  under  Mr.  Robert 
Ferris,  Chief  Engineer,  and  Col.  Phaon  Jarrett,  Assistant  Chief 
Engineer,  as  Head  Draftsman  on  the  Eastern  Division  of  the  road 
(Ridgway  and  Sunbury  Railroad),  on  the  preparation  of  plans  for 
the  stations,  buildings,  culverts,  and  seven  large  Howe  truss  bridges, 
each  1  000  ft.  long,  at  various  crossings  of  the  West  Branch  of  the 
Susquehanna  River. 

On  account  of  the  panic  of  1857,  work  on  the  Sunbury  and  Erie 
Railroad  was  suspended  for  six  months,  and  during  this  time  Mr. 
Fouquet  was  engaged  under  the  late  P.  P.  Dickinson,  M.  Am.  Soc. 
C.  E.,  Chief  Engineer,  as  Leveler  on  the  preliminary  and  location 
surveys  on  a  line  of  about  40  miles,  between  Dauphin  and  Landis- 
burg.  Pa.,  for  the  Sherman  Valley  and  Broadtop  Railroad,  which  road 
was  projected  in  connection  with  the  Broadtop  Coal  Mines. 

When  work  on  the  Sunbury  and  Erie  Railroad  was  resumed,  he 
returned  to  that  road,  with  headquarters  at  Lock  Haven,  Pa.,  remain- 
ing with  the  Company  until  the  fall  of  1860,  when  the  line  was  acquired 
by  the  Pennsylvania  Railroad,  at  which  time  Mr.  Fouquet  returned 
to  Plattsburg,  N.  Y.  During  the  summer  of  1861  he  was  engaged 
by  the  State  of  New  York  to  survey  and  map  the  State  prison  prop- 
erty at  Dannemora,  N.  Y.,  and,  in  connection  with  this  work,  he 
designed  a  ventilating  shaft  for  the  iron  mines  within  the  enclosure 
of  Clinton  Prison. 

*  Memoir  prepared  by  the  Secrftary  from  information  on  file  at  the  Society  House. 
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On  November  18th,  1862,  Mr.  Fouquet  entered  the  United  States 
Navy  as  Clerk  to  Rear-Admiral  Theodorus  Bailey,  commanding  the 
East  Gulf  Blockading  Squadron,  on  the  flagship  Lawrence,  which  was 
stationed  at  Key  West,  Fla.,  part  of  his  duties  consisting  in  bearing 
dispatches  to  and  from  the  U.  S.  Consul  at  Havana,  Cuba. 

In  May,  1864,  he  resigned  from  the  Navy  and  was  appointed  to  a 
position  at  the  Brooklyn  Navy  Yard  by  Gideon  Wells,  the  Secretary 
of  the  Navy.  On  his  arrival  in  New  York  City,  however,  he  was 
offered  and  accepted  a  more  lucrative  position  with  the  Athens  and 
Schenectady  Railroad  as  Topographer  in  the  field  organization  then 
being  formed  by  that  road,  with  headquarters  at  Athens,  N.  Y.  In 
this  position  he  was  engaged  on  preliminary  and  location  surveys,  and, 
later,  on  construction,  in  charge  of  the  Terminal  Division,  which 
included  docks,  bidkheads,  passenger  stations,  as  well  as  engine-houses, 
shops,  tenements,  etc.,  at  Athens. 

In  the  fall  of  1866,  Mr.  Fouquet  entered  the  employ  of  the  Atlantic 
and  Great  Western  Railroad  as  Chief  of  Topography,  on  the  staff  of 
Col.  James  Worrell,  who  was  Chief  Engineer  of  the  Sir  Morton  Peto 
project  for  an  air-line  from  New  York  City  to  Chicago,  with  headquar- 
ters at  Harrisburg,  Pa.  The  work  consisted  in  closing  up  gaps  between 
existing  lines  in  New  York,  Pennsylvania,  and  Ohio.  There  were  five 
engineering  corps  in  the  field  between  Lewisburg,  Pa.,  and  Green- 
ville, Ohio.  In  the  spring  of  1867,  however,  the  failure  of  Sir  Morton 
Peto  caused  all  work  to  be  abandoned,  and  the  various  corps  were  left 
stranded  in  the  oil  regions  of  Pennsylvania. 

Mr.  Fouquet  then  became  Topographer,  under  the  late  Oliver  W. 
Barnes,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  on  the  preliminary  and 
location  surveys  for  the  Dutchess  and  Columbia  Railroad,  later  known 
as  the  Newburg,  Dutchess,  and  Connecticut,  and  now  the  Central  New 
England  Railroad.  He  was  afterward  made  Division  Engineer  on  the 
construction  of  the  Western  Terminal  Division,  with  headquarters  at 
Fishkill,  N.  Y.,  and  later  became  Architect  for  the  terminal  and  station 
buildings. 

On  the  completion  of  this  work,  Mr.  Fouquet  engaged  in  the 
private  practice  of  civil  engineering  and  architecture,  with  an  office 
at  Fishkill,  N.  Y.  He  designed  the  building  for  the  Fishkill  High 
School,  and  was  engaged  in  engineering  and  architectviral  work  by 
the  Dart  Manufacturing  Company  in  connection  with  a  large  woolen 
mill  plant  at  Glenham,  N.  Y,  He  was  also  engaged  on  work  for  the 
Whiting  Junction  Railroad  of  Vermont,  now  a  part  of  the  Vermont 
Central  System,  one  interesting  feature  of  this  work  being  the  con- 
struction and  installation  of  a  pontoon  draw  in  connection  with  the 
maintenance  of  the  channel  in  Lake  Champlain. 

In  the  spring  of  1871,  Mr.  Fouquet  retired  from  private  practice 
to  accept  a  position  as  Engineer  and  Architect  with  Garner  and  Com- 
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paiij-,  of  New  York  City,  which  Company  owned  large  cotton  mills 
and  print  works  at  various  places  in  New  York,  Pennsylvania,  and 
Rhode  Islaml.  In  tliis  position  he  designed  and  superintended  the 
construction  of  many  mills,  warehouses  and  tenements  in  New  York 
State,  as  well  as  dams,  reservoirs,  and  connections  with  existing  rail- 
road lines,  together  with  the  reconstruction  and  additions  to  various 
plants  belonging  to  the  Company.  He  also  designed  a  Club  House 
at  Stapleton,  S.  I.,  and  rebuilt  a  New  York  residence,  for  Mr.  William 
T.  Garner,  the  President  of  the  Company. 

While  in  this  jiosition,  Mr.  Fouquet  designed  the  large  warehouse 
at  the  corner  of  Worth  and  Hudson  Streets,  in  New  York  City, 
which  is  still  in  use.  At  that  time  this  building  was  second  in  height 
to  the  Western  Union  Building,  then  the  tallest  commercial  building 
in  the  city. 

In  the  fall  of  1876,  when  the  business  portion  of  Fishkill,  N.  Y., 
was  nearly  wiped  out  by  fire,  Mr.  Fouquet  opened  a  branch  office 
there,  and  designed  stores,  dwellings,  bank  buildings,  etc.  In  1882,  he 
resigned  his  position  with  Garner  and  Company  to  accept  an  appoint- 
ment as  Chief  of  the  Construction  Department  of  the  New  York, 
West  Shore  and  Buffalo  Railway  (later  the  West  Shore  Railway), 
with  headquarters  at  Jersey  City,  N.  J.  The  Work  included  the  design 
and  construction  of  bulkheads,  piers,  transfer  and  ferry  bridges  in 
New  York  Harbor,  etc.,  the  offices  being  subsequently  moved  to  New 
York  City,  and  finally  to  Weehawken,  N.  J. 

In  the  fall  of  1883  the  Company  was  placed  in  the  hands  of  a 
Receiver.  With  a  few  others,  Mr.  Fouquet  was  retained  and  made 
Division  Engineer  of  the  Western  Division,  with  headquarters  at 
Frankfort,  N.  Y.  He  remained  at  that  place  until  the  completion 
of  the  extensive  yards  and  shops  in  1884,  when  he  was  transferred  to 
Syracuse,  N.  Y.,  and  placed  in  charge  of  the  completion  of  more  than 
100  stations,  freight-houses,  etc.,  between  Newburgh  and  Buffalo,  N.  Y. 
In  the  fall  of  1884,  he  left  Syracuse  and  made  his  headquarters  at 
Weehawken,  N.  J.  In  1885,  work  on  the  West  Shore  Railroad  was 
entirely  completed,  and  Mr.  Fouquet  returned  to  his  home  in  Fishkill, 
N.  Y.  Within  a  week,  however,  he  was  recalled  to  prepare  the  plans 
and  take  charge  of  the  construction  of  the  Forty-second  Street  Terminal 
Station  in  New  York  City,  which  had  been  destroyed  by  fire.  He  also 
prepared  the  plans  for  the  Company's  terminal  at  Jay  Street. 

In  1886,  the  West  Shore  Railroad  was  leased  by  the  New  York 
Central  and  Hudson  River  Railroad,  and  Mr.  Fouquet  was  transferred 
to  the  Grand  Central  Station  and  made  Architect  of  the  combined 
systems.  In  addition  to  his  architectural  work,  ^Ir.  Fouquet  had 
charge  of  the  surveys  for  a  branch  road  from  the  West  Shore  Railroad 
at   Saugerties,   N.    Y.,   to  the    Harding  Hotel   on   the   summit   of  the 
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Catskill  Mountains,  a  distance  of  about  9  miles,  the  maximum  grade 
being  about  80  per  cent.  He  also  had  charge  of  all  architectural  and 
construction  work  in  connection  with  the  depression  of  the  tracks  of  the 
New  York  and  Plarlem  Railroad  between  Mott  Haven  and  Woodlawn 
Junction,  the  elevation  of  the  tracks  on  the  viaduct  from  the  north 
end  of  the  Fourth  Avenue  Tunnel  to  Mott  Haven  Junction,  and  the 
construction  of  the  large  storage  yards  and  shops  at  Mott  Haven. 

On  September  1st,  1893,  Mr.  Eouquet  resigned  his  position  with 
the  New  York  Central  and  Hudson  River  Railroad  Company  to  engage 
in  private  practice  in  New  York  City  as  Consulting  Engineer  and 
Architect.  In  this  capacity  he  made  the  plans  and  estimates  for  the 
elimination  of  grade  crossings  for  the  City  of  New  Bedford,  Mass., 
designed  the  Fireboat  Station  at  Battery  Park,  for  the  City  of  New 
York,  and  was  associated  with  the  R.  P.  and  J.  H.  Staats  Company 
in  the  design  of  the  fagades  for  the  bulkheads  and  piers  for  the  Cunard, 
White  Star,  and  Wilson-Furness  Steamship  Lines,  on  West  Street, 
New  York  City. 

In  1900,  Mr.  Fouquet  was  obliged  to  give  up  his  work  on  account 
of  serious  illness.  On  his  recovery  he  again  entered  the  employ  of  the 
New  York  Central  and  Hudson  River  Railroad,  but  in  January,  1905, 
he  was  so  seriously  injured  by  an  accident  in  one  of  the  passenger 
elevators  at  the  Grand  Central  Terminal  that  he  retired  from  active 
work  and  returned  to  Fishkill,  where  he  resided  until  his  death. 

Mr.  Fouquet  was  engaged  actively  in  the  practice  of  his  profession 
for  a  period  of  53  years,  and  the  fact  that  during  that  time  he  had 
had  charge  of  millions  of  dollars  worth  of  work,  and  had  never  been 
long  without  employment,  was  always  a  source  of  gratification  to  him. 
He  had  sustained  at  various  times  fractures  of  both  arms,  and  throxigh 
the  improper  bandaging  of  one  such  fracture,  had  since  the  age  of 
twelve  years  been  confined  to  the  use  of  his  left  hand. 

In  his  early  youth  he  had  developed  artistic  talent,  and  at  odd  times 
and  for  his  own  pleasure,  he  worked  in  both  oils  and  water  colors. 
His  leisure  was  devoted  to  hunting  and  fishing,  from  which  recreations 
he  derived  much  pleasure. 

On  December  27th,  1864,  Mr.  Fouquet  was  married,  at  Athens, 
N.  Y.,  to  Miss  Emma  J.  Leffingwell.  He  is  survived  by  two  sons, 
Louis  Douglas  Fouquet,  Engineer  of  the  Sewer  Division  of  the  Public 
Service  Commission  of  the  First  District,  State  of  New  York,  and 
Morton  Leffingwell  Fouquet,  Engineer  in  Charge  of  the  Department 
of  Substructures  of  the  Borough  of  Brooklyn,  New  York  City. 

He  was  a  Member  of  U.  S.  Grant  Post,  G.  A.  R.,  No.  327,  of 
Brooklyn,  N.  Y.  From  his  youth  he  had  been  a  member  of  the 
Protestant  Episcopal  Church,  and  had  always  taken  an  active  interest 
in  church  work,  having  served  for  many  years  as  Vestryman   at  St. 
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Stephen's  Church,  in  New  York  City,  and  as  Vestryman  and  Junior 
Warden  of  Old  Trinity,  in  Fishkill.  N.  Y. 

Mr.   Fou(iuc't   was  elected   a    Member  of  the   American   Society   of 
Civil  Engineers  on  June  3d,  1885. 


JAMES  CHARLES  HAUGH,  M.  Am.  Soc.  C.  E.* 


DiKD  July  6th,  1913. 


James  Charles  Haugh,  the  sou  of  Thomas  and  Jane  Watts  Haugh, 
was  born  in  Cincinnati,  Ohio,  on  March  23d,  1855. 

His  primary  education  was  received  in  the  public  schools  of  Cin- 
cinnati. At  an  early  age  he  entered  the  office  of  Gen.  A.  J.  Hicken- 
topper,  then  City  Surveyor,  but  pursued  his  studies  at  the  High  School 
by  a  night  course.  After  some  years  in  the  City  Surveyor's  office, 
during  which  he  had  earned  promotion,  he  entered  the  service  of  the 
Portsmouth  and  Ohio  Railroad,  from  which  employment  he  shortly 
re-signed  to  become  Resident  Engineer  of  the  Cincinnati  Southern 
Railroad,  in  charge  of  tunnel  arching  and  grade  construction.  In 
this  work  he  was  associated  with  the  late  Col.  George  B.  Nicholson, 
M.  Am.  Soc.  C  E.,  who  had  been  the  friend  of  Mr.  Haugh's  brother. 
The  association  of  Mr.  Haugh  and  Col.  Nicholson  was  intimate  until 
the  death  of  the  latter. 

In  1881  Mr.  Haugh  was  sent  by  Col.  Nicholson  to  the  New  Orleans 
and  North  Eastern  Railroad  and  had  charge,  as  Resident  Engineer, 
of  the  construction  of  the  Lake  Pontchartrain  Trestle  (21i  miles  long) 
which  at  that  time  was  the  longest  trestle  in  the  world.  On  the  com- 
pletion of  the  construction  of  the  New  Orleans  and  North  Eastern 
Railroad,  Mr.  Haugh  was  placed  in  charge  of  Maintenance  of  Track, 
Bridges,   and  Buildings,  in  which  capacity  he  served  until  his  death. 

Mr.  Haugh  was  a  Member  and  Past-President  of  the  Louisiana 
Engineering  Society,  and  also  a  Member  of  the  American  Railway 
Engineering  Association. 

His  information  on  all  matters  pertaining  to  the  maintenance 
of  railways  was  thorough,  and  he  was  perhaps  one  of  the  best  informed 
engineers  in  the  United  States  on  timber  preservation. 

Mr.  Haugh  had  a  unique  personality.  He  possessed  a  shyness 
which  bordered  almost  on  diffidence,  yet  a  latent  force  pervaded 
his  everj'  thought  and  undertaking.  He  was  exceptionally  charitable, 
his  charity  being  of  the  unostentatious  kind.  His  unfailing  cheer- 
fulness wa.*?  in  itself  an  inspiration  to  those  with  whom  he  came  in 
contact. 

*  Memoir  prepared  by  W.  B.  Gregory  and  J.  F.  Coleman,  Members,  Am.  Soc.  C.  E. 


1938  MEMOIR   OF    FRANCIS   VALENTINE   TOLDERVY    LEE     [Memoirs. 

It  is  difficult  to  express  in  words  the  affection  in  which  Mr.  Haugh 
was  held  by  his  associates.  His  circle  of  acquaintances  was  large, 
and  every  member  of  it  feels  a  sense  of  personal  loss  in  his  death. 
Those  who  were  privileged  to  know  him  well  believe  that  the  world 
is  better  by  reason  of  his  sojourn  therein. 

Mr.  Haugh  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers   on   February  2d,   1909. 


FEANCIS  TALENTINE  TOLDERVY  LEE,  M.  Am.  Soc.  C.  E.* 


Died  August  17th,  1913. 


Francis  Valentine  Toldervy  Lee,  son  of  Francis  V.  T.  Lee,  of 
Shropshire,  England,  an  Officer  of  the  Queen's  Own  Light  Infantry-, 
was  born  at  Winchester,  England,  on  August  28th,  1870.  He  was 
educated  at  the  Manchester  Grammar  School,  at  Manchester,  England, 
and  the  College  Communal,  at  Boulogne,  France,  and,  in  1897,  was 
graduated  from  Leland  Stanford,  Jr.,  University,  with  the  degree  of 
A.  B.  in  Electrical  Engineering. 

In  1887,  Mr.  Lee  went  to  Sherbrooke,  Que.,  Canada,  and  for  three 
years  was  engaged  as  Private  Secretary  to  the  Chief  of  Construction 
of  the  Canadian  Pacific  Railway.  In  1890  he  resigned  this  position 
in  order  to  supplement  with  a  more  adequate  technical  training  part 
of  the  education  he  had  received  abroad.  After  a  visit  to  his  home 
in  England,  he  returned  to  New  York  City,  where,  in  1892,  he  entered 
the  employ  of  the  Manhattan  Electric  Light  Company,  as  Assistant  to 
the  Superintendent,  in  order  to  test  his  liking  for  the  work  before 
specializing  in  Electrical  Engineering. 

In  1893  he  entered  Leland  Stanford,  Jr.,  University,  and  there 
met  the  late  Dr.  F.  A.  C.  Perrine,  then  Professor  of  Electrical  Engineer- 
ing, which  meeting  resulted  in  one  of  the  great  friendships  of  Mr. 
Lee's  life.  As  his  Secretary  and  General  Laboratory  Assistant,  he 
came  intimately  in  contact  with  Dr*.  Perrine  during  his  college 
life,  and  so  strong  was  his  influence  that  many  of  Mr.  Lee's  old  friends 
often  remarked  on  the  little  personal  mannerisms  which  each  had  ac- 
quired unconsciously  from  the  other. 

Shortly  after  his  graduation  in  1897,  Mr.  Lee  was  appointed  As- 
sistant Engineer  to  Mr.  John  Martin,  District  Engineer  for  the 
Pacific  Coast  Department  of  the  Stanley  Electric  Manufacturing 
Company.  He  rose  rapidly  in  the  service  of  this  Company,  being- 
appointed  District  Engineer  in  1898,  Manager  in  June.  1899,  and, 
in  1900,  in  addition  to  his  position  as  Pacific  Coast  District  Manager 
of   the    Stanley    Electric    Manufacturing    Company    and    many    other 

*  Memoir  prepared  bv  the  Secretary  from  information  supplied  by  A.  H.  Babcock, 
Cons.  Elec.  Engr..  Southern  Pacific  Co.,  San  Francisco.  Cal. 
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Eastern  eleetrirnl  iiiiiinit';u'tur«M-s.  \\v  was  inado  Vice-President  and 
(uMieral  ManafitM'  nf  .lolin  Martin  anil  Company,  Electrical  Knginocrs 
and  Contractors.  Duriiifr  this  pcricxl  he  had  direct  supervision  of 
the  erection  of  many  of  the  earlier  lifihtinji'  and  power  jdants  wliich, 
later,  were  absorbed  by  the  Bay  Counties  Power  Company  and  the 
Pacific  Electric  Railway  Company. 

Til  April.  lOOG.  ^Ir.  Lee  severed  his  connection  with  John  Martin 
and  Cninpany.  but  followed  Mr.  Martin's  interests  into  the  Pacific 
Gas  and  Electric  Comi)any.  where  he  served  successively  as  As.sistant 
to  the  President,  in  charge  of  the  Engineering  and  Electrical  Depart- 
ments, Chairman  of  the  Engineering  Committee,  as  well  as  Assist- 
ant General  ^lanager  in  charge  of  and  responsible  for  the  construction 
and  operatit)n   of  the   hydraulic   developments   of   the   Company. 

In  1910,  Mr.  I^e  resigned  his  position  with  the  Pacific  Gas  and 
Electric  Comi)any,  and  until  a  few  months  before  his  death  spent  the 
time  with  his  family  at  his  old  home  in  England  and  traveling  on 
the  Continent.  He  had  returned  to  Victoria,  B.  C,  Canada,  which 
city  he  had  intended  to  make  his  future  home,  only  a  few  months 
before  his  death. 

On  September  2Tth,  1899,  he  was  married  to  Edith  K.  Bonnallie, 
of  Sherbrooke,  Que.,  Canada,  who,  with  two  daughters,  liuth  and 
^Nfargaret,  siirvives  him. 

^Ir.  Lee  died  before  much  of  his  work,  particularly  that  of  the 
last  seven  years,  had  time  to  demonstrate  its  real  worth.  In  all  his 
business  life,  his  relations  with  the  really  big  men  with  whom  he 
worked  brought  a  mutual  confidence  and  personal  regard  which,  in 
many  cases,  amounted  to  real  aifection.  For  the  others,  those  of  less, 
caliber,  he  had  a  good-humored  tolerance,  although,  at  times,  his  path 
was  made  exceedingly  rough. 

His  absolute  faith  in  the  kindliness  of  human  natun>  was  wonder- 
ful, for  he  had  many  rebuffs.  They  never  embittered  him.  liowever, 
and  he  refused  to  believe  any  harm  or  evil  of  any  one  until  he  had 
absolute  proof  of  it.  Many  times  he  was  heard  to  say  "  'They  say,' 
is  a  liar."  and  he  livcil  up  to  this  saying.  Those  who  came  intimately 
in  contact  with  him  knew  the  absolute  integrity,  the  uprightness,  and 
the  sweet  disposition  of  the  man.  and  are  thankful  for  their  memory 
of  him. 

^Ir.  Lee's  personal  tastes  were  sini|)le.  The  fine  a.rts,  of  which  he 
had  a  cultured  enjoyment.  api)ealed  to  him  strongly.  His  reading 
covered  a  wide  range,  and,  having  leisure,  he  enjo.ved  his  fine  reference 
library  to  the  full.  A  list  of  the  works  therein  is  an  indi'x  of  his 
versatility,  and  is  a  revelation  even  to  his  intimate  friends. 

At  the  time  of  his  death,  he  was  a  ^lember  of  the  American  Society 
of  Mechanical  Engineers,  the  Institution  of  f^lectrical  Engin(>ers.  the 
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American  Institute  of  Electrical  Engineers,  the  American  Gas  In- 
stitute, and  the  American  Electrochemical  Society.  He  was  also  a 
Member  of  Occidental  Lodge,  F.  &,  A.  M.,  of  California  Chapter,  E. 
A.  M.,  and  of  Golden  Gate  Commandeiy,  K.  T.,  all  of  San  Francisco. 
Mr.  Lee  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  February  1st,  1910. 


WILLIAM  NAPIER  RADENHURST,  M.  Am.  Soc.  C.  E.* 


Died  April  23d,  1913. 


William  ISTapier  Radenhurst,  the  son  of  John  and  Mary  Radenhurst, 
was  born  in  Toronto,  Ont.,  Canada,  on  November  5th,  1838.  He  at- 
tended the  Rensselaer  Polytechnic  Institute  during  1854,  '55,  and  '56, 
and  pursued  studies  in  Civil  Engineering.  As  a  young  man,  Mr. 
Radenhurst  was  employed  on  the  Grand  Trunin  Railway,  and  later 
traveled  in  New  Zealand  and  New  South  Wales. 

He  was  appointed  Draftsman  in  the  Department  of  Docks,  New 
York  City,  by  the  late  Gen.  George  B.  McClellan,  and  served  in  that 
capacity,  and  as  Surveyor  and  Inspector,  until  he  resigned  on  January 
1st,  1876.  He  was  afterward  connected  with  the  Western  Division 
of  the  New  York  State  Canals,  under  the  State  Engineer,  Robert 
Van  Buren,  M.  Am.  Soc.  C.  E.,  and  Division  Engineer  Evershed. 
During  this  period  he  made  surveys  of  Niagara  Falls  and  vicinity, 
when  the  State  took  over  the  Park  Reservation. 

In  1883,  Mr.  Radenhurst  became  Assistant  Engineer,  under  the 
late  J.  Nelson  Tubbs,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  of  the 
Executive  Board  of  the  City  of  Rochester,  N.  Y.,  and  retained  that 
office  under  Emil  Kuichling,  M.  Am.  Soc.  C.  E. 

He  was  appointed  Water-Works  Assistant  Engineer  on  January 
1st,  1900,  under  the  City  Engineer,  Edwin  A.  Fisher,  M.  Am.  Soc. 
C.  E..  which  position  he  retained  for  eight  years,  when  he  was  ap- 
pointed Assistant  Engineer  in  charge  of  Permits  and  Subways.  He 
retired  froin  active  professional  work  on  January  1st,   1910. 

He  was  married  in  1867  to  Frances  Hawksley,  of  Toronto,  Out., 
Canada,  who  survives  him. 

Mr.  Radenhurst  was  a  man  of  artistic  tastes  and  had  a  wide 
acquaintance  with  literature.  Although  of  a  retiring  disposition,  he 
had  many  warm  friends.  He  was  fond  of  children,  and,  having  none 
of  his  own,  he  and  his  wife  reared  and  cared  for  a  number  from 
childhood  to  maturity. 

Mr.  Radenhurst  was  elected  a  Junior  of  the  American  Society 
of  Civil  Engineers  on  July  7th,  1875,  and  a  Member  on  July  7th,  1880. 

*  Memoir  prepared  by  John  F.  Skinner,  M.  Am.  Soc.  C.  E. 
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Lewis  D.   Rights,  George  F.  Swain,   Emil  Swensson,  Joseph  R.  Worcester. 

On  Bituminous  Materials  for  Road  Construction  :  W.  W.  Crosby,  A.  W. 
Dean,  H.  K.  Bi-shop,  A.  H.   Blanchard. 

On  Valuation  of  Public  Utilities  :  Frederic  P.  Stearns,  H.  M.  Byllesby. 
Thomas  H.  Johnson,  Leonard  Metcalf,  Alfred  Noble,  William  G.  Raymond, 
Jonathan  P.  Snow. 

To  Investigate  Conditions  of  Employment  of,  and  Compensation  op, 
Civil  Engineers  :  Alfred  Noble,  S.  L.  F.  Deyo,  Dugald  C.  Jackson,  William  V. 
Judson,  George  W.  Tillson,  C.  F.  Loweth,  John  A.   Bensel. 

To  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Fotj-nda- 
tions,  etc.  :  Robert  A.  Cummings,  Edward  C.  Shankland,  Edwin  Duryea,  Jr., 
James  C.  Meem,   Walter  J.   Douglas,   Samuel  T.   Wagner,   Frank  M.  Kerr. 

On  a  National  Water  Law  :  F.  H.  Newell,  George  G.  Anderson,  Charles  W. 
Conxstock,  Clemens  Herschel,  W.  C.  Hoad,  Robert  E.  Horton,  John  H.  Lewis,  Charles 
D.  Marx,  Gardner  S.  Williams. 

On  Floods  and  Flood  Prevention  :  Prank  M.  Kerr,  John  A.  Bensel,  T.  G.  Dabney, 
C.  E.  Grunsky.  Morris  Knowles,  J.  B.  Lippincott,  Daniel  W.  Mead,  John  A.  Ockerson, 
Arthur  T.  Safford,  Charles  Saville,  F.  L.  Sellew,  C.  McD.  Townsend. 


The   House  of  the   Society   is   open   from   9   a.    m.    to   10   p.    m.   every   day,    except 
Sundays,   Fourth  of  July,   Thanksgiving  Day,   and  Christmas  Day. 

House  of  the  Society — 220  West  Fifty-seventh  Street,  New  York. 

Telephone   Number 5913   Columbus. 

Cable   Address "Ceas.    New   York." 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


Wednesday,  October  i.sth,  1913. — For  the  minutes  of  the  regular 
meeting  of  October  15th.  IdV),  which  was  held  in  New  Orleans,  La., 
see  page  700. 

Wednesday,  October  15th,  1913.— An  informal  meeting  was 
hold  at  the  Society  House;  Robert  Eidgway,  Director,  Am.  Soc.  C.  E., 
in  the  chair;  and  present,  also,  194  members  and  24  guests. 

George  A.  Harwood.  !M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Electric 
Zone  Improvements,  New  York  Central  and  Hudson  Kiver  Railroad, 
presented  a  lantern  slide  description  of  the  Grand  Central  Terminal 
work  in  New  York  City. 

A  vote  of  thanks  to  Mr.  Harwood,  proposed  by  Alfred  Noble, 
Past-President.  Am.   Soc.   C.   E.,  was  carried  unanimously. 

Adjourned. 
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November  5th,  1913. — The  meeting  was  called  to  order  at  S..'i(> 
V.  M.;  Vice-President  J.  Waldo  Smith  in  the  chair;  T.  J.  McJMinn, 
Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  l!)o  mem- 
bers and  '■20  guests. 

The  minutes  of  the  meetings  of  September  17th  and  October  1st, 
1913,  were  approved  as  printed  in  Proceedings  for  October,  191o. 

A  paper  entitled  "Concrete  Bridges :  Some  Important  Features  in 
Their  Design",  by  Walter  M.  Smith,  Sr.,  M.  Am.  Soc.  C.  E.,  and 
Walter  M.  Smith,  Jr.,  Jun.  Am.  Soc.  C.  E.,  was  presented  by  Mr. 
Walter  M.  Smith,  Sr.,  and  the  subject  was  discussed  by  Messrs.  C.  E. 
Gregory,  H.  H.  Quimby,  A.  C.  Janni,  Wilson  F.  Smith,  and  the  author. 
The  Assistant  Secretary  read  a  connnunication  on  the  subject  from  S. 
W.  Bowen,  M.  Am.  Soc.  C.  E. 

A  paper  by  J.  L.  Van  Ornum,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Effect  of  Saturation  on  the  Strength  of  Concrete'',  was  presented  by 
title,  and  communications  on  the  subject  from  Messrs.  E.  A.  Moritz, 
J.  R.  Worcester,  Walter  S.  Wheeler,  and  Clifford  Richardson,  were  read 
by  the  Assistant  Secretary.  The  paper  was  discussed  orally  by  H.  H. 
Quimby,  M.  Am.  Soc.  C.  E. 

The  Assistant  Secretary  announced  the  following  deaths: 

Ernest  Pontzen,  of  Paris,  France,  elected  Corresponding  Member, 
January  5th,  1876 ;  died  October  13th,  1913. 

Luther  Reese  Zollinger,  of  Philadelphia,  Pa.,  elected  Member, 
March  6th,  1901 ;  died  October  21st,  1913. 

Horace  Guy  Merrick,  of  La  Crosse,  Wis.,  elected  Associate  Mem- 
ber, May  7th,  1913 ;  died  October  30th,  1913. 

Adjourned. 

NEW  ORLEANS  MEETING, 

October  15th,  1913. — The  meeting  was  called  to  order  at  S.lo 
I'.  M..  in  the  Grunewald  Hotel,  New  Orleans.  La.;  Vice-President  J. 
Waldo  Smith  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  about  150  members  and  guests. 

Weston  E.  Fuller,  M.  Am.  Soc.  C.  E.,  presented  his  paper  entitled 
"Flood  Flows,"  illustrating  it  by  numerous  stereopticon  slides. 

President  Swain  took  the  chair. 

The  Secretary  read  a  discussion  by  Arthur  E.  Morgan,  M.  Am. 
Soc.  C.  E.,  and  announced  that  he  also  had  written  communications 
on  the  subject  from  Messrs.  E.  Kuichling,  Herbert  E.  Bellamy,  E.  F. 
Chandler,  H.  V.  Hinckley,  and  Allen  Hazen. 

Messrs.  Morris  Knowles  and  Arthur  E.  Morgan  discussed  the  paper 
orally.  The  other  written  discussions  were  not  presented  on  account 
of  lack  of  time. 

George  G.  Earl,  M.  Am.  Soc.  C.  E.,  delivered  a  very  interesting 
talk  on  the  Sewerage,  Drainage,  and  Water-Works  of  New  Orleans, 
which  was  illustrated  by  stereopticon  slides. 
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Tlu'  Soeivt;u-y  aiiiKuiiicfd  tliat  the  fullowiiif;-  niombers  of  the  Society 
had  been  appointed  hy  the  Hoard  of  Direction  as  a  Special  Committee 
to  draft  A  National  Water  Law :  ¥.  H.  Newell,  George  G.  Anderson, 
Charles  W.  Comstock,  Clemens  Herschel.  W.  C.  Hoad,  Eobert  E. 
Horton,  John  H.  Lewis,  Charles  D.  Marx,  and  Gardner  S.  Williams. 

The  Secretary  also  announced  that  the  Board  of  Direction  has  ap- 
pointed a  Special  Committee  to  Study  the  Question  of  Floods,  Flood 
Prevention,  and  otlier  allied  subjects;  that  tlie  Committee  is  not  (piite 
complete,  and  therefore  that  the  names  of  the  members  cannot  be  an- 
nounced at  present. 

Adjourned. 


REPORT  IN   FULL  OF    FIRST  SESSION,  NEW  ORLEANS  MEETING 

October  15th,  1913.— The  meeting-  was  called  to  order  in  the  Gold 
Room  of  the  Grunewald  Hotel,  New  Orleans,  La.,  at  10:30  a.  it.,  by 
F.  M.  Kerr.  M.  Am.  Soc.  C.  P>..  Chainnan  of  the  Local  Committee  of 
Arrangements. 

There  were  jiresent  al)out   l.">()  members  and  guests. 

Mr.  Kerr. — Ladies  and  gentlemen,  and  members  of  the  American 
Society  of  Civil  Engineers  and  of  the  Louisiana  Engineering  Society: 
As  Chairman  of  the  Local  Committee  of  Arrangements,  it  is  my  very 
|)leasant  duty  to  announce  the  opening  of  this  meeting  of  the  American 
Society  of  Civil  Engineers,  and  withoiit  further  preamble,  we  will 
proceed  to  carry  out  the  programme. 

The  first  item  on  the  programme  should  have  been  an  address  of 
welcome  by  His  Excellency,  Luther  E.  ITall,  Governor  of  the  State 
of  Louisiana,  but  to  our  great  regret,  the  Governor  was  called  out 
of  the  city  on  extremely  urgent  business  matters,  of  great  importance 
to  the  State,  and  is,  therefore,  unable  to  be  with  us  this  morning.  I 
am  sure  that  he  regrets  it  as  much  as  we  do. 

The  next  in  order  in  our  great  State,  is  our  beloved  Crescent  City, 
and  1  know  of  no  one  who  can  better,  more  sincerely,  more  fully,  and 
more  quickly  make  all  feel  entirely  at  home  with  us  than  our  iini)ular 
^Fayor,  the  Honorable  "Martin  P>(>lirnian.  whom  T  now  have  the  iileasure 
of  introducing  to  yon. 

^fwdu  Briirman. — Mr.  Chairman,  ladies  and  gentlemen,  members 
of  rho  American  Society  of  Civil  Engineers:  It  is  unnecessarj'  for  me 
to  tell  you  what  distinguished  pleasure  it  gives  me  this  morning  to 
welconie  to  our  city  the  members  of  the  American  Society  of  Civil 
Engineers  and  their  families.  I  always  knew  that  a  man,  to  be  a 
C'wW  Engineer,  naturally,  of  course,  must  be  educated;  he  must  be  a 
level-headed  man,  and  this  is  evidenced  more  especially  to-day  by  the 
fact  that  so  mauv  of  the  nicuibcrs  have  brought  their  wives  with  them. 
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because  I  know  from  experience  that,  no  matter  how  carefully  we  may 
draw  our  plans,  the  head  of  the  household  must  sometimes  be  allowed 
a  little  liberty.  So,  I  say  to  the  engineers,  so  many  of  whom  have 
brought  their  wives,  that  whatever  plans  have  been  made  for  their 
entertainment,  I  know  will  include  and  have  the  full  approval  of  their 
entire  families. 

It  is  with  peculiar  delight  that  I  welcome  you  here  to-day,  for  the 
reason  that  we  owe  so  much  in  this  section  to  the  brains  of  the 
members  of  your  Profession  and  Society.  We  have  a  great  number 
of  the  members  of  your  Society  here  who  have  done  a  great  deal 
to  put  this  city  in  its  present  position.  Our  systems  of  sewerage  and 
drainage  and  our  levee  system  are  all  due  to  the  intellects  of  the  mem- 
bers of  your  organization.  I  am  glad  that  you  all  are  going  to  have 
an  opportunity  to  see  the  results  of  some  of  the  work  of  these  en- 
gineers. 

You  will,  of  course,  have  an  opportunity  to  inspect  our  magnificent 
harbor.  You  will  see  the  long  lines  of  great  docks  covered  with  steel 
sheds.  You  will  see  a  practical  belt  railroad  in  operation.  You  will 
see  our  splendid  filtration  plant,  clarifying  the  waters  of  the  Mississippi 
River,  which  at  one  time  was  thought  impossible.  You  will  see  our 
magnificent  school  buildings.  You  will  see  the  wonderful  docks  at  Port 
Chalmette,  and  the  new  roads  and  highways  of  the  City  of  New  Or- 
leans. In  fact,  you  will  see  so  many  things  that  will  be  of  interest 
to  the  members  of  your  Profession,  that  you  will  all  be  glad  that  you 
have  come  to  New  Orleans. 

When  I  stand  before  you  as  the  representative  of  this  municipality, 
uttering  these  words  of  welcome,  I  know  that  the  city  has  a  well- 
earned  and  well-merited  reputation  to  sustain  for  its  hospitality,  but 
in  the  use  of  the  mere  formal  word  of  welcome,  it  does  not  mean  the 
cold,  chilly  word  "welcome"  alone;  when  we  say  that  we  give  to  you 
the  keys  of  our  city  it  does  not  mean  a  superficial  key  presented  to 
you ;  it  means  that  it  opens  the  hearts  and  homes  of  all  our  people 
to  the  stranger  who  comes  this  way. 

In  this  city  you  will  find  much  of  interest  to  you,  both  of  history 
and  of  tradition.  The  great  wide  street  below  this  hotel  practically 
divides  the  old  from  the  new.  Below  Canal  Street  you  will  find  scenes 
which  remind  you  of  ^Madrid  and  Paris,  and  above  Canal  Street  you 
will  see  the  live,  hustling,  bustling  American  city. 

On  Canal  Street — :I  say  this  for  the  particular  benefit  of  the  ladies 
— you  will,  find  the  most  magnificent  shopping  district  in  this  country. 

Now,  I  know  you  have  not  come  here  to  listen  to  a  speech  from  me, 
but  I  want  to  say  to  you  that  I  am  proud  of  our  city,  and  I  want  you 
to  leave  here,  feeling  pride  in  the  things  that  have  been  done  by  the 
members  of  your  Profession.  You  know  that  a  great  many  people 
say  we  are  too  modest  down  here.     I  told  the  grain  dealers  yesterday 
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that  a  man  who  has  been  a  caiuluhite  lor  i)nblic'  position  several 
times  cannot  be  accused  of  being  very  modest,  beca\ise  he  has  to  get 
out  and  hustle,  and  ask  people  to  vote  for  him,  and  that,  you  know, 
has  a  great  tendency  to  remove  any  traces  of  modesty. 

Of  course,  I  know  that  you  gentlemen  of  the  Engineering  Societies 
will  not  look  at  the  many  important  works  which  have  been  carried 
(111  here,  and  which  mean  so  much  to  tliis  section  of  the  country,  from 
the  business  point  of  view,  but  you  will  look  at  them  from  the  engineer- 
ing standpoint,  and  see  the  wonderful  results  which  have  been  accom- 
plished by  the  engineers.  You  will  learn  that  we  have  two  sets  of 
sewer  systems,  one  for  sanitary  purposes  and  the  other  for  taking  care 
of  the  (Irainago  of  the  city,  and  I  know  that  the  necessity  for  these 
will  be  explained  to  you  by  some  of  the  members  of  your  Society. 

Again.  I  wish  to  say  that  it  is  my  great  pleasure  and  delight,  this 
morning,  on  behalf  of  all  tlie  people  of  this  city,  to  bid  you  a  most 
hearty  welcome. 

Mr.  Kerr. — Associated  with  the  members  of  the  American  Society 
of  Civil  Engineers,  is  the  Louisiana  Engineering  Society,  and  in  our 
endeavors  to  welcome  and  entertain  you  as  our  guests,  we  have  with 
us  on  the  platform  to-day  the  President  of  that  Society,  who  will  speak 
on  its  behalf.  I  have  the  pleasure  of  introducing  Mr.  Shaw,  President 
of  the  Louisiana  Engineering  Society. 

A.  M.  Shaw,  M.  Am.  Soc.  C.  E. — Ladies  and  gentlemen  and  fel- 
low-nieinbers:  After  those  kind  words  of  introduction  from  Mr.  Kerr, 
I  liardly  have  the  face  to  start  my  remarks  as  I  had  intended, 
but  must  ask  some  kind  and  disinterested  person  to  make  a  careful 
record  of  the  time  consumed  by  me,  and  compare  it  with  the  gentle- 
men who  follow  me,  because  the  only  source  of  friction  at  the  many 
pleasant  meetings  which  the  Local  Committee  has  had  in  preparing 
for  this  affair  has  been  the  insistent  demand,  that  has  been  made  and 
continuously  impressed  on  me,  that  I  should  make  my  remarks  brief, 
boil  them  down,  make  them  short,  and  shorter,  and  I  want  a  careful 
comjiarison  made. 

You  have  been  welcomed  to  our  city  by  his  Honor,  the  Mayor, 
and  it  is  now  in  order  that  you  should  be  greeted  by  the  local  engineer- 
ing society,  as  we  are  comparatively  strangers,  and  among  those  present 
it  might  be  well  for  some  one  to  start  introducing  one  another. 

As  for  the  Louisiana  Engineering  Society,  I  want  to  say  that  it 
was  organized  in  1898,  and  during  its  fifteen  years  of  life,  has  ex- 
perienced the  usual  ups  and  downs  of  an  organization  of  that  nature. 
Tt  now  has  about  190  members,  divided  into  grades  corresponding  ap- 
jiroximately  to  those  of  the  American  Society  of  Civil  Engineers; 
we  also  have  resident  and  non-resident  members,  associates,  and 
juniors,  and  a  student  membership,  to  which  are  eligible  the  members 
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of  the  senior  classes  in  engineering  in  our  Tulane  University  of  New 
Orleans,  and  the  State  University  at  Baton  Eouge. 

The  Louisiana  Society  numbers  among  its  members,  and  espe- 
cially among  its  past-presidents,  engineers  who  have  made  their  mai-ks 
in  the  Profession.  Now,  I  am  going  to  take  occasion  to  explain  a 
predicament  in  which  we  find  ourselves.  We  have  an  article  in  our 
Constitution  which  provides  that  no  President  may  succeed  himself  in 
office,  and  this  article  the  members  of  the  Association  have  distorted 
into  the  view  that  no  Past-President  is  eligible  for  re-election.  The  re- 
sult is  that  we  have  exhausted  all  the  a.vailable,  or  suitable,  presi- 
dential timber,  and,  as  the  mill  men  down  here  say,  when  they  have 
cut  oil  all  their  long-leaf  yellow  pine,  the  mill  is  now  working  in 
loblolly,  and  that  will  explain  how  I  came  to  be  President. 

We  claim  much  credit  for  work  that  has  been  done  by  the  Society 
in  the  past,  and  by  various  members  of  the  Society  in  the  past  few 
years,  for  the  betterment  of  conditions  surrounding  the  Profession. 
Perhaps  the  most  notable  work  was  securing  the  ena.ctment  of  a  law 
regulating  the  practice  of  Civil  Engineering  by  the  State  of  Louisiana, 
the  local  society  of  engineers  being  largely  responsible  for  it.  A  great 
deal  has  been  said  and  written  in  adverse  criticism  of  this  law,  many  of 
the  regulations  of  which  are  claimed  to  be  irksome,  but  our  only  reply 
is  that  here  in  Louisiana  it  has  been  a  success — not  an  unqaulified 
success — no  one  expected  that,  but  a  sufficiently  pronounced  success  fully 
to  justify  its  existence.  Perhaps  the  greatest  benefits  which  have  been 
derived  are  not  so  much  the  fear  of  punishment  for  violations  of  the  law, 
but  that  the  general  conditions  of  the  engineeers  themselves  have  been 
bettered;  and  I  well  remember  the  discussion  that  occurred  at  the  time 
the  law  was  being  considered,  and  now  see  the  betterment  that  has  re- 
sulted from  its  operation.  In  these  discussions,  it  has  been  evident  to 
every  one  that  there  is  a  necessity  for  this  among  the  better  engineers, 
and  this  has  established  a  code  of  ethics,  not  well-defined  and  vmiform, 
but  one  that  has  tended  to  a  better  understanding  among  the  members 
of  the  Profession. 

In  bringing  this  about,  the  Louisiana  Engineering  Society  and  its 
members  deserve  considerable  credit  for  the  work  done  along  those 
lines;  and,  that  being  the  case,  I  present  to  you  a  body  of  men  who 
are  with  the  members  of  the  American  Society  of  Civil  Engineers  in 
their  efforts  to  raise  the  standards  of  the  Profession  and  increase  the 
esteem  in  which  it  is  held  by  the  public  at  large.  I  have  pleasure 
in  presenting  to  you  the  Louisiana  Engineering  Society. 

Mr.  Kerr. — The  next  item  on  our  programme — I  do  not  wish  to 
inflict  on  you  any  remarks  from  the  Chairman  of  the  Local  Committee 
of  Arrangements,  because  I  feel  that  everything  that  could  be  said,  has 
been  included  in  the  remarks  of  Mr.  Shaw — but  we  have  with  us  one 
of  the  most  prominent  members  of  the  Engineering  Profession,   and 
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I  have  plciisuro  in  introducing  to  you  a  frpntlomn.n  who  is  woll  known 
tn  almost  all  of  you.  Mr.  Swain.  President  of  the  American  Society 
of  Civil   Kiifiineers.  -   ;■,,:. 

(Jkokok  F.  Swain,  Prksidknt.  Am.  Soc.  C.  E. — Your  Honor,  Mr. 
Pri'sident  of  the  Louisiana  Enpinooring:  Society,  Mr.  Chairman  of  the 
Committee  of  Arranfjemeuts:  On  behalf  of  the  American  Society  of 
Civil  Engineers,  which  I  have  the  honor  to  represent  on  this  occasion.  I 
tender  you  our  most  hearty  thanks  for  your  kind  words  of  welcome.  We 
arc  very  iilad  indeed  to  be  here,  and  we  are  glad  that  you  are  glad 
t<i  see  us.  According  to  my  experience,  there  is  scarcely  anything  that 
is  more  instructive  than  travel.  Not  only  does  one  meet  new  people, 
but  the  fact  that  he  keeps  his  eyes  open  and  observes  what  he  really 
sees,  necessarily  gives  him  a  broader  point  of  view,  makes  him  more 
modest,  and  less  self-satisfied.  After  we  have  been  accustomed  at 
home  for  years  to  doing  our  work  in  our  own  way.  until  we  finally 
come  to  think  that  is  neces.sa.rily  the  best  way,  and  that  no  improve- 
ments can  be  made,  if  we  then  go  into  another  part  of  the  country, 
and  see  other  people  doing  that  same  work  in  perhaps  a  better  way, 
or,  at  all  events,  in  a  different  way.  along  lines  that  seem  to  be  an 
improvement  on  our  own  method,  and  see  them  solving  problems  very 
different  from  those  we  have  to  face,  and  which  we  have  never  thought 
■  if,  we  nuist  necessarily  gain  a  great  deal  of  information  from  the 
different  points  of  view,  and  come  to  feel  a  little  bit  more  modest, 
and.  as  I  said,  a  little  less  self-satisfied.  We  must  have  a  little  more 
regard  and  appreciation  for  other  people. 

We  have  come  here  to  this  meeting,  as  I  understand  it.  from  dis- 
tant parts  of  the  country.  Sonie  of  us  from  New  England,  with  its 
rocky  soil,  where  the  principal  crop  is  the  ice  crop,  some  of  us  from 
the  far  West  with  its  boundless  wheat  fields,  and  the  rest  of  us  from 
I  lie  Southern  portions  of  the  country.  We  have  come  to  this  beautiful 
sunny  southern  land,  whh  its  rice  fields,  its  plantations  of  sugar  cane, 
its  balmy  breezes  and  all  the  other  different  conditions — the  differ- 
ences between  this  land  and  ours — and  I  think  that  we  will  all  give 
more  thought  to  these  things,  and  to  the  realization  of  the  great 
diversity  of  this  great  land  of  ours,  the  great  diversity  in  its  products, 
and  we  will  be  made  to  realize  that  this  great  country  offers  resources 
sufficient  for  almost  every  need  of  the  people  who  inhabit  it ;  sufficient 
not  only  for  almost  every  need,  but  almost  every  luxury,  and  it  must 
make  us  feel,  therefore,  that  if  we  do  not  permanently  remain  a  pros- 
perous, contented,  and  happy  people,  it  is  not  for  any  lack  of  physical 
resources  with  which  it  is  endowed  by  the  Creator,  but  it  must  be 
because  we  do  not  use  those  resources  wisely,  or  because  we  perhaps 
do  not  take  the  proper  point  of  view  with  reference  to  the  duties  of 
one  man  to  another. 
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Then,  there  are  other  advantages  in  going  from  one  part  of  the 
country  to  another,  because  of  the  opportunities  afforded  to  learn  to 
know  the  people  in  other  sections.  This  diversity  between  the  different 
parts  of  the  land  means  some  diversity  in  the  physical  characteristics, 
and  diversities  in  the  people,  and  I  am  sure  that,  for  my  part,  I  know 
nothing  more  beneficial  than  to  travel  to  distant  parts  of  the  country, 
and  to  learn  to  know  the  people  there.  I  wish  we  had  more  travel  in 
our  own  country,  and  if  I  had  my  way,  I  would  do  something  to  see 
that  every  American  should  see  his  own  country — the  North,  the 
South,  the  East,  and  the  West — before  going  to  foreign  lajids.  Of 
course,  we  all  realize  that  in  every  part  of  our  countiy  there  are  dif- 
ferent points  of  view,  different  problems,  and  different  necessities, 
and  especially  in  forming  our  opinions  on  the  various  matters  which 
we  are  asked  to  form  an  opinion  on,  we  must  do  that  justly. 

We  engineers  represent  a  class  of  people  who  are  concerned  in 
dealing  with  the  natural  resources,  making  them  available  to  man, 
but,  in  doing  this  work,  two  of  the  strongest  aids  to  the  engineer  are 
the  financier  and  the  promoter.  That  combination  is  requisite  for 
developing  and  making  available  the  natural  resources.  When  we 
come  here  from  other  parts  of  the  country,  we  find  that  you  in 
Louisiana  have  very  different  problems  confronting  you  from  those 
we  have  in  the  North.  You  Irave  to  control  the  great  "Father  of 
Waters",  you  have  your  problems  of  sewerage  and  drainage  which  are 
so  much  to  you,  and  we  shall  study  with  great  interest  those  problems 
presented  to  you  here.  I  am  sure  that  we  shall  go  back  to  our  own 
difficulties  better  able  to  solve  the  problems  that  we  shall  have,  from 
a  study  of  the  means  by  which  you  have  overcome  the  problems  facing 
you. 

I  understand  that  you  have  great  resources,  great  agricultural 
resources,  and  in  addition  to  that,  you  have  an  untold  supply  of  gas, 
great  deposits  of  oil,  salt,  and  sulphur,  and  probably  other  natural 
resources  that  I  know  nothing  about.  We  shall  pay  much  attention, 
and  study  as  carefully  as  our  limited  time  allows  us  what  you  have 
done  in  developing  those  resources. 

I  cannot  forbear,  in  connection  with  this  visit  of  the  American 
Society  of  Civil  Engineers  to  the  South,  from  saying  that  it  is  of 
great  per.sonal  interest  to  me,  because  my  first  engineering  work  was 
done  in  the  South,  in  connection  with  the  study  of  one  of  its  gi-eat 
resources,  not  so  great  a  resource  in  this  State  as  in  some  of  the  other 
States,  but  still,  a  great  resource  in  the  South,  and  that  is,  its  water 
power. 

At  that  time,  a  great  many  years  ago,  as  a  young  man,  I  came  to 
know  the  South  and  to  know  the  Southern  people,  and  I  came  to 
love  them — and  I  want  to  say  that  no   one  can  know  them  without 
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loving  them — and,  therefore,  this  visit  is,  as  I  have  said,  of  peculiar 
interest  to  me;  ever  since  those  days  I  have  embraced  every  oppor- 
tunity which  presented  itself  to  come  to  see  them. 

Xow.  your  Honor,  and  the  gentlemen  who  represent  the  Louisiana 
Engineering  Society,  again  1  thank  you  for  your  cordial  words  of 
welcome,  and  for  the  oifcr  of  the  hospitality  of  this  city— that  well- 
known  Southern  hospitality— and  I  feel  safe  in  saying  that  you  could 
not  have  any  more  appreciative  guests  than  we  shall  bo. 

Again,  I  thank  you. 

Mr.  Ki-.rr.— We  have  not  with  us  to-day  the  first  lady  of  the  land, 
the  wife  of  the  President  of  the  United  States,  but  we  have  with  us 
the  first  lady  of  the  American  Society  of  Civil  Engineers,  the  wife 
of  the  esteemed  President  of  that  Society,  and  on  behalf  of  the 
Louisiana  Engineering  Society,  I  take  great  ideasure  in  presenting 
to  her  this  bunch  of  goldenrod. 

Mrs.  Sw.m.n.- — Members  of  the  Louisiana  Engineering  Society:  I 
thank  you. 

Mr.  Kkrr. — If  you  all  will  pardon  me,  this  comes  a  little  late,  but 
I  have  just  received  this  telegram  from  his  Excellency,  Governor 
Hall: 

'"I  regret  very  much  my  inability  to  attend  the  Convention  of  the 
American  Society  of  Civil  Engineers.  I  have  asked  Mr.  Alexander 
to  represent  me." 

I  have  also  a  letter  that  T  think  will  please  the  members  of  the 
Society,  from  a  very  charming  lady,  Mrs.  B.  M.  Harrod,  the  widow 
of  Major  B.  M.  Harrod,  a  former  President  of  the  American  Society 
of  Civil  Engineers,  which  she  asks  me  to  read. 

"1734  West  Beach,  Biloxi,  Miss., 

"October,    1913. 
"Mrs.    P>.    M.    llAKRon    sends    greetings    of    love    to    The    American 
Society  of  Civil   Engineers,  and  regrets  that  absence  from   home  will 
prevent  her  meeting  them  in  person. 

"I  have  not  forgotten  that  you  crowned  me  your  Queen  in  Quebec 
It  was  ever  a  source  of  joy  and  pride  to  both  the  Major  and  myself. 
"May  God  bless,  and  prosper  you  in  all  your  undertakings. 
"Very  trulv  yours. 

"Mrs.  B.  M.  Harrod." 

Mr.  Kerr. — Another  announcement  which  I  wish  to  make  before 
we  get  to  other  parts  of  the  programme  is  that  to  the  members  of  the 
American  Society  of  Civil  Engineers  are  extended  the  courtesies  of 
the  Young  Men's  Gymnastic  Club,  the  Chess,  Checkers,  and  Whist 
Club,  and  the  Southern  Yacht  Club,  to  which  you  all  will  be  admitted 
on  presentation  of  your  badges. 

I  also  have  an  invitation  from  the  Tulane  T'^'niversity  of  Louisiana 
at  New  Orleans,  on  behalf  of  the  Board  of  Adininistrators  and  Faculty. 
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Next  on  the  prog:ramme  is  an  address  by  John  F.  Coleman,  M.  Am. 
Soc.  C.  E.,  one  of  our  prominent  engineers,  who  will  describe  the  local 
topographical  peculiarities  in  New  Orleans. 

Mr.   Coleman   then   addressed   the  meeting. 

Mr.  Kerr. — It  now  gives  me  great  pleasure,  and  I  know  it  will 
be  yoiirs,  to  introduce  Arsene  Perrilliat,  M.  Am.  Soc.  C.  E.,  who 
will  tell  you  something  about   Mississippi  River  control. 

Mr.  Perrilliat  then  addressed  the  meeting. 

Mr.  Kerr. — I  now  have  pleasure  in  introducing  to  you  Mr.  Alex- 
ander. President  of  the  Conservation  Commission  of  the  State  of 
Louisiana,  who  will  represent  the  Governor  and  say  something  to  you 
in  his  name. 

Mr.  Alexander. — Mr.  Chairman,  ladies  and  gentlemen,  and  mem- 
bers of  the  American  Society  of  Civil  Engineers :  I  first  wish  to  apolo- 
gize for  my  apparent  neglect  in  not  being  here  sooner,  and  wish  to 
state  that  only  a  few  moments  ago  I  received  the  Governor's  telegram 
requesting  that  I  appear  before  you  and  express  his  regrets. 

I  want  to  say  to  you  on  behalf  of  the  Governor  that  he  is  deeply 
interested  in  the  engineering  problems  that  affect  the  State  of  Louisi- 
ana, and  he  is  deeply  appreciative  that  this  meeting  is  being  held  in 
the  principal  city  in  the  State  of  Louisiana,  and  on  his  behalf  I  wish 
you  all  a  very  cordial  and  hearty  welcome,  and  with  the  whole  i)eople 
of  the  State  of  Louisiana,  I  sincerely  trust  that  your  stay  in  our  midst 
will  be  both  profitable  and  pleasant. 

It  would  be  probably  not  inappropriate  if  I  should  say  to  you 
briefly  something  of  the  resources  of  Louisiana.  I  should  feel  particu- 
larly inclined  to  do  that,  as  President  of  the  Conservation  Com- 
mission of  the  State  of  Louisiana,  the  Commission  which  has  charge 
of  all  the  State's  natural  resources,  and  I  am  always  glad  to  exploit 
them,  and  to  tell  those  who  come  into  our  midst,  whenever  I  have 
an  opportunity,  something  of  the  wonderful  riches  of  the  State  of 
Louisiana. 

These  resources  in  themselves  have  brought  up  some  great  problems 
in  engineering,  problems  in  which  I  am  sure  you  will  all  be  intei*ested. 
For  instance,  take  the  great  sulphur  mines  of  Calcasieu  Parish,  the 
g-reatest  sulphur  deposit  in  all  the  world,  where  the  sulphur  is  being 
mined  from  the  earth  99.9%  pure,  and  where  there  is  now  something 
like  $12  000  000  worth  of  sulphur  pumped  out  of  the  ground  lying 
in  bins  on  top  of  the  earth  ready  for  marketing.  That  mine  has 
presented  one  of  the  greatest  problems  in  engineering,  and  before  the 
people  who  now  operate  it  took  hold  of  it,  many  firms  had  "gone 
broke"  in  attempting  to  solve  it.  I  understand  that  the  mine  was 
originally  owned  by  some  people  in  France,  who  attempted  to  reach 
the  sulphur  deposit  by  sinking  shafts,  but  owing  to  the  shifting 
nature  of  the  soil,   quicksands,  etc..  they  were  unable  to   do   so,   and 
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tiiKilly  a  plan  was  invented  of  pumping  hot  water  down  into  the  bowels 
of  the  earth,  melting  the  .sulphur,  which  w'as  brought  ui)  in  licpiid  form, 
run  into  bins,  where  it  solidified,  and  became  great  mountains  of 
sulphur. 

In  the  northern  pari  of  the  Slate,  we  have  those  wonderful  oil 
fields  i)f  Caddo  Parish,  probably  the  greatest  oil  fields  in  the  United 
States,  if  not  in  the  world,  which  are  yielding  something  like  one 
million  barrels  of  oil  per  month — oil  of  the  very  finest  grade.  These 
oil  fields  have  alsd  jirovided  some  great  engineering  probleni.s.  Ke- 
eently,  a  well  was  brought  in  which  yielded  something  like  twenty- 
five  thousand  barrels  of  oil  per  day;  that  well  caught  fire,  and  it  was 
a  great  feat  of  engineering  to  put  it  out.  It  ran  wild  for  something 
like  fifteen  or  twenty  days,  and  cost  the  owners  something  like  twenty- 
five  thousand  dollars  per  day  in  addition  to  the  expense  of  extinguish- 
ing the  fire.  1  believe  that  the  only  process  that  was  found  practicable 
was  to  assemble  about  fifty  steam  boilers  around  the  well  and  simply 
drown  it  with  steam.  In  this  way  it  was  finally  brought  under  con- 
trol. 

Another  of  the  great  resources  of  Louisiana  is  the  great  natural 
gas  fields,  also  in  Caddo  Parish,  and  producing  now,  for  commercial 
and  domestic  purposes,  something  like  two  hundred  million  cubic  feet 
of  gas  per  day.  There  was  a  well  in  that  field  which  had  run  wild 
and  had  been  burning  for  6  years;  this  well  was  a  blazing,  raging  tor- 
rent of  gas  and  water,  and  had  formed  an  immense  crater  around  it. 
It  was  considered  so  great  a  problem  in  this  country  that  Government 
experts  who  had  visited  and  inspected  it,  commented  on  it,  and  it 
was  held  to  be  a  great  disgrace  that  the  State  of  Louisiana  should 
permit  this  enormous  waste.  It  was  estimated  that  the  well  was  wast- 
ing, or  exhausting,  something  like  forty  or  fifty  million  cubic  feet 
of  gas  per  day,  and  that  l)efore  the  final  closing  something  like  two 
hundred  million  cubic  feet  of  gas  had  gone  to  w^aste.  The  Con- 
servation Commission  of  Louisiana,  through  its  Engineering  Depart- 
ment, took  hold  of  this  proposition,  and,  with  the  co-operation  of  the 
owners,  went  to  work  to  stop  it.  It  had  been  estimated  that  the  cost 
of  closing  the  well  would  be  anywhere  from  twenty-five  thousand  to 
one  hundred  and  fifty  thousand  dollars.  As  I  said,  when  we  took  hold 
of  the  i)roblem.  there  was  an  immense  crater  surrounding  the  well, 
and  by  boring  it,  we  discovered  where  the  trouble  existed,  and  found 
that  nothing  could  be  done  looking  to  filling  the  crater  and  thus 
stopping  the  flow  of  ga.s.  Then  the  engineers  evolved  the  idea  of 
putting  down  a  relief  well,  seventy-five  feet  away;  this  well  was  sunk 
down  to  the  stratum  from  which  the  gas  was  coming  in  the  original 
well.  After  reaching  that  stratum  and  making  tlieir  investigation, 
the  engineers  decided  that  the  only  thing  to  do  was  to  pump  water 
down   into   it,   and   finally   force   an   entrance  between    the   two   wells. 
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After  pumping  something  like  four  or  five  million  gallons  of  water 
into  the  relief  well,  they  finally  drowned  out  the  wild  well,  and  the 
entire  expense  of  the  solution  of  this  problem  was  something  less 
than  six  thousand  dollars. 

There  are  many  other  problems  from  an  engineering  standpoint 
in  which  we  are  all  interested.  We  have  the  wonderful  salt  deposits 
of  Iberia  Parish,  which  I  understand  you  are  to  visit.  This  is  prob- 
ably the  greatest  salt  deposit  on  the  Western  Hemisphere.  It  exists 
in  a  salt  marsh  in  the  southern  portion  of  Iberia  Parish,  on  the  Gulf 
Coast,  and  the  salt  which  comes  from  it  is  99.8%   pure. 

And  then  we  have  the  wonderful  waterways  of  Louisiana.  Of 
course,  the  problem  of  the  Mississippi  Kiver,  which  has  been  briefly 
explained  to  you,  I  understand,  by  Mr.  Perrilliat,  is  probably  one  of 
the  greatest  confronting  the  Engineering  Profession  to-day,  and  I 
need  not  touch  upon  it. 

The  reclamation  problem,  of  draining  our  wet  lands  and  bringing 
them  into  cultivation,  is  another  of  the  vast  problems  confronting  us, 
and  I  am  glad  to  say  that  this  is  being  solved  by  men  of  your  profession, 
and  thousands  of  acres  of  the  very  richest  land  on  earth  are  annually 
being  brought  into  cultivation.  These  lands  are  capable  of  growing 
anything  that  grows. 

Off  our  southern  coast,  we  have  another  great  resource,  the  great 
game  preserve.  It  is  near  Avery's  Island,  which  contains  the  salt 
mines  you  are  to  visit.  This  is  the  greatest  game  preserve  in  the  world, 
protected  under  the  laws  of  the  State  of  Louisiana,  and  comprises 
something  like  one  hundred  thousand  acres,  set  aside  as  a  resting  and 
breathing  place  for  wild  fowl  of  all  kinds. 

Another  of  our  great  resources  is  the  immense  oyster  beds,  prob- 
ably the  greatest  in  size  in  the  United  States,  with  something  like 
four  hundred  thousand  acres  available  for  the  propagation  of  the 
finest  oysters  in  the  country ;  and  these  oysters  are  going  to  continue 
to  grow  and  develop  the  value  of  these  lands  very  much  in  the  future, 
for  the  State  of  Louisiana.  These  are  only  a  few  of  the  many ,  advan- 
tages we  have.  We  have  the  most  delightful  climate  in  the  world,  cool 
and  pleasant  in  the  summer,  warm  and  delightful  in  the  winter;  there 
is  hardly  a  month  in  which  you  cannot  grow  something  in  these 
wonderfully  fertile  lands  of  ours;  of  these  and  the  many  advantages 
to  be  gained  by  those  who  come  to  make  their  homes  among  us,  we 
want  you  to  know. 

On  behalf  of  the  Governor  of  the  State,  I  bid  you  a  very  cordial 
welcome  to  the  State  of  Louisiana. 

Mr.  Kerr. — Gentlemen,  I  have  here  a  resolution  which  I  have  been 
asked  by  J.  A.  Ockerson,  Past-President,  Am.  Soc.  C.  E.,  to  present 
in  his  behalf: 
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"Kesolvkd:  That  we  extend  our  most  cordial  greetings  to  Mrs. 
Harrod.  and  express  our  deep  appreciation  of  her  graceful  recogni- 
tion of  our  presence  in  this,  her  home  city." 

The  resolution  was  seconded  and  carrit:^!  iinanimovisly. 
A  Membkr. — I  move  that  a  telegram  be  transmitted  to  Mrs.  Harrod 
conveying  this  resolution. 

This  motion  was  duly  seconded  and  adopted. 
Adjourned. 


EXCURSIONS  AND  ENTERTAINMENTS 
NEW   ORLEANS  MEETING 

The  arrangements  for  the  Excursions  and  Entertainments  were  in 
the  hands  of  the  following  Committee: 

Frank  M.  Kerr,  Chairman, 

J.  F.  Coleman,  Arsene  Perrilliat, 

E.  L.  Jahncke,  a.  M.  Shaw, 

Sidney  F.  Lewis,  W.    H.   Williams, 

A.   M.  N.  Blamphin. 

Wednesday,  October  15th,  1918,  2  F.  M. — All  those  in  attendance 
were  taken  by  automobile  on  a  long  trip  through  the  city,  which 
occupied  the  whole  afternoon. 

Thursday,  October  16th. — The  members  and  their  guests  were 
taken  on  a  trip  in  New  Orleans  Harbor  in  the  Steamer  St.  James. 
This  boat,  a  typical  Mississippi  steamer,  with  a  large  party  on  board, 
left  the  landing  near  the  head  of  Canal  Street  at  10  a.  m.  and  steamed 
to  all  parts  of  the  harbor.  Lunch  was  served  on  board.  At  the  head 
of  Carrollton  Avenue  the  party  landed,  and  in  automobiles  visited  and 
inspected  the  Water  Filtration  plant.  Drainage  Pumping  Stations,  and 
other  engineering  works,  returning  to  the  hotel  at  5.30  p.  m. 

S  P.  M. — There  was  a  large  attendance  at  a  "Smoker"  given  in  the 
Hotel  Grunewald. 

Friday,  October  17th. — At  11  a.  m.  the  party,  in  small  groups,  for 
which  guides  were  provided,  visited  the  old  French  quarter  of  the  city. 

2.30  P.  M. — In  the  afternoon  a  Garden  Party  at  the  grounds  of  the 
Country  Club  was  attended  by  a  large  number  of  members  and  guests. 

8.30  F.  M. — A  Dinner  Dance  was  given  in  the  evening  in  the  roof 
garden  of  the   Hotel   Grunewald. 

Saturday,  October  18th. — The  day  was  devoted  to  an  excusion  to 
Avery  Island  and  the  Salt  Mines  near  New  Iberia,  and  was  enjoyed 
by  a  large  number  of  members  and  guests.  At  8.  a.  m.  the  party  was 
conveyed  in  special  cars  of  the  New  Orleans  Railway  and  Light  Com- 
])any,  to  the  Southern  Pacitic  Ferry  at  the  head  of  Esphuiade  Ave- 
nue, and  crossed  the  river  to  Algiers.     There,  by  the  courtesy  of  the 
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Southern  Pacific  Railroad.  Mr.  Guy  Iloplcins,  General  Superintendent, 
a  special  train  was  provided.  Throvigh  the  courtesy  of  General  Dudley 
Avery,  of  the  Avery  Rock  Salt  Mining-  Company,  and  Messrs.  E.  A. 
Mcllhenny,  E.  A.  Hill,  and  Sidney  Crawford,  connected  therewith, 
every  facility  was  aiforded  for  a  complete  inspection  of  the  salt  mines. 
Luncheon  was  served.  The  return  to  New  Orleans  was  somewhat 
delayed,  the  party  arriving  there  about  11.30  p.  m. 

9.Jf5  P.  M. — A  number  of  members  took  advantage  of  the  oppor- 
tunity to  visit  the  Panama  Canal,  sailing  for  the  Isthmus  on  one  of 
the  United  Fruit  Company's  steamers. 

Attendance 

At  this  meeting  of  the  Society,  the  first  held  outside  of  New  York 
City,  478  persons  were  present,  of  which  121  were  connected  with 
the  Society,  86  were  members  of  the  Louisiana  Engineering  Society, 
and  2Y1  were  guests. 
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ANNOUNCEMENTS 

The  Mouse  of  the  Society  is  open  from  q  A.  M.  to  lo  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE    MEETINGS 

December  3d,  iyi3-— 8.30  P.  M. — A  regular  business  meeting 
will  be  held.  :uul  two  pai)ers  will  be  presented  for  discussion,  as  follows: 
•*(\)al  Piers  on  the  Atlantic  Seaboard,"  by  J.  E.  Greiner,  M.  Am.  Soc. 
C.  E.,  and  "Topographical  Surveys  Made  by  the  American  Section  of 
the  International  Boundary  Commission,  United  States  and  Mexico," 
by  W.  W.  Follett,  M.  Am.  Soc.  C.  E. 

Tlu>se  pai)er8  were  printed  in  Proceedings  for  October,  1913. 

December  17th,  1913.— 8.30  P.  M.— At  this  meeting  two  papers 
will  be  presented  for  discussion,  a.s  follows:  "Storage  to  be  Provided  in 
Impounding  Reservoirs  for  Municipal  Water  Supply",  by  Allen  Hazen, 
M.  Am.  Soc.  C.  E. ;  and  "The  Depreciation  of  Public  Utility  Proper- 
ties as  Affecting  Their  Valuation  and  Fair  Return,"  by  John  W. 
Alvord,  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

January  7th,  1914.  — 8.30  P.  M.— This  will  l)e  a  reirular  business 
meeting.  A  paper  by  A.  H.  Sabin.  Assoc.  M.  Am,  Soc.  C.  E.,  entitled 
"Painting  Structural  Steel :  The  Present  Situation,"  will  be  presented 
for  discussion. 

This  paper  is  printed   in  this  number  of  Proceedings. 

ANNUAL  MEETING 

The  Sixty-first  Annual  Meeting  will  be  held  at  the  Society  House, 
on  Wednesday  and  Thursday,  January  21st  and  22d,  1914.  The  ar- 
rangements for  the  Annual  Meeting  have  been  placed  in  the  hands 
of  the  following  committee:  Messrs.  Robert  Ridgway.  Henry  W. 
Hodge,  and  Chas.  Warren  Hunt.  The  Business  Meeting  will  be  called 
to  order  at  10  o'clock  on  Wednesday  morning.  The  Annual  Reports 
will  be  presented,  oiRcers  for  the  ensuing  year  elected,  members  of  the 
Nominating  Committee  appointed,  Reports  of  Special  Committees 
presented  for  discussion,  and  other  business  transacted. 

SPECIAL  MEETINGS  FOR  TOPICAL  DISCUSSION 

On  the  two  days  immediately  following  the  Annual  Meeting,  three 
meetings  of  the  Society  will  be  held,  at  which  the  subject  for  discussion 
will  be  "Road  Construction  and  Maintenance." 

The  meetings  will  be  held  as  follows: 

First  Meeting,  Friday,  January  23d,  1914.  — 10  A.  M. — Tlie  follow- 
ing suli-division  of  the  sul)jc(t  will  i)r  discussed  : 

(1)   "Engineering  Organizations  fen-    Highway  Work." 
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Second  Meeting,  Friday,  January  23d,  1914 2  P.  M.— The  follow- 
ing sub-division  of  the  subject  will  be  discussed  : 

(2)  ''Factors  Limiting  the  Selection  of  Materials  and  of  Methods 
in  liig-hwa.y  Construction." 

Third  /Vleeting,  Saturday,  January  24th,  1914.— 10  A.  M.— The  fol- 
lowing sub-division  of  the  subject  will  be  discussed  : 

(3)  "Equipment  and  Methods  for  Maintaining  Bituminous  Sur- 
faces and  Bituminous  Pavements." 

SEARCHES   IN  THE    LIBRARY 

In  January',  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  infomiation  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  ha.ve  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  knovni  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  ma.tters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  tal\e  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified  by 
the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter  suitable   for   oral   discussion,   will   be   published   as   heretofore    in 

*  Proceedings,  Vol.  XXXIII,  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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Proceedings,  aiul  set  down  lor  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  coinnuinica- 
tions.  will  l)e  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
o})inion  <if  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
]913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  P^rancisco  xVssociation  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
r>  p.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
■Tune.  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  A.ssociation. 

Informal  luncheons  are  held  at  12.1.5  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretars-  of  the  As.'^ociation,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  Mechanics'  Institute,  57  Post  Street. 

The  bj'-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  SaJi 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meetings) 

Au;;ust  15th,  1913. — The  meeting  was  called  to  order  ;  Vice- 
President  C.  H.  Snyder  in  the  chair;  E.  T.  Thurston,  Jr.,  Secretary; 
and  present,  also,  4(5  members  and  giu'sts. 

:Messrs.  M.  C.  Couchot,  V.  II.  Poss,  and  L.  H.  Nishkian,  of  the 
Connnittee  on  the  Building  Ordinance  of  San  Francisco  and  Its  En- 
forcement, presented  certain  conclusions  arrived  at  by  that  Committee. 

The  subject  was  discussed  by  Messrs.  A.  L.  Bobbs,  J.  B.  Leonard, 
R.  S.  Chew,  C.  E.  Grunsky,  H.  D.  Dewell,  C.  H.  Snyder,  L.  E.  Hunt, 
A.  Judell.  and  E.  T.  Thurston,  and,  on  motion,  the  Committee  was 
directed  to  make  a  careful,  detailed  study  of  the  engineering  .sections 
of  the  Ordinance  and  report  its  recommendations  at  the  October 
meeting. 

Adjourned. 
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October  17th,  i9'3. — The  meetin.u' was  called  to  order  ;  President 
Wing  in  the  chair;  E.  T.  Thurston,  Jr.,  Secretary;  and  present,  also, 
57  members  and  guests. 

A  list  of  suggestions  for  increasing  the  scope  and  usefulness  of 
the  Engineering  Library  of  the  Mechanics'  Institute,  submitted  as 
liaving  had  the  approval  of  the  Pacific  Association  of  Consulting  En- 
gineers, was  endorsed  by  the  meeting,  and  the  Secretary  was  instructed 
to  transmit  copies  of  the  same  to  the  local  societies  of  mining,  mechani- 
cal, and  electrical  engineers. 

At  the  completion  of  the  business  meeting,  the  members  arose  and 
remained  standing  out  of  respect  to  the  memory  of  the  late  Arthur  L. 
Adams,  M.  Am.  Soc.  C.  E.,  a  Past-Pi-esident  of  the  Association  and 
one  of  its  founders,  while  President  Wing  made  a  few  appropriate 
remarks. 

After  a  protracted  discussion  as  to  how  far  and  in  what  manner 
the  Association  might  proceed  in  making  suggestions  as  to  the  x\mend- 
ment  of  the  Building  Ordinance  of  San  Francisco,  the  conclusion  was 
reached  that,  though  the  Association  might  not  act  officially  on  any 
proposed  amendments,  discussion  of  the  subject  might  be  undertaken, 
and  that  thereafter  any  member  or  group  of  members,  individually 
or  collectively,  might  publish  the  conclusions  arrived  at  for  the  benefit 
of  the  pviblic. 

Messrs.  M.  C.  Couchot  and  L.  H.  Nishkian,  of  the  Association's 
Committee  on  the  Building  Ordinance,  presented  the  Committee's  sug- 
gestions to  the  meeting,  and  these  were  discussed  in  detail  bv  Messrs. 
H.  J.  Brunnier,  H.  D.  Dewell,  R.  S.  Chew,  Charles  Derleth,  Jr.,  C.  W. 
Wing,  W.  L.  Huber,  A.  V.  Saph,  and  W.  J.  Miller. 

Adjourned. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  a.re  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretar,y,  Roger  W.  Toll,  Jun.  Am.  Soc.  C.  E.,  700  Tramway 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

October  nth,  ipiS- — The  meeting  was  calb'd  to  order;  Vice- 
President  E.  F.  Vincent  in  the  chair;  Roger  W.  Toll,  Secretary;  and 
present,  also,  10  members  and  5  guests. 

The  minutes  of  the  meeting  of  September  13th,  1913,  were  read 
and  approved. 

A  paper  by  Leonard  Lundgren,  Assoc.  M.  Am.  Soc.  C.  E.,  on  the 
"Organization   and   Conservation   Policy   of  the   United   States   Forest 
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Scrvico,"  was  prosented  hy   the  nntlior.  ;iii<l  the  snbjeot  was  fironerall.v 
iliscussod  by  others  present. 

Leonard  ^^etealt^  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  in  re- 
srard  to  the  nvont  activities  and  matters  now  inider  discussion  by  the 
AiiicriiMii   Society  of  Civil  Engineers. 

Adjoiirui'd. 

Atlanta  Association 

Oil  March  14th,  l!llL\  tlie  Athinta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
officers:  Arthur  Pew,  President;  William  A.  Hansell,  Jr.,  Secretary; 
and  ^Messrs.  James  X.  Hazlehurst  and  B.  ^f.  Hall,  ]\Ienibers  of  the 
Executive  Committee.  The  Association  will  hold  its  meetings  in  the 
house  of  the  University  Club. 

Philadelphia  Association 

At  its  meeting  of  June  4th,  19i;3,  the  Board  of  Direction  of  the 
Society  considered  and  approved  the  proposed  Constitution  of  the 
Philadelphia  Association  of  Members  of  the  American  Society  of 
Civil  Engineers. 

Portland,  Ore.,  Association 

On  June  18th,  1913,  the  Portland,  Ore.,  Association  of  Members  of 
the  American  wSociety  of  Civil  Engineers  was  organized  with  the  fol- 
lowing officers:  E.  G.  Hopson,  President;  W.  S.  Turner,  First  Vice- 
President;  D.  D.  Clarke,  Second  Vice-President;  G.  B.  Hegardt,  Treas- 
urer: and  Charles  J.  ]\IcGonigle,   Secretary. 

Seattle  Association 

On  June  -'jOth,  1!)1."5,  the  Seattle  Association  of  ^Members  of  the 
American  Society  of  Civil  Engineers  wa.s  organized  with  the  following 
officers:  Samuel  II.  Hedges,  President;  Ernest  B.  Hussey,  Vice- 
President;  and  Joseph  Jacobs,  Secretary-Treasurer. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBI:RS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Mining  Engineers,  Ji)  West  Thirty-ninth  Street, 

New  York  ( 'ity. 
American  Society  of  Mechanical  Engineers,  -2!)   West   Thirty-nintli 

Street,  New  York  City. 
Architekten-Verein    zu    Berlin,   Wilhehnstrasse    i»2,    IJerlin    W.    (U>, 

Gernumy. 
Associagao  dos  Engenheiros  Civis  Portuguezes,   Lisl)on.  Portugal. 
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Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont   Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413    Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amalieijade  38,  Copenhagen,  Denmark. 
Engineers'  and    Architects'  Club    of    Louisville,    Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md, 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 

Canada. 
Engineers'  Society  of  Northeastern  Pennsylvania,   41.5  Washington 

Avenue,  Scranton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of   Marine   Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  Encjland 
institution    of    Engineers   of    the  River   Plate,    Buenos    Aires,   Ar- 
gentine Hepublic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,    39    Victoria   Street,    Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instltuut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,   321  Hibernia  Bank  Building,  New 

Orleans,  La. 
Memphis  Engineering  Society,  Memphis,  Tenn. 
Midland    Institute    of    Mining,    Civil    and    Mechanical    Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
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North  of  Enj^land  Institute  of  Mining  and   Mechanical   Engineers, 

Xe\vc'a.stle-uj)()ii-Tviie,    Kiii^land. 

Oesterreichischer  Ingenieur-  und  Architekten-Verein,  Eschen- 
bac'hirasse  It,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  ^SO.H  Central  Building,  Seat- 
tle, AVash. 

Rochester  Engineering  Society.  Rochester,  N.  V. 

Sachsischer  Ingenieur-  und  Archltekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  liima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Rlanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  Enij;land. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre   Boulevard  lR-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers.  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  October  2d  to  November  3d,  191o) 
DONATIONS* 
DESIGN  OF  PLATE  GIRDERS. 

By  Lewis  E.  Moore,  Assoc.  M.  Am.  Soc.  C.  E.  Cloth,  9i  x  6^  in., 
illus.,  8  +  285  pp.  New  York  and  London,  McGraw-Hill  Book  Com- 
pany, Inc.,  1913.     $3.00. 

This  volume,  it  is  stated,  is  the  outcome  of  the  author's  practical  experience 
in  bridse  design  and  construction  and  as  a  teacher  of  the  subject  at  the  Massa- 
chusetts Institute  of  Technology.  In  his  work,  he  has  found,  the  preface  states, 
that  students  as  a  rule  have  few  ideas  about  designing  and  designs,  and  his  aim 
in  this  book  has  been  to  explain  clearly  and  in  detail  the  reasons  underlying  a 
design,  to  show  the  assumptions  made  in  given  cases,  and  to  give,  as  far  as  possi- 
ble, alternative  methods  ;  in  fact,  to  develop  the  ability  of  the  student  in  order 
that  he  may  be  able  to  make  an  intelligent  choice  among  various  methods.  The 
first  two  chapters,  on  stresses  and  riveting,  have  been  made  purposely  short,  it 
is  stated,  the  treatment  of  the  latter  subject,  however,  differing  somewhat  from 
that  usually  given.  The  theory  of  plate  girder  design  has  been  discussed  in  de- 
tail, it  IS  further  stated,  and  detailed  designs  of  two  different  plate  girders  have 
been  worked  out  with  careful  discussion  of  each  point  as  it  arises,  railroad  bridges 
being  used.  The  principles  developed  in  these  designs,  the  author  states,  are  of 
general  application  and  can  easily  be  extended  to  architectural  work.  The  specifi- 
cations of  the  New  York,  New  Haven  and  Hartford  Railroad  have  been  used  as  a 
basis  in  these  designs  and  are  discussed  in  detail.  Box  girders  are  similarly 
worked  out,  it  is  stated,  using  a  fixed  load  and  without  any  specifications,  the 
niaterial  on  defiections,  which  is  by  Professor  W.  H.  Lawrence,  of  the  Massa- 
chusetts Institute  of  Technology,  never  before  having  appeared  for  general  dis- 
tribution. The  chapter  on  Shop  Hints  is  by  John  C.  Moses,  M.  Am.  Soc.  C.  E., 
and  has  been  incorporated,  it  is  said,  to  give  the  student  ideas  as  to  cost  and 
shop  possibilities.  Tables  are  also  included  which  the  author  hopes  will  he  of 
aid  to  the  practicing  engineer  in  the  design  of  plate  girders  by  approximate  and 
exact  methods.  The  Contents  are:  Stresses  in  Plate  Girders;  Rivets;  Theory  of 
Plate  Girders;  Design  of  Through  Plate  Girder:  Deck  Plate  Girder  Design;  Box 
Girders ;  Shcp  Hints  for  Structural  Draftsmen  ;  General  Specifications  for  Steel 
Railroad  Bridges;  Conventional  Signs:  Tables;  Index;  Index  to  Specifications; 
Index  to  Tables. 


THE  ARCHITECTS'  DIRECTORY   AND  SPECIFICATION  INDEX  FOR  1913-14 

Containinji'  a  Complete  List  of  the  Architects  of  the  United  States 
and  Insular  Possessions,  Canada.  Cuba,  and  Mexico;  Classified  by 
States  and  Towns;  Landscape  and  Naval  Architects  of  the  United 
States  and  Canada,  etc.;  A  Specification  Index  of  Prominent  Dealers 
and  Manufacturers  of  Building  Materials  and  Appliances.  Tenth 
Edition.  Cloth,  101  x  7  in..  204  pp.  New  York,  The  William  T. 
Comstoek  Company,  1913.     $3.00. 

In  addition  to  the  above  information  other  important  material  is  included  in 
this  book,  namely,  alphabetical  lists  of  periodicals  devoted  to  the  interests  of 
architecture  and  building,  with  names  of  publishers  and  subscription  prices  ;  archi- 
tectural schools  in  the  United  States  ;  architectural  societies  and  organizations  of 
the  world,  with  names  and  addresses  of  their  officers  ;  and  names  and  addresses 
of  architects  of  Boards  of  Education,  and  of  the  Building  Departments,  in  the 
principal  cities  of  the  United  States  and  Canada.  The  professional  codes  adopted 
by  the  American  Institute  of  Architects  and  the  Province  of  Quebec  Association 
of  Architects,  arc  also  included,  and  under  the  Classified  List  of  Architects  are 
given  the  names  and  addresses  of  the  officers  of  the  State  Boards  of  Examiners 
of  Architects  of  the  various  States.  For  this,  the  tenth  edition,  a  careful  re- 
compilation  of  the  entire  list  has  been  made,  the  names  and  addresses,  it  is  stated, 
having  been  checked  by  correspondence,  the  aim  being  to  obtain  an  accurate  list 
even  at  the  expense  of  omitting  the  names  of  architects  and  firms  which  could 
not  be  verified. 

*  Unless  otherwise  specified,  books   in  this  list  have  been  donated   by  the  pxiblishers. 
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THE  ROLLING  MILL  INDUSTRY  : 

A  CoiulcMiscd  (u'lUM-al  Description  n\'  Iron  aiul  Steel  luilliiig  Mills 
and  Their  Prodiiets.  By  V.  11.  Kimll.  C'lolli,  'J',  x  (i.l  in.,  illus.,  70  pp. 
Cleveland,  Ohio.   The  Penton   Publishinf?  Company,   1913.     $2.00. 

This  book,  the  preface  states,  contains  a  summary  of  American  rolling  mill 
practice,  the  development  of  which  is  traced  from  its  beginning  to  the  pre.sent 
day.  The  author  has  also  attempted,  it  is  further  stated,  to  define  more  closely  the 
various  kinds  of  mills  and  their  products.  Charts  are  given  which  show 
graphically  the  production  of  semi-finished  and  finished  products  and  which  repre- 
sent modern  practice  at  some  of  the  largest  open-hearth  plants  and  rolling  mills. 
Other  charts  are  included  which  illustrate  the  quantities  of  material  charged  and 
produced  in  making  one  ton  of  pig  iron  ;  the  distribution  and  production  of  iron 
and  steel  in  1907  and  1911  :  the  conversion  of  pig  iron  into  the  various  finished 
products,  etc.  A  table  is  also  given  showing  the  comparison  of  the  general  funda- 
mental factors  dictating  the  production  of  pig  iron  in  the  United  States,  Ger- 
many and  Great  Britain,  with  particular  reference  to  the  Pittsburgh  district  of 
the  United  States,  the  Rheinland-Westfalia  district  of  Germany,  and  the  Cleveland 
district  of  Great  Britain.  The  Chapter  headings  are:  Historical;  Classification 
of  Rolling  Mills:  Finished  Products:  The  Wire  Industry;  Tube  and  Pipe  In- 
dustry ;    Tin   and   Terne   Plate    Industry ;    Statistical  ;    Index. 


UNDERGROUND  WATERS  FOR  COMMERCIAL  PURPOSES. 

By  Frank  L.  Rector.  Cloth,  75  x  5  in.,  illus.,  5  +  98  pp.  New 
York,  John  Wilev  \-  Sons,  Ine. ;  London,  Chapman  cV'  Hall,  Limited, 
1913.     $1.(10. 

The  subject  of  waters  for  commercial  purposes,  the  author  states,  has  here- 
tofore received  little  attention,  the  available  published  material  being  devoted 
to  considerations  of  waters  for  industrial  uses  and  for  municipal  and  public  sup- 
plies. It  has  been  his  aim,  therefore,  in  this  book,  to  discuss  in  detail  the  ques- 
tion of  bottled  or  mineral  waters  for  drinking  and  domestic  uses,  their  sources, 
properties,  etc.,  a  bibliography  of  the  subject  also  being  included.  The  Chapter 
headings  are:  Introduction;  Source  of  Water;  Ground  Water;  Distribution  and 
Properties  of  Water ;  Springs ;  Wells ;  Watershed ;  Mineral  Water ;  Chemical  Ex- 
amination ;  Bacteriological  Examination  ;  Microscopical  Examinalion  ;  Appendix  : 
Useful    Rules  and  Tables ;    Bibliography  ;    Index. 


ALTERNATING  CURRENTS  AND  ALTERNATING  CURRENT  MACHINERY. 

By  Dugald  C.  Jackson,  .M.  Am.  Soc.  C.  E.,  and  John  Price  Jack- 
son. New  Edition,  Rewritten  and  Enlarired.  Cloth,  9x6  in.,  illus., 
9  +  968  pp.     New  York,  The  Macmillan  Company,  1913.     $5.50. 

The  first  edition  of  this  book  was  published  in  1896.  The  present  edition  is 
said  to  have  been  entirely  rewritten  and  greatly  extended  in  order  to  bring  the 
subject-matter  up  to  the  requirements  of  present-day  teaching,  the  aim  of  the 
authors  being  to  set  forth  the  best  treatment  of  each  of  the  problems  of  alter- 
nating currents,  together  with  the  best  literature  and  practice  in  connection  with 
the  subject.  It  is  hoped  that  the  book  will  be  found  valuable  as  a  textbook  as  it 
is  stated  to  cover  the  ground  for  a  fairly  complete  course  in  the  essential  elements 
of  alternating  currents  and  their  applications  to  machinery,  as  well  as  instruction 
in  the  electrical  transmission  of  power.  It  is  also  intended  as  a  reference  book 
in  respect  to  the  principles  used  in  the  numerous  modern  applications  of  alter- 
nating currents  to  practical  purposes.  The  phraseology  is  simple,  it  is  stated, 
and  follows  standard  practice.  Mathematics  have  been  avoided  as  far  as  possible 
in  the  text,  and  numerous  examples  are  given  to  illustrate  methods  of  utilizing  the 
principles  discussed,  as  well  as  numerous  references  to  correlated  literature.  Tlie 
Contents  are:  The  Voltage  Developed  by  Alternators:  Elementary  Statements  Con- 
cerning Transformers  and  .Measuring  Instruments  ;  Armature  and  Field  Windings 
for  Alternators:  Self-induction.  Electrostatic  Capacity,  Reactance  and  Impedance; 
The  Use  of  Complex  Quantities  Extended  ;  Solution  of  Circuits ;  Power ;  Polyphase 
Circuits  and  the  Measurement  of  Power  Therein  ;  Hysteresis  and  Eddy  Current 
Losses;  Mutual  Induction;  Synchronous  Machines;  Asynchronous  Motors  and  Gen- 
erators; Self- Inductance,  Mutual  Inductance,  and  Electrostatic  Capacity  of  Parallel 
Wires  ;    Index. 
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THE  PANAMA  GUIDE. 

By  John  0.  Collins.  Cloth.  9x6  in.,  illus.,  326  pp.  Quarter- 
master's Department,  Mount  Hope,  C.  Z.,  I.  C.  C.  Press,  1912.  $1.35. 
(Donated  by  the  Author.) 

In  the  Introduction  it  is  stated  that  this  book  contains  answers  to  most  of  the 
questions  which  the  author  has  been  asked  during  the  last  four  years  in  regard 
to  Panama  and  the  Panama  Canal.  He  includes  descriptions  of  the  country  and 
cities,  its  history,  both  ancient  and  modern,  its  customs,  flora,  meteorology,  etc.  ; 
histories  and  descriptions  of  the  Panama  Canal  and  Panama  Railroad ;  Govern- 
ment regulations  as  to  postage  and  customs ;  the  various  treaties ;  Acts  of  Con- 
gress in  relation  to  the  Panama  Canal  ;  a  census  of  the  Canal  Zone,  etc.  The 
Contents  are:  The  Master  Builder;  From  Colon  to  Panama;  The  Panama  Canal; 
Panama  Railroad;  History  of  Panama;  Panama  To-Day ;  City  of  Panama;  Old 
Panama;    Miscellaneous;    Index. 

STEEL  DESIGNINQ  (STRUCTURAL  ENGINEERINQ,  BOOK  THREE). 

By  Edward  Godfrey,  M.  Am.  Soc.  C.  E.  Leather,  6f  x  U  in.,  illus.. 
492  pp.     Pittsburgh,  The  Author,  1913.     $2.50. 

The  keynote  of  this  book,  the  author  states,  is  sound  engineering  in  every 
detail  of  steel  design,  the  book  being  intended  for  use  by  all  classes  of  men  who 
have  to  do  with  structural  steel.  For  the  student,  the  principles  cf  correct  design 
in  steel  work  are  said  to  be  emphasized  and  exemplified ;  for  the  inspector  in 
mill  and  shop,  the  principles  of  correct  manipulation  are  laid  down  ;  for  the 
draftsman,  standard  and  economic  and  consistent  details  are  defined  ;  for  the  col- 
lege instructor,  practical  methods  are  set  forth  ;  and  for  the  designing  and  con- 
sulting engineer,  errors  are  pointed  out.  Much  emphasis,  it  is  stated,  is  placed 
OR  the  importance  of  details  and  of  simple  and  rational  methods,  and  also  on  the 
waste  of  material.  Errors  of  design  are  noted,  and  numerous  examples  of  designs 
in  various  classes  of  steel  construction  are  also  included.  The  Contents  are: 
The  Working  of  Iron  and  Steel  ;  The  Preservation  of  Iron  and  Steel  ;  Some  Notes 
on  Structural  Detail  Drawing;  Some  Notes  on  Detail  Designing;  Notes  on  Bridge 
Design  ;  Notes  on  Building  Design  ;  Mill  Building  Design  ;  The  Design  of  Beams 
and  Girders ;  Designing  of  Tension  Members ;  The  Strength  of  Compression  Mem- 
bers ;  Designing  of  Compression  Members  ;  Rivets  and  Riveted  Connections ;  End 
Connections  of  Tension  Members  ;  End  Connection  of  Compression  Members  ;  Splices  : 
Pins;  Loads  and  Unit  Stresses;  Estimating  Weights;  siiear ;  Camber;  Curvature; 
Grade ;  Provision  for  Expansion  and  Contraction  ;  Tractive  Stresses ;  Notes  on 
Draw  Bridges  ;  Tanks ;  Greenhouses  and  Skylights ;  Gears ;  Inspection  and  Tests 
of  Steel  Work ;  Some  Illustrations  of  Design  in  Various  Classes  of  Structures ; 
General  Engineering  Data ;  Specifications  for  Structural  Steel  Work;  Definitions; 
Index. 

THE  SCIENCE  OF  BURNING  LIQUID  FUEL: 

A  Practical  Book  for  Practical  Men.  By  William  Newton  Best. 
Cloth,  9i  X  6i  in.,  illus.,  159  pp.     No  place.  The  Author,  1913.     $2.00. 

In  order  to  obtain  the  highest  possible  efficiency  and  the  strictest  economy 
from  any  installation  for  burning  liquid  fuel,  the  oil  system,  it  ir-.  stated,  must 
be  installed  and  operated  on  sicentific  principles.  The  author  states  that  for  the 
last  twenty-five  years  he  has  made  a  study  of  such  principles  and  has  installed 
oil  burners  and  applied  designs  for  nearly  every  kind  of  furnace.  In  this  book 
he  has  endeavored  to  supply  his  readers  with  information  as  to  the  exact  service 
of  boilers,  furnaces,  oils,  etc.,  from  a  practical  rather  than  a  technical  standpoint, 
by  descriptions  of  the  various  installations  required  in  an  oil-burning  system  and 
by  discussions  of  the  results  obtained  with  such  system.  It  is  further  stated  that  the 
burners,  furnaces  and  various  installations  described  are  fully  protected  by 
Letters  Patent,  and  that  all  are  in  successful  operation.  The  Contents  are:  In- 
troduction ;  Liquid  Fuel,  Its  Origin,  Production  and  Analysis ;  Atomization  ;  Oil 
Systems  ;  Refractory  Material  ;  Locomotive  Equipment ;  Stationary  and  Marine 
Boilers  ;   Ovens  ;   Furnaces  ;   Index. 

FREIGHT  RATES:  STUDIES  IN  RATE  CONSTRUCTION. 

By  John  P.  Curran.  Cloth,  9i  x  6^  in.,  5  +  367  pp.  Chicago, 
Eailway  Text  Book  Publishing  Company,  1913.  $5.00.  (Donated  by 
the  Author.) 

It  is  stated  that  the  aim  of  the  author  has  been  to  give,  in  a  clear,  con- 
cise manner,  the  bases  or  structures  of  freight  rates  which,  he  states,  are  based 
generally    on    scientific    principles,    and,    for    purposes    of    instruction    only,    to    illus- 
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trate  sucli  prinoiplps.  Up  prefaces  his  illustrations  with  a  short  history  of 
transportation  and  frelRht  rates.  He  also  gives  Sections  1  to  f!  of  the  "Act 
to  Regulate  Conimerce"  passed  by  Congress  In  1887,  including  the  new  matter 
substituted  by  the  Act  of  June  18th,  1910.  This  is  followed  by  the  examples 
which  include  lists  of  groupings  of  stations  in  the  various  territories  and  the 
rates  governed  by  the  various  Associations,  examples  of  percentage  bases,  of  the 
"group  relation  theory"  and  the  basing  point  system,  lake  and  rail  rates, 
etc.,  etc. 

THE  QYROSCOPE. 

Bv  F.  J.  B.  Cordeiro.  Cloth,  ^]  x  5A  in.,  illus.,  7  +  105  pi).  Xew 
York.  Spon  &  Cha,-mberlain ;  London.  E.  &  F.  N.  Spon.  [limited,  1918. 
$1.50. 

The  development  of  the  theory  of  gyroscoplcs  is  said  to  date  from  the 
time  of  Newton  :  its  practical  applications,  however,  are  of  modern  date.  In  this 
book,  the  author  offers,  it  is  stated,  a  monograph  on  the  subject,  which  may  be 
easily  understood  by  any  one  possessing  an  elementary  knowledge  of  mechanics 
and  the  calculus.  He  has  divided  his  subject-matter  into  two  parts,  namely, 
the  development  of  the  theory  from  the  fundamental  gyroscopic  principle,  and 
a  discussion  of  its  modern  applications,  such  as  the  Griffin  grinding  mill,  the 
Howell  and  Obry  devices  for  keeping  a  torpedo  in  a  straight  course;  the  Schlick 
stabilisator  for  steadying  the  motion  of  ships,  the  Brennan  gyro-monorail,  the 
gyro-compass,    etc.,    etc. 

SAFETY  : 

Methods  for  Preventing  Oooupational  and  Other  Accidents  and 
I)isca.<?cs.  By  William  H.  Tolman  and  Leonard  B.  Kendall.  Cloth, 
9  X  n  in.,  ilhi.'^..  12  +  422  pp.  Now  York  and  London,  Harper  & 
Brothers,  1918.     $3.00. 

It  is  believed,  as  stated  in  the  Introduction,  that  men  of  affairs,  business 
managers,  officers,  upper  employees,  students  entering  on  industrial  careers,  and  that 
portion  of  the  public  which  is  interested  in  the  industrial  and  social  issues  of  the 
day,  will  find  that  this  book,  which  is  said  to  be  the  first  and  only  comprehensive 
work  on  the  subject  that  has  been  issued  in  the  English  language.  Is  of  distinct 
value.  It  is  a  handbook  of  information  for  everyone  interested  in  industrial 
conditions,  and  shows  by  typical  examples  from  many  sources,  such  as  the  pre- 
vention work  and  welfare  bureaus  of  the  Pennsylvania  Railroad  Company,  the 
Midvale  Steel  Works,  the  United  States  Steel  Corporation,  etc.,  and  various 
English  and  German  plants,  how  to  surround  workers  with  adequate  safeguards 
to  protect  them  at  work,  and  how  to  promote  the  essentials  of  shop  hygiene; 
in  fact.  It  is  said  to  illustrate  the  underlying  principles  of  the  world  movement 
for  safety  and  industrial  hygiene  and  welfare.  The  Contents  are :  Introduction  ; 
Part  I,  General  Conditions:  The  Philosophy  of  Safety;  .N^eglected  Factors;  The 
Working-Place.  Part  II,  Danger  Zones:  Yards,  Wa'lks,  Railings  and  Hoists; 
Cutting  and  Grinding  Tools  :  Illumination  :  Fire  ;  Transportation  ;  Safety  Com- 
mittees ;  Iron  and  Steel;  Mines  and  Mining;  Electricity;  General  Aids  to  Safety; 
Organized  Efforts  by  Employers.  Part  III,  Industrial  Hygiene:  Committees  on 
Sanitation;  Industrial  Poisons;  Chemical  Industries;  Shop  Sanitation.  Part  IV, 
Social  Welfare:  Industrial  Education;  Meeting  the  Public;  Training  Future 
Workers ;  Something  More  Than  Wages ;  After  Hours  ;  The  American  Museum 
of  Safety  ;   Index. 

ABHANDLUNQEN  AUS  DEM  QEBIETE  DER  TECHNISCHEN  MECHANIK. 

Von  Otto  Mohr.  Zweite  Neubearbeiteto  und  Frwoiterte  Auflage. 
Paper.  9i  x  6^  in.,  illus.,  12  +  567  pp,  Berlin,  Wilh(dni  Ernst  &  Sohn, 
1914,     18  marks. 

This  book  Is  a  compilation.  It  is  stated,  of  articles  on  applied  mechanics  which 
have  appeared  in  various  technical  periodicals.  The  subject-matter  embraces,  it  is 
said,  the  main  points  of  elementary  mechanics,  the  primary  mathematics,  and  the 
elements  of  differential  and  Integral  calculus,  and  is  intended  for  the  use  of  students 
in  building  and  mechanics.  The  text  Is  fully  illustrated,  and.  at  the  end  of  each 
chapter,  a  short  bibliography  of  the  subject  discussed  In  that  chapter,  is  given. 
Numerous  other  references  to  related  subjects  are  also  included.  In  this,  the 
second  edition,  the  text,  the  preface  states,  has  been  revised  and  numerous  additions 
have  been   made.   Including  two   new   chapters,   one   relating   to   stresses   in   dams   and 
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the  other  to  the  theory  of  the  simple  girder.  Chapter  II  contains  new  rules,  by 
means  of  which,  the  author  states,  the  treatment  of  the  principles  of  graphic  statics 
has  been  greatly  simplified.  In  Chapter  V,  in  which  the  test  data  relating  to  the 
strength  of  materials  as  given  in  the  first  edition  are  stated  to  have  been  criticized, 
more  complete  data  are  given  to  prove  the  author's  hypothesis.  In  Chapter  VI, 
relating  to  the  study  of  earth  pressures,  it  is  stated  that  Coulomb's  theory  is  shown 
to  be  untenable,  and  that  the  disputed  points  relating  to  earth  pressures  cannot 
be  decided  by  tests.  The  Chapter  headings  are  :  Das  Gleichgewicht  und  die  unend- 
lich  kleinen  Bewegungen  eines  starren  Korpers ;  Die  Grundziige  der  graphischen 
Statik ;  Die  Geometric  der  Massen  :  Die  Bewegung  der  ebenen  Getriebe ;  Welche 
Umstande  bedingen  die  Elastizitatsgrenzen  und  den  Bruch  eines  Materials?  Die 
Lehre  vom  Erddruck ;  Die  Spannungen  im  prismatischen  Balken  ;  Die  Spannungs- 
zustand  einer  Staumauer :  Der  kontinuierliche  Balken:  Die  elastische  Linie  :  Der 
vollwandige  Bogentrager  mit  Kampfergelenken  ;  Das  ebene  Fachwerk ;  Allgemeine 
Theorie   der  ebenen   Trager ;    Das   Raumfachwerk. 

THE  PANAMA  GATEWAY. 

Bv  Joseph  Bucklin  Bishop.  Cloth,  9x6  in.,  illus.,  16  +  459  pp. 
New  York,  Cha.rles  Seribner's  Sons.  1913.     $2.50. 

The  author,  as  Secretary  of  the  Isthmian  Canal  Commission,  has  had  excep- 
tional opportunities  to  study,  in  its  various  aspects,  the  work  of  constructing  the 
Panama  Canal,  and  in  this  book  he  gives  a  complete  history  of  the  Canal  from  its 
inception.  He  has  divided  the  subject-matter  into  five  parts  :  In  Part  I,  Historical. 
1502-1879,  he  relates  the  history  of  the  Isthmus  and  of  the  transit  routes  across 
it  from  the  time  of  Columbus  to  the  period  of  the  French  Company's  failure.  In 
Part  IT.  The  French  Effort  and  Failure,  1879-1902,  he  tells  the  story  of  the  efforts 
and  failures  of  the  several  French  companies  to  construct  a  canal  across  the 
Isthmus.  Part  III,  American  Purchase  and  Control.  1902-1904,  contains  the  history 
of  the  American  occupation  of  the  Canal  Zone,  and  in  Part  IV,  Period  of  Con- 
struction, 1904-1915.  detailed  descriptions  of  the  work  of  organizing  the  Commis- 
sions and  of  constructing  the  Canal  are  given.  Part  V,  The  Completed  Canal, 
describes  the  Canal  as  completed  and  ready  for  commerce.  The  Appendixes  are  :  A, 
Canal  Commissions:  B,  Canal  Appropriations  and  Expenditures:  C,  An  Act  to  Pro- 
vide for  the  Opening.  Maintenance,  etc.,  of  the  Canal  Zone;  D.  Equipment  at 
Period  of  Greatest  Activity  :  and  E,  Distances  in  Nautical  Miles.  There  is  also  an 
Index   of   seven    pages. 

PRESS  REFERENCE  LIBRARY,  VOL.  I  : 

Notables  of  the  West:  Being  the  Portraits  and  Biographies  of  the 
Progressive  Men  of  the  West  Who  Have  Helped  in  the  Development 
and  History  Making  of  This  Wonderful  Country.  Western  Edition. 
Morocco,  11  X  8i  in.,  illus..  917  pp.  New  York.  Chicago,  San  Fran- 
cisco, etc.,  International  News  Service,  1913.  $12,50.  (Donated  by 
the  Los  Angeles  Examiner.) 

As  stated  in  the  secondary  title,  this  book,  which  is  intended  primarily  as  a 
reference  work  for  the  newspaper  editor,  writer  and  artist,  contains  portraits  and 
short  but  complete  biographies  of  about  1  200  men  of  note  and  achievement  in 
the  various  professions  and  in  business,  in  the  West  and  Southwest.  This  volume 
is  the  first,  it  is  said,  of  a  work  which  eventually  will  cover  most  of  the  United 
States,  other  volumes  of  which  are  to  follow  at  intervals.  There  is  an  alphabetical 
index  of  the  names  of  the  men    included  at  the  end  of  the  book. 
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and  Practice  of  i^andscapt'  Gardening.  Edited  by  John  Nolen.  Hough- 
ton. Milllin  Co.,  lJost(»n  and  Xew  York  ;  The  Riverside  Press.  Caml)ridge, 
1907. 
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The  Timepiece  of  Shadows:    A    History    of   the    Sun    Dial.      By 

Ilenrv  Si)encer  Spaekinaii.      William  T.   Conistock,  Xew  York,  l(S9o. 

The  Mineral  Industry:  Its  Statistics,  Teclinolouv,  and  Trade  During 
1912.  Edited  by  Charles  Of.  \'ol.  21.  Mciiraw-IIill  IJook  Co.  Inc.", 
Xew  York  and   London,  l!Jl;j. 

Die  Bergwerksmaschinen.  Von  Hans  IJansen.  "2  Vol.  Dritter  Band, 
Die  Schachtfordennaschinen,  bearbeitet  von  Karl  Teiwes  und  E.  Forster. 
^''ierter  Band,  Die  Schachtforderung,  bearbeitet  von  Hans  Bansen  und 
Karl  Teiwes.     Julius  Springer,  Berlin,  191;>. 

Eine  neue  Verwendung  des  Gusseisens  bei  Saulen  und  Bogen<- 
brucken.     Yim  F.  von  Eniperger.     Wilhehn  Ernst  ilv:  Sohn,  lierlin,  1911. 

Report  from  the  Select  Committee  on  Motor  Traffic;  Together 
with  the  Proceedings  of  the  Committee.  Wynian  and  Sons,  Jjtd.,  Lon- 
don and  Cardiff",  1913. 

Rainfall,  Reservoirs  and  Water  Supply.  Uy  Sir  Alexander  R.  Bin- 
nie.  Founded  Upon  the  Chadwick  Trust  Lectures  Delivered  by  him  at 
the  Institution  of  Civil  Engineers  in  February,  1912.  D.  Van  Nostrand 
Co.,  New  York,  1913. 

The  Water-Works  Directory  and  Statistics,  1913;  Including 
Alphabetical  Index  of  Officials,  and  List  of  Associations  of  Water 
Engineers.     Hazell,  Watson  and  Viney,  Ltd.,  London,  1913. 

The  Gasoline  Automobile:  Its  Design  and  Construction.  By  P.  M. 
Ileldt.  Vol.  1.  The  Gasoline  Motor.  Second  Edition,  lievised.  The 
Horseless  Age  Co.,  New  York,   1912. 

American  Telegraph  Practice:  A  Complete  Technical  Course  in 
Modern  Telegraphy,  Including  Simultaneous  Telegraphy  and  Telephony. 
By  Donald  McNicol.  McGraw-Hill  Book  Company,  New  York  and 
London,  1913. 

Formulae  and  Tables  for  the  Calculation  of  Alternating^Current 
Problems.  By  Louis  Cohen.  McGraw-Hill  Book  Company,  New  York 
and   London.  1913. 

Second  Report  of  the  Public  Service  Commission  of  New  Hampshire 

for  the  Period  ending  August  31st,  1912.     Vol.   2.     Concord,  X.   II. 

Mitteilungen  uber  Forschungsarbeiten  auf  dem  Gebiete  des  In- 
genieurwesens,  insl^esondere  aus  den  Lal)oratorien  der  technischen 
Hochschulen.  Ilerausgecreben  voni  Verein  deutscher  Ingenieure. 
Hefte  138-139.     Julius  Springer,  Berlin.  1913. 

A  Handbook  of  Wireless  Telegraphy,  Its  Theory  and  Practice;  for 
tlie  I7st'  of  P^lectrical  Ihigineers,  Students,  and  Operators.  By  James 
Erskine-Murray.  Fourth  Edition,  Revised  and  Enlarged.  D.  Appleton 
and  Company,  New  York,  1913. 
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Beton-Kalender,  1914  :  Tascheiilmcli  fiir  IJctoii  uiid  Kiseiil)etonbau, 
sowie  (lie  verwaiulten  Fiicher,  Later  ^Mitwirkung  hervonageiider 
Faclunanner,  heiausgegeben  von  dcr  Zoitsclirift  Beton  u.  Eisen.  IX 
iHtilitailu'iti'trr  .lalirgaiig.     2  \'iil.    AVilhclm  I-'riist  iS:  Sohn,  IJcrlin.  l!)l:^. 

Panama:  Tlu' Creation,  Di'striR-tion,  and  Resurrection.  1J\  Pliilippe 
liunau-N'arilla.     Constable  &  Co.,  Ltd.,  J^ondon,  1!)1;{. 

Electric  Arcs:  Experiments  L'pon  Arcs  Between  Different  Electrodes 
in  \'arious  Environments  and  Their  Explanation.  By  Clement  ^\'.  ( 'liild. 
1).  Van  Xostrand  Co.,  New  York.  I'M:;. 

Toll  Telephone  Practice.  By  J.  Bernhard  Thiess  and  (tuv  A.  Joy. 
With  an  Introductory  Chapter  l)y  Frank  F.  Fovvle.  I),  ^'an  Xostrand 
Co.,  X^ew  York.  Iltl2". 

SUMMARY  OF  ACCESSIONS 

(From  October  2d  to  X'ovember  3d,  lOL!) 

Donations  ( including  18  duplicates  ) 540 

By  purchase 55 

Total 595 
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MEMBERSHIP 
ADDITIONS 

(From  October  3d  to  Novembei"  6th,  1913) 

lIO.\OUARY     MEMBER  Date    Of 

Membership. 
Kkefek.    Thomas    Coltuix.      {Fast-President).    |   M.  April     4,  1877 

(Ottawa,    Ont.,     C:anada ^'    Hon.  M.        Oct.        1,   1913 

members 

Allison,  James  Ekin.     Cons.  Engr.    (James  E.  Allison  & 

Co.),    300   Security   Bldg.,    St.   Louis.   Mo Oct.        1.   1913 

Ammann,     Othmab     Hermann.       Asst.     Chf.  ^ 

Engr.,  N.  Y.  Connecting  R.  R.,  (58  Will-    I    Assoc.  M.     Jan.       8,   1908 
iam  St.,  New  York  City   (Res.,  93  Clin-   h  M.  Oct.        1,   1913 

ton  Ave.,   New  Brighton,   N.   Y. ) 

Brown,  Collingwood  Bruce,  Jr.      Chf.  Engr.,    \  Jun.  Oct.        1,  1901 

Canadian    Govt.    Rys.,   Moncton,    N.    B.,    (.  Assoc.  M.     April     G,  1909 
Canada     )  M.  Oct.        1,1913 

Burkell,  Bert  Henry.     Senior  Highway  Engr..  U.  S.  Dept. 

of  Agri.,  Office  of  Public  Rds..   Washington,   D.  C...      Oct.        1,   1913 

Capps,  Edwin  Morris.     Superv.  Engr..  Harbor  Impvt..  2240 

Fourth   St.,  San  Diego.  Cal Oct.        1.   1913 

Charnley,  Walter.    Civ.  and  Hydr.  Engr^,  Sao   ] 

Paulo  Elec.  Co.;   The  Sao  Paulo  Tram-    I    Assoc.  M.     May       4,   1909 
way.  Light  &  Power  Co.,  Ltd.,  Sao  Paulo,    I    M.  Sept.      3,  1913 

Brazil j 

Craig,  John   William.     Asst.   Engr.,   P.   R.   R.,  N.   C.   R. 

Bldg..     Baltimore.     Md Sept.      3.    1913 

Darwin,  Walton  Pruett.     Bldg.  Commr.  and   ) 

,^  f  Ti  -J  ,^.-i     T7.         T>i  1        T     1      r    Assoc.  M.     Feb.        (i.    1907 

Engr.  of  Bridges,  Citv  Eng.  Bldg.,  Jack-    y 

sonville,     Fla ) 

Drum.  Alphonsus  Ligoiri.  Cons,  and  Const.  Engr.  (A. 
L.    Drum    &    Co.).    024    Am.    Trust    Bldg.,    Chicago. 

Ill Oct.        1.1913 

Fales,  Almon  Lawrence.  Member  of  Firm,  Metcalf  & 
Eddy,  14  Beacon  St.,  Boston  (Res..  2,)  King  St.,  Wor- 
cester ) ,     Mass Oct.        1,   1913 

Ferras,    Felix.     Chf.    Engr.,    Sao    Paulo    Tramway,    Light 

&  Power  Co.,  Sao  Paulo.  Brazil luly       2,    1913 

\   Jun.  Oct.        2.   IBOi; 

Feutig,    Jerome    Henry.     Asst.    Engr.,    U.    S.    /    ^^^^^    ^^      ^^,^^.       ^     ^.^^.^ 

Reclamation  Service,  Montrose,  Colo...    f  , ,  ^^  ,  ,     ^^y:^ 

(ilt)RuoN,     John     Blake.     First     Asst.     Engr.,  ^ 

Sewer  Div.,  Eng.  Dept.,  Dist.  of  Colum-  |  J""-  ^''<^-  1'  ^^^^' 

bia,    3023    0    St.,    N.    W.,    Washington,  I  ^s^"*^-  M-  June  7.  lOOf, 

,.     ,.  I  M.  Oct.  1,  1913 


N'ovmil.or,  l!tl3. 1  MEMBEHSHIP— AUDITIONS  731 

MEMBERS    (Conliruicd)  Date   of 

Membership. 

tJKOAT,  Rk.nja.mi.n  Fkla.xd.     Ilydv.  Engr.,  2402   )  Assoc.  M.     May       3,  1910 
Oliver   Bldg.,   rittsburgh,   Pa f  M.  Oct.        1,   1913 

IIawi.ky,  Robinson  Wilbeh.  Asst.  llydr.  Engr.,  R.  R. 
Comni.  of  California,  833  Market  St.,  San  Franci-sco, 
Cal Oct.        1,   1913 

iioi.MKS,    John     Albert.     Cons.     Engr.,    lii'cchwood     Park 

Realty  Co..  Smith  Falls,  Ont.,   Canada Oct.         1,   1913 

•  liiiH.      Shkuman      Auoustus.     Asst.      Harbor    ) 

,.  ,         V        1       Ti     I        I         4-     /.-.      /  Assoc.  M.     Mar.      6,   1907 

Lnjir..  Los  Anyeles  Harbor  Inipvt.,  Citv    v 

u    n     e        i>  /       o   I                                      ■      t  M.  Oct.         1,   1913 

Hall,  San  Pedro,  Cal \ 

Kkonk,  Au.nolu   Henry.     Vice-Pres.,  J.  Henry 

,rii         I  (J     \»-     /-t  17   i  "i    /  Assoc.  M.     May     31.   1910 

Miller,    Inc.,    S.    \v.    Cor.,    Eutaw    and    l  "^ 


,,       ,  ,.      .,,        „   ,^.  ,,  ,  V  M.  Oct.        1,   1913 

JMankhn    Sts..    Baltimore,   Md.  »  ' 

I.AXii'iiKHE.    Frank    Elmer.     Asst.    Engr.,    B.    &    O.    C.    T. 

K.   U..  4330  Greenwood  Ave.,  Chicago,   111 Oct.        1,  1913 

I.KANE.  W  ALTER  HrRDiTT.     Chf.  Engr.  and  Rep-    ] 

resentativt".    Tlic   Chilian   Northern   Ry.,     I  Assoc.  M.     Jan.       3,   1906 

Calle     Agustinas     No.     718.     Santiago,    f  M.  Sept.      3.   1913 

Chili J 

LiNDHEUY.  Charles  Arthur.     Cons.,  Designing  and  Constr. 

Engr.,    1325  Garden   St.,   Bellingham,   Wash Oct.        1,   1913 

Nelson,   James   William.     Mgr.,    Gen.    Supt.,   and   Engr., 

Estate    of    Richard    Dudgeon,    82    Broome    St.,    New 

York  City Oct.        1.   1913 

I'oi.K.    Armour    Cantrell.     Res.    Engr.,    Ala-  \    Jun.  Oct.        6.   1903 

bama  Power  Co..  R.  F.  D.  No.  5,  Clan-  l  Assoc.  M.     May       2    1906 

ton,  Ala )   M.  Oct.        1.   1913 

I'l  TE.  Charles  Stockton.     Superv.  Engr.  of  Street  Constr., 

929   St.   Andrews   PL,   Los   Angeles,  Cal Oct.        1.   1913 

I 'OUTER.    George   Frederick.     Constr.   Engr.,   St.   Lawrence 

P.ridge  Co.,  59  St.  Peter  St.,  Montreal,  Que..  Canada.     Oct.        1.   1913 
Kavnou.     Clarence     Web.ster.     Chf.      Engr..    ^   Jun.  Feb.       4,   1902 

Coast    Bridge    Co.,    407    Ry.    Exchange.    '.  Assoc.  M.     April     (I,   1904 

Portland,    Ore \  M.  Oct.        1.1913 

Ki  rpERT,  Charles  Miller.     Div.  Engr..  Bureau  of  Constr., 

Dept.  of  Public  Works,  City  Hall,  Pittsburgh,  Pa..      Oct.        1.   1913 
SiiAw.  Franklin  Dickinson.     Structural  Engr..  318  Perry 

Bldg..    Philadelphia,    Pa Oct.         1,    1913 

Sills.  John  Muir.     Dist.  Engr.,  St.  L.  &  S.  F.  R.  R.,  Frisco 

Bldg.,    Springfield,    Mo Oct.        1,   1913 

Smith.  Burton.     Engr.  and  Gen.  Supt.,  Turlock  Irrig.  Dist., 

Till  lock.    Cal Oct.        1,   1913 

Smith.  (  iiarles  Edward.     Asst.  Chf.  Engr.,  Mo.  Pac.  Ry., 

808   Mo.   Pac.   Bldg..   St.   Louis.    Mo Oct.        1,   191,3. 
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MEMBERS    (Continued)  Date  of 

Membership. 
Spence,    David    Wendel.     Prof,    of    Structural    Eng.,    and 
Superv.  of  Constr.,  Agri.  and  Mech.  Coll.  of  Texas, 

College   Station,    Tex Oct.        1.  1913 

SuDLER,  Charles  Eugene.     Supt.  of  Constr.,  Perry  Memo- 
rial, Box  73,  Put-in-Bay,  Ohio Oct.        1,  1913 

ASSOCIATE    MEMBERS 

Baker,   George  Livingston.     Asst.   Engr..   State   Dept.   of 

Highways,  Box  95,  Friendship,  N.  Y Oct.        1,   1913 

Bayne,  Kichard  Cecil.     710  Peoples  Bank  Bldg.,  McKees- 

port,    Pa May       7,   1913 

Bebb,  John  Edward.     Office  Engr.,  Duluth,  South  Shore  & 

Atlantic  Ry.,  903  Fidelity  Bldg.,  Duluth,  Minn Oct.        1,   1913 

Benedict,    Nathan.     Civ.    Engr.    and    Contr.  ] 

(Benedict    &    Coeytaux),    Care.    United   [  "^^"^  ^^^-        ^'   ^^^'' 

Fruit   Co.,   Almirante,   Panama )    '"^^^o^-  ^-     ^ep^"      ^'  ^'^^^ 

Bernhaud,    Johannes     Helenus.     Rosa     Park     19,     New 

Orleans,    La Oct.        1,  1913 

Beswick,  James  Everett,     iicting  Res.  Engr.,  ~i 

Erie    County,    State    Highway    Comm.,   t   "^""-  '^"^>'       ^'  ^^^^ 

Mutual  Life  Bldg.,  Buffalo,  N.  Y )    ^"^°^-  ^-     ^^*^-        ^'   ^^^^ 

BouTON,  Harry  Remington.     Care,  Board  of  Water  Sup- 
ply, 250  West  5-ith  St.,  New  York  City Oct.        1,  1913 

Brown,    Claude   Osgood.     30   Columbia   Park.  )    Jun.  Oct.        5,  1909 

Haverhill,    Mass [    Assoc.  M.     Sept.      3,   1913 

Burnham,  Frederic  Waterman.     Builder,  30  East  42d  St., 

New    York    City Oct.        1,   1913 

Charles,    Alfred    James.     Chilocpiin,    Ore Oct.        1.  1913 

CoLMAN,  James  Blaine  Thomas.     711  South  )    Jun.  Nov.      1,  1910 

Ingalls  St.,  Ann   Arbor,   Mich [   Assoc.  M.     Oct.        1,  1913 

EscH,  James  George.     Engr.  in  Chg.  of  Design,  Crowell  & 

Sherman  Co.,   1951  East  57th  St.,  Cleveland,  Ohio..      Oct.        1,   1913 
FiFER,  Frank  Preston.     In  Chg.  of  Design  Dept.,  Troy  Lock 

and   Dam.    U.    S.    Engr.    Dept.,    40    Ten    Eyck    Ave., 

Albany,    N.    Y Oct. 

Eraser,    Guy   Owen.     Project    Engr.,    Haviland,    Dozier    & 

Tibbetts,   6298   Colby   St.,   Oakland,   Cal Oct. 

GiESTiNG,    Frank    Alexander.     Cons.    Engr.;     Contr.,    58 

Sutter    St.,    San   Francisco,    Cal Oct. 

Gould,   John   Warren   Du   Bois.     30   Church  |    Jun.  Oct. 

St.,    New    York    City (   Assoc.  M.     Oct. 

Gross,    Joseph    Watson.     Chf.    Deputy    City  |    Jun.  Sept. 

Engr.,  Box   120,  Sacramento,  Cal ^   Assoc.  M.     Oct. 

Haruop,    James    Lawrence.     Chf.    Engr..    Public     Service 

Comm.   of   Missouri,   Jefferson   City,   Mo.......:...      Oct.        1.  1913 


1, 

1913 

1, 

1913 

1, 

1913 

7, 

1902 

1, 

1913 

1, 

1908 

1, 

1913 

November,  11(18.] 
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ASSOCIATE   MEMBERS     (Co7ltinued) 

Hartridge,  Earle  Menelas.    Chf.  Engr.,  A.  M.  Archer,  Port 

au    Prince,    Hayti 

Henriql'es,  Edward  Joseph.     Care,  United  Fruit  Co.,  Tela, 

Honduras 

Hurley,  John  Patrick.     Asst.  Engr.,  Bureau  of  Highways, 

Room  36,  Municipal  Bldg.,  Brooklyn,  N.  Y 

Jackson.  Joseph  Frederick.     185  Church  St.,  New  Haven, 

Conn 

Kayser,  Edward  Mathew.     Engr.  and  Supt.,  Mason,  Hilton 

&  Co.,   Loch  Raven.  Md 

Kingman,  Edward  Dyer.     Asst.  Prof.,  R.  R.  Eng.,  Univ.  of 

Wisconsin,   Madison,   Wis 

Lantz,    Clarence    Ivan.     Secy.-Treas.,    Chrisman-Goodwin 

Foundry   Co.,   Morgantown,   W.   Va 

Leahy,   Thomas  Joseph.     Res.   Engr.,   The  Denver  Union 

Water  Co.,  1654  Broadway,  Box  1518,  Denver,  Colo.. 
Linenthal,  Mark.     Chf.   Eng.  Asst.,  Monks  &  Johnson,   7 

Water   St.,   Boston,   Mass 

LrsK,   Charles   Winslow.     Cons.    Engr.    (Ellis   &   Lusk), 

1413  Waldheim  Bldg.,  Kansas  City,  Mo 

MacDoxald,     Charles.         Member     of     Firm.  )    Jun. 

Wulff  Eng.  Co.,  Tarrytown,  N.  Y ^  Assoc.  M. 

Martin,   Charles   Christophe^i.     Div.    Engr.,    Porto    Rico 

Irrig.   Service,   Guayania,   Porto   Rico 

Matson.  Thomas  Hatcher.  Asst.  Engr.,  U.  S.  Reclama- 
tion Service,  Las  Cruces,  N.  Mex 

Miller.  John  William.     Instr.,  Ry.  Eng.  and  ^ 

I    Assoc 
Surveying,  Univ.  of   Washington.   R.   F.   ^ 

D.  No.   1,  Box  354,  Seattle.  Wash )    ^'*'*"^-  ''^• 

Xoland.  Clarence  J.  Room  1113,  Pennsylvania  Station, 
Pittsburgh,     Pa 

Xou\ND,  CuTHBERT  PowELL,  Jr.  Asst.  Engr.  in  Chg.  of 
Constr.,  Paving  Comm.  of  Baltimore,  1209  John  St., 
Baltimore,    Md 

Okey.  Charles  William.  Drainage  Engr.,  Drainage  In- 
vestigations, U.  S.  Dept.  of  Agii.,  Houma,  La 

Parker,  James  Edwin.  Prin.  Asst.  Engr.,  River  and  Canal 
Comm.,  747  Broad  St.,  Augusta,  Ga 

Peterson,    John    Ferdinand.     Asst.    Sujit.,    Mt.    Auburn 

Cemetery,    Cambridge,    Mass 

I    Jun. 
Potter,  Edwin  .Tames.     Bridgeton.  R.  1 r    t^^^^^^,    -y^^ 

Reed,   Ralph   John.     Asst.    En<rr..    I'liinn    oil 


Co.  of  California.  1.308  Union  Oil  Bldg.. 
Los  Angeles.  Cal 


Jun. 
Assoc.  M. 


Date  of 
Membership. 

Oct.  1,   1913 

Oct.  1,   1913 

June  4,  1913 

Sept.  3,   1913 

Oct.  1,   1913 

June  4,   1913 

Oct.  1,   1913 

Oct.  1,  1913 

Oct.  1.  1913 

Oct.  1.   1913 

April  30,   1912 

Oct.  1,  1913 

Oct.  1,   1913 

Oct.  1,   1913 

April  4,  1911 

Sept.  3.  1913 

Oct.  1,  1913 

Oct.  1,  1913 

Oct.  1,  1913 

Oct.  1.  1913 

Oct.  1.  1913 

Oct.  1.  1907 

Oct.  1.  1913 

Sept.  1.  1908 

Oct.  1,  1913 
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ASSOCIATE   MEMBERS    {Continued)  Date  of 

Membership. 

Richardson,  Charles  Potter.  Asst.  Engr.,  Track  Ele- 
vation, Rock  Island  Lines,  6546  Stewart  Ave., 
Chicago,     111 Oct.        1,   1913 

RoBY,  Thomas  Waltox,  Jr.  Designing  Engr.,  with  Henry 
Goldniark,  Cons.  Engr.,  Care,  Canadian  Locomotive 
Co.,   Ltd.,    Kingston,    Ont.,    Canada. Oct.        1,   1913 

Rockwell,  Selden  Emmett.      (Rockwell  &  Lanahan),  1151 

Empire   Bldg.,    Seattle,    Wash , Oct.        1,   1913 

Sharon,  John  Joseph  Henry.'  Asst.  Supt.,  Operation  and 
Maintenance,  Spring  Val.  Water  Co.,  254  Carl  St., 
San    Francisco,    Cal Sept.      3,   1913 

Sprol,  Samuel  Joseph.     Engr.,  Tlie  West  Constr.  Co.,  627 

North  Kenwood  Ave.,  Baltimore,  Md Oct.        1,   1913 

Stevens,  Roe  Loomis.     4304  Forestville  Ave..  Chicago.  111.     July       2,  1913 

Suttle,    Clifford    Bradley.     With    Executive  ^ 

Committee,    R.    D.    Wood   &    Co..    305-B  I    Jun.  Oct.      30,  190G 

Monterey  Apartments,  43d  and   Chester  [    Assoc.  M.     Oct.        1,   1913 
Ave.,  Philadelphia.  Pa | 

Taylor,  Edwy  Lycurgus.  Asst.  Engr.,  Office  of  Engr.,  M. 
of  W.,  N.  Y..  N.  H.  &  H.  R.  R.,  44  Cold  Spring  St., 
New   Haven,    Conn Oct.        1,   1913 

Teal.  Jonathan  Ernest.     Asst.  Engr.,  Oper-  ") 

ating  Dept.,  B.  &  O.  R.  R.,  502  B.  &  O.  t   J^^"'  ^'.^^^      ^'   ^^"^^ 

„,,"    ^\'.             ,,,  r   Assoc.  M.     Oct.        1.  1913 

Bldg.,  Baltimore,  Md ^ 

von  Blucher,  Conrad  Meuly.     Asst.  City  Engr.,   Corpus 

Christi,   Tex Oct.        1,   1913 

Walter,    Roscoe    George.     Res.    Engr.,    Constr.    of    Power 

Plant,    Wisconsin   River    Power   Co.,    for    Daniel    W. 

Mead,   Prairie  du   Sac,   Wis Sept.      3,   1913 

Walter,    Thomas    Robert.     Gen.    Supt.    of    Constr.    Dept., 

Double  U  Co.,   Post  City,   Tex Oct.        1,  1913 

Wheeler,   Robert   Clark.     Res.   Engr.,   George   W.   Fuller, 

Cons.  Engr.,  Room  5,  City  Hall,  Vincennes,  Ind....  Oct.  1.  1913 
Williams,  William  Lane.     Supt.  of  Constr.,  M.  A.  Talbott 

Co.,  713  North  Washington  St.,  Rome,  N.  Y Oct.        1,   1913 


JUNIORS 

Benson,  Robert  Cbewdson.  Asst.  Engr.  and  Irrig.  Expert, 
State  Rivers  and  Water  Supply  Comm.,  Tatura,  Vic- 
toria,   Australia April     2,   1913 

BovYER,  William  Blair.     Asst.  Civ.  Engr.  with  City  Engr., 

839«  Ashbury   St..   San   Francisco,   Cal Oct.        1,   1913 

Clark,  John  James.     Engr.,  Wm.  B.  Ittner,  Archt.,  6015 

Westminster,    St.    Louis,    Mo Sept.      3.   1913 
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Coi.AS.   Nicholas.     Asst.  Engr..   Constr.   Dopt..   rjuateniala 

Div.,    United    Fruit    Co..    Virfjiiiia.    I'licrto    Barrios. 

Guatemala Oct.        1,   1913 

Coi.KMAN.    EuGKNK   HiNTKH.     With    J.    F.    Colemaii,    Cons. 

Hn^rr..  920  Hilu'rnia   Hidjx..  New  Orleans,  La Oct.         1.   1913 

Dki.a.n Y.  Lkwis  IIknky.     With  Tennessee  Natural  Dcveloj)- 

mcnt  Co.,  R.  F.  D.   11,  Greeneville,  Tenn Oct.        1,   1913 

Ki>Mi  .M).s,  yT.\M.KY  Hakvky.     City  Engr..  Yankton,  S.  Dak.     Oct.        1,   1913 
Mliot.  William  .Mack.     713  North  Lancaster  Ave.,  Dallas, 

Tex May       7,   1913 

Crkpk.  Johx   Stanlky,  Ju.     Care.   Staudanl   Oil    Co.,  Pipe 

Line   Dei)t..   Taft,   Cal Oct.        L   1913 

Hays.  Jamks  Hiciianax.     Designing  Draftsman  for  F.  C. 

Horn.    Box    30ti,    Boise,    Idaho OcL        1,   1913 

Heuzu;.  Solon.     Hotel   Leonard,   Butte,  Mont Oct.        1,   1913 

Kaifmann,       Ernst      Gustav.     Draftsman,      MacKenzie. 

Mann  Co..  Ltd.,  611  Jarvis  St.,  Toronto,  Ont.,  Canada.     Oct.        1,  1913 
Matiuas,   Jaued   Leuoy.     Asst.   Dist.    Engr.,   V.   S.   Forest 

Service.    San    Francisco,    Cal Oct.        1,   1913 

Morrow,   Clarence   Edgak.     Instr.   in   Architectural    Eng., 

Mass.  Inst.  Tech..   103  Hemenway  St.,  Boston,  Mass.     July       2,   1913 
Pitman.    Laurence    Minot.     49    Grafton    St.,    Arlington, 

Mass Oct.        1.   1913 

Sinclair.    Leonard    Hanscome.     Structural    Steel    Drafts- 
man. Bureau  of  Yards  and  Docks,  Room  510,  Mills 

Bldg.,   Washington,   D.   C Oct.        1,  1913 

Smillie,  Ralph.     Structural  Draftsman,   I.  R.  T.  Co..  440 

West   End  Ave.,   New  York  City Oct.        1,   1913 

Smith.  William  Andiiew.     3848  Zenobia  St.,  Denver,  Colo.     Oct.        1,  1913 
Willis.     Walter     John.     Junior     Engr..     Public     Service 

Connn..    First  Dist.,   508   West   122d   St.,   New  York 

City Sept.      3.   19 13 
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Aldeu.son.   Algernon    Brown.     36   Pearl   St..   Hartford.   Conn. 

Altstaetter,  Frederick  William.  Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Wash- 
ington Barracks.  Washington.  D.  C. 

Andrews.  Danip:l  Marshall.  U.  S.  Asst.  Kngr.,  Box  7G3,  Montgomery, 
Ala. 

A1CHINCL0.SS,  William   S.     122   South   St.,  Morristown,   N.  J. 

BiLLiN.  Charij;s  Emeby.     744  Lincoln  Parkway,  Chicago,  111. 

liisiior.  llrnERT  Keeney'.     Warsaw.  N.  Y. 
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Blaxchard,  Murray.     Care,  The  San.  Dist.  of  Chicago,  700  Karpen  Bldg., 

Chicago,   111. 
Carlin,  Joseph  Patrick.     Pres.,  The  P.  J.  Carlin  Constr.  Co..   112.3  Broad- 
way, New  York  City. 
Carpenter,  Allan   Wadsworth.     Engr.  of  Structures,  N.  Y.   C.   &    H.   R. 

R.  R.,  60  Arthur  St.,  Yonkers,  N.  Y. 
CoNTRi,  Silvio.     Archt.,  Care,  Henry  L.  Lazarus,  New  Orleans,  La. 
CusHMAN,  William  Herbert.     Fulton,  N.  Y. 
Dean,  Bertram  Dodd.     55  Bradford  St.,  Needham,  Mass. 
Drury,  Edmund  Hazen.     Cons,  and  Superv.  Engr.    (Walsh   &  Drury),   310 

Booth  Bldg.,  Ottawa,  Ont.,  Canada. 
Ernst,  Oswald  Herbert.     Brig.-Gen.,  U.  S.  A.    {Retired)  ;   Chaiiman,  Am. 

Section,    International    Waterways    Comni.,    1.321    Connecticut    Ave., 

Washington,  D.  C. 
EwiNG,  William  Wallace.     426  Lennox  Ave.,  Westfield,  N.  J. 
Fehr,   Harrison   Robert.     Pres.   and   Gen.   Mgr.,   Lehigh   Val.   Transit   Co., 

Allentown,   Pa. 
Frye,  Harley  Edgar.     Junior  Engr.,  U.  S.  Engr.  Corps.  U.  S.  Engr.  Oflice, 

Louisa,  Ky. 
Granbery,  Julian  Hastings.       148  West  11th  St.,  New  York  City. 
Grant,  Kenneth  Crothers.     6109  Fifth  Ave.,  Pittsburgh,  Pa. 
Harts,  William  Wright.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Office  "f  Public 

Bldgs.  and  Grounds,  Lemon  Bldg.,   Washington.  D.  C. 
Haslam,  Erwin  Ernest.     Westford,  Pa. 
Hazlehurst,    James    Nisbet.     Cons.    Municipal    Engr.,    1123    Hurt    Bldg., 

Atlanta,   Ga. 
Hilgard,    Karl   Emil.     Cons.    Engr.,    Klosbachstrasse    No.    159.    Zurich,    7, 

Switzerland. 
HiNDES,   Stetson   George.     Pres.,    San   Francisco   Bridge  Co.,    1005   Nevada 

Bank  Bldg.,  San  Francisco,  Cal. 
Hoxie,   Richard  Leveridge.     Brig.-Gen.,   U.   S.   A.    {Retired),    1632   K   St., 

N.  W.,  Washington,  D.  C. 
Ingersoll,    Colin    Macrae.     Advisory    Engr.,    165    Broadway.    Room    2127, 

New  York   City. 
liELLER,    Charles.     Maj.,    Corps    of   Engrs.,    U.    S.   A.,    U.    S.    Engr.    Office, 

Mobile,  Ala. 
Kersting,   Felix   John.     Contr.   Engr.,   Missouri   Val.    Bridge   &   Iron   Co., 

724   Oak   St..   Leavenworth,   Kans. 
Lewis,    Clarence    Charles.     Gen.    Mgr.,    Cia.    de    Luz   y    Fuerza    Motriz, 

Rivera  Indarte,   155.  Cordoba,  Argentine  Republic. 
McCarthy,  George  Arnold.     503  Sherbourne  St.,  Toronto,  Ont..  Canada. 
McFetridge,  William   Sutton.     Valuation  Engr.,  B.  &  L.  E.  R.   R.    (Res., 

118  Plum  St.).  Greenville,  Pa. 
Martin,  James  William.     Gen.  Contr.    (Martin  &  Gillis).  Box  23,  Tempe, 

Ariz. 
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Mathewson,  Thomas   Kxigiit.     1563   North   Lake  Ave.   Pasadena,   Cal. 
Moore,    Charles    IIakry.     Director    of    Eng.    and    Constr.,    Ferrocarril    al 

Curaray   (Obra  Nacional ) .  Ecuador,  2  Rector  St.,  New  York  City. 
MriitiiEAi).    James    Herhert    Hawksworth.     Can-,    Horace    Muirhead,    31 

Craven  St.,  Strand,  London,   W.  C,   England. 
I 'aimer,   Johx   Geary.     Asst.   Engr..   New   York    State    Barge   Canal,    Port 

Byron,  N.  Y. 
I'lAYMOXD.  Alfred,     (ien.  Mgr..  Drainage  Dept..  Sewerage  and  Water  Board 

of  New  Orleans,   503   City  Hall   Annex    (Res.,   1324   Nashville   Ave.), 

New  Orleans.  La. 
Ropes,  Horace.     122  West  Franklin  Ave.,  Minneapolis.  Minn. 
Russell,  Silas  Bent.     Secy.,  Parker-Russell  Min.  &  Mfg.  Co.,  002  Laclede 

Gas  Bldg.,  St.  Louis,  Mo. 
Schxeeweiss,  Adolph   Eugene.     15   Seventeenth   Ave.,  Newark,  N.  J. 
Shaxd,  James.     Care,  James  Stewart  &  Co.,  Inc.,  Mechanicsville,  N.  Y. 
Slifer.  Hiram  Joseph.     Cons.  Engr.,  Room  861,  The  Rookery,  Chicago,  111. 
Smetters,  Samuel  Tupper.     Asst.  Bridge  Engr.,  The  San.  Dist.  of  Chicago, 

700   Karpen   Bldg.    (Res.,   6071    Jefferson   Ave.),   Chicago,    111. 
Spicer,    ViBt    KiERULFF.     Canadian    Representative.    The    Union    Switch    & 

Signal  Co.,  611   Canadian  Express  Bldg.,  Montreal,  Que.,  Canada. 
Stephexs.  Clinton  F;     626  Roe  Bldg.,  St.  Louis.  Mo. 
Sumner,  Horace  Augustus.     Cons.  Engr.,  1639  Race  St.,  Denver,  Colo. 
Sweetser,  Charles  Herbert.     Highway  Engr.,  Office  of  Public  Rds.,  U.  S. 

Dept.  of  Agri.,  Lake  Charles,   La. 
Taylor,  Lucian  Arnold.     Cons.  Engr.,  8  Dean  St.,  Worcester,  Mass. 
Walker,  Emery  Lafayette.     Care.  Hale  &  Kilbourn,   18th  St.  and  Lehigh 

Ave.,  Philadelphia,   Pa. 
Weston,    Edmund    Brownell.     Cons.    Engr. ;    Pres.,    Jewell    Export    Filter 

Co.,  P.  O.  Box  1316,  Providence,  R.  I. 
Whittemore,  Joseph  Ogier.     1   Newark  St.,  Hoboken,  N.  J. 
WiLLOiGHBY,  Jlxius  Edgar.     Asst.  Chf.  Engr.,  Atlantic  Coast  Line  R.  R., 

205   South   5th   St.,  Wilmington,   N.   C. 
WiTMER.   Francis   Potts.     Care,   Brooklyn  Rapid   Transit  Co.,    85   Clinton 

St..  Brooklyn,  N.  Y.  (Res.,  32  North  Burnett  St.,  East  Orange,  N.  J.). 

associate    MEMBERS 

Adey,  John  Seager.      With  W.  II.  Gahagan.  Inc.,  18  Vista  Ave.,  Brooklyn, 

N.  Y. 
AiKENHEAD,    James    Ray.     With    Eastman    Kodak    Co.     (Res.,    365    Magee 

Ave. ) ,  Rochester,  N.  Y. 
AsHBROOK,  Chester  Daniel.     Care,  Foley  Bros.,  Sudbury,  Ont..  Canada. 
Barney.    William    Joshua.     Asst.    Secy.,    The    National    Assoc,    of    Port 

Authorities,   29  Broadway,  Room   1200,  New  York  City. 
Bausher.  Carmi   Irving.     Asst.  Engr.,  B.  and  C.  Dept.,  The  Penna.  Steel 

Co.,  Camp  Hill,  Pa. 
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Bayley,  Charles  Abebcrombie  Dunbar.     124  Cedar  Ave.,  Montreal,  Que., 

Canada. 
Beal.   George   Saffokd.     107    Chestnut   St.,   Harrisburg.   Pa. 
BE.A.TY,   Robert  Ernest.     Care,  Republic  Creosoting  Co.,  Mobile,  Ala. 
Benham.    Webster    Lance.     Cons,    and    Superv.    Engr. ;    Clif     Engr.,    The 

Benham  Eng.  Co.,  435  Am.  National  Bank  Bldg.,  Oklahoma,  Okla. 
Blackburn,  Nathaniel  Townsend.     U.  S.  Asst.  Engr.,  U.  S.  Engr.  Office^ 

Galveston,  Tex. 
Blair,  Clarence  Moore.     785  Edgewood  Ave.,  New  Haven,  Conn. 
Buck,    Con    Morrison.     Cons.    Engr..    301    East    Oklahoma    Ave.,    Guthrie, 

Okla. 
Case,    George    Wilkenson.     Asst.    Prof.,    San.    Eng.,    Univ.    of    Pittsburgh, 

Pittsburgh,  Pa. 
Christie,  Hans   Langsted.     Care,   Am.   Bridge  Co.,   Ambridge,   Pa. 
Cole,  Herbert  Nichols.     Const.   Engr.,  Semet-Solvay  Co.,  Syracuse,  N.   Y. 
Collins,   Clarke   Peleg.     Civ.   and   San.   Engi.,   401    First   National    Bank 

Bldg.,  Johnstown,  Pa. 
Conzelman,    John    Edward.     Vice-Pres.,    Unit.    Constr.    Co..    501     McGill 

Bldg.,  Montreal,  Que.,  Canada. 
Coulter,   Waldo   Scarlette.     With  Lederle   &   Provost,   39   West  38th   St., 

New  York  City    (Res.,  4tj9  Waverley  Ave.,  Brooklyn,  N.  Y.). 
Creelman,  Charles  Lauder.     Contr.    (C.  L.  Creelman  Co.),  Sedro  Woolly. 

Wash. 
Davis,  Arthur  Ai^ert.     46  Park  Ave..  Bethlehem,  Pa. 
DeLamere,  Charles  Thomas.     Asst.  Engr.  of  Constr.,  C.  P.  Ry.,  Montreal, 

Que.,  Canada. 
Doolittle,    Frederick    William.     Special    Investigator,    R.    R.    Comm.    of 

Wisconsin,   307   North   Ingersoll  St.,  Madison,   Wis. 
DuN.x,  Oswald  Thorpe.     1478  South  2d  St.,  Louisville,  Ky. 
Eld,  Charles  John,  Jr.     1005  Commerce  St.,  Little  Rock,  Ark. 
Foss,  James  Calvin,  Jr.     Civ.  and  Hydr.  Engr..   Wailuku,   Maui,  Hawaii. 
Frey,  Frank  Edward.     Engr.  and  Contr.,  2526  Q  St.,  Sacramento,  Cal. 
Gardner,  Archibald.     Babylon,   N.   Y. 
Goodman,  Harry  Minott.     Care,   San   Francisco   Bridge   Co..    1005   Nevada 

Bank   Bldg,,  San   Francisco,  Cal. 
GooDM.\N,   Leon.     Pres.,  Goodman-McCormick   Co..   Inc..  410  Hubbell   Bldg.,. 

Des  Moines,  Iowa. 
GowDY,  Roy  Cotsworth.     Chf.  Engr.,  Fort  Worth  &  Denver  City  Ry.  and 

Wichita  Val.  Lines,  Room  404,  Denver  Bldg.,  Fort  Worth,  Te.x. 
Grandpre,  Ambrose  Goulet.     Supt.  of  Constr.,  Marshall  &  Fo.x.  5830  West 

Race  Ave..  Chicago,  111. 
Grover,   Oscar  Llewellyn,     Bridge   Engr.,   C.  &.  0.  Ry.,   311   North   Syca- 
more St.,  Richmond,  Va. 
Harding,    Sid.ney'   Twichell.     Irrig.   Engr.,   Office   of   Experiment   Stations, 

U.   S.   Dept.   of  Agri.,  Care,  U.   S.   Drainage   Investigations,   Berkeley. 

Cal. 
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Uaudman.   Roy  Coiiuis.     307   Cheyenne   Boulevard,   Colorado   Springs,   Colo. 

Harps.  Harky  Macy.     2{13  East  IGth  St..  Brooklyn.  N.  Y. 

Hasbrouck.  Oscar.     780  Myrtle  Ave.,  Albany,  N.  Y. 

Hatch.  Everett  Hamilton.     1142  Leavenworth   St..  San  Francisco.  Cal. 

Heslop.   Derwent  Gordon.     Engr.,   Ceylon   Govt.   Ry..   Care.   Thos.   Cook   & 

Son,  Colombo,  Ceylon. 
IlujGi.NSON".   Jonathan    Yates.     Hotel    Wallick.    Broadway   and    Forty-third 

St.,  New  York  City. 
IIoeemark,  Richard  Frederick.     Supt.,  Guthrie.  ^McDougall  &  Co.,  Wenat- 

c'hee,  \\'ash. 
HuwELL.    Frank    Scott.     Civ.    Engr.    in   dig.,    U.    S.    Immigration    Station, 

Ellis   Island,   New   York   Harbor,   N.   Y.    (Res.,    1182   Broadway,   New 

York  City). 
Ikvine.  Frederick  Brice.     Cons.  Engr.,  1   Wall  St.,  New  York  City. 
Jenkins,  James    Edgar.     Const.    Engr.,  Grant   Smith   &   Co.  &   Locher.   25 

West  42d   St.    (Res..  3495  Broadway),   New  York   City. 
Jones.  Jonathan.     5223  Wissahickon  Ave.,   Philadelphia,  Pa. 
KEi.ix)Gti.  Frances  William.     531  Hamlin  St..  Watertown.  N.  Y. 
Knight.  Walter  Joseph.     Vice-Pres.,  Bergendahl-Knight  Co.,   1311   Harris 

Trust  Bldg..  Chicago,  111. 
Koch.  John  Christian.     1332  North  Broadway.  Baltimore.  ]Md. 
KoicsMO.  Amund  Marius.     164  Elm  St.,  Elgin.  111. 
I.angiJ':y.   Clarence  Erwin.     Care,  Morgan   Eng.  Co.,  Dayton,   Ohio. 
I.arkins.  Edgar  Ernest.     Engr.  with  Larkin  Co..  33  Inwood  PI..  Buffalo, 

N.  Y. 
Lawrence,   Egbert   Vanhobn.     Asst.   Engr..   Bureau   of   Highways,    Bronx, 

Third  Ave.  and  177th  St.    (Res..  1718  Edison  Ave.),  New  York  City. 
Lee.  Charles  Hamilton.     Hydr.  Engr.,    1103  Central   Bldg.,   Los  Angeles, 

Cal. 
Leete.  Percy  Remington.     Res.  Engr..  N.  Y.,  N.  H.  &  H.  R.  R.,  Hartford, 

Conn. 
MacNaughton,  Ernest  Boyd.     Pres.  and  Mgr.,  MacNaughton  &  Raymond, 

Inc.,  Archts.-Engis..  605  Title  and  Trust  Bldg.,  Portland,  Ore. 
Macomb.  John  de  Navarre,  Jr.     Office  Engr.,  A..  T.  &  S.  F.  Ry.  System, 

1033  Ry.  Exchange.  Chicago,  111. 
Matlaw,    Isaac    Soix)N.     Asst.    Engr.,    Public    Service    Comm..    First    Dist., 

820  West  180th  St.,  New  York  City. 
Maughmer.  Carl.     1409  O  St..  Sacramento,  Cal. 
Merriman,  Fred  Knights.     With  J.  G.  White  Eng.  Corporation,  83  I^well 

St..  Brockton,  Mass. 
Miller,  Hiram.     45  Edgewood  Ave.,  New  Haven.  Conn. 
Myers,  Chester  John.     Asst.   Engr.,  State  Highway   Comm.,   8   York   St., 

Utica.  N.  Y. 
Nelson.   Arthur  Thoma.s.     Engr.   and   Sales   Agt.,   Trussed   Concrete    Steel 

Co.,   448   Central   Bldg..   Seattle,   Wash.    (Res..    71    Esmond   St.,   Dor- 
chester, Mass.). 


740  MEiLBERSHIP — CHANGES    OF    ADDRESS       [Society  AfTairs. 

ASSOCIATE  MEMBERS    (Continued) 

Newton,  George  Cheney.     Engr.,  Newton  Eng.  Co.,  Beloit,  Wis. 
NiMMO,   William   Hogarth   Robertson.     61    Park   St.,   South   Yaira,    Mel- 
bourne, Australia. 
O'Hearn,  John  Lynch.     Cons.  Engr.,  631  Wilson  Bldg.,  Dallas,  Tex. 
Paine,  Hibbard  Atwill.     1007  Adams  St.,  Wilmington,  Del. 
Parker,  Philip  a  Morley.     25  Victoria   St.,   Westminster,  London,   S.   W., 

England. 
Reed,  Alfred  Clare.     Care,  The  Cuba  R.  R.,  Camaguey,  Cuba. 
Robb,  Louis  Adams.     44  West  44th  St.,  New  York  City. 
ROBBINS,    Dana    Watkins.     Const.    Engr.     (Dana    W.    Robbins,    Inc.),    149 

Broadway,  New  York  City. 
Roberts,   William    Williams,   Jr.     Supt.,   Turner   Constr.   Co.,   Care,   Am. 

Agri.    Chemical    Co.,    Bradley    Fertilizer    Works,    North    Weymouth, 

Mass. 
Rockwell,  Reuben  Lynn.     Shubrick  Apartments,  4th  St.  and  West  Temple, 

Salt  Lake  City,  Utah. 
Saner,  Curtis  Charles.     Municipal  and  San.  Engr.,  4513  North  Campbell 

Ave.,  Chicago,  111. 
Scott,    John    Kuhn.     Asst.    Mgr.,    Operating    Dept.,    Am.    Water-Works    & 

Guarantee   Co.,    Pittsburgh     (Res.,    431    Locust   St.,    Edgewood    Park, 

Swissvale,   P.  O. ),   Pa. 
Sheffield,  Edward  Newton.     98  West  Front  St.,  Red  Bank,  N.  J. 
Shepperd,   Thomas   Shackelford.     322   North   Lang  Ave.,   Pittsburgh,   Pa. 
Shoemaker,  John  Earl.     2608  East  Spring  St.,  Seattle,  Wash. 
Smith,  Edward  St.  Clair.     State  Highway  Engr.,  Gooding.  Idaho. 
Smith,  Herbert  James.     Putnam,  Conn. 
Smith,  Plumer  Henry.     Jacksonville,  Tex. 
Smith,  William  Ernest.     Care,  L.  W.  Rundlett,  Commr.  of  Public  Works, 

Moose  Jaw,   Saskatchewan,  Canada. 
Snyder,    Hunter   Imboden.     Structural    Engr.,    811    Heard    National    Bank 

Bldg.,  Jacksonville,   Fla. 
Sparrow,    William    Wahburton    Knox.     Care,    Public    Service    Comm.    of 

Missouri,    Jefferson    City,    Mo. 
Squire,  Harry  Edwin.     2218  Los  Angeles  Ave.,  Berkeley,  Cal. 
Strout,  Gale   Stanley".     1131   Hearst  Bldg.,   San   Francisco,   Cal. 
Sturdevant,   James   Hiram.     Div.   Engr.,   Div.    3,   New    York   State   High- 
way Dept.,  Cleveland  Bldg.,  Watertown,  N.  Y. 
Sykes,   John   Wallace   Jones.     Asst.   Engr.,   The   Laclede   Gas   Light  Co., 

3417   Park  Ave.,  St.  Louis,  Mo. 
Taylor,   Nelson.     University  Club,  Los  Angeles,   Cal. 
Thayer,    Nathaniel   Augustine.     Structural    Steel    Draftsman,    Board    of 

Education,  414  West   118th   St.,   New   York   City. 
Turner,  Augustus  Miesse.     Dist.  Engr.,  C,  C,  C.  &  St.  L.  Ry.,  Room  5, 

Fair   Bldg.,   Indianapolis,   Ind. 
Turney,   Omar  Asa.     Plioenix.   Ariz. 
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Van  Pelt,  Sutton.     Constr.  Engr.,  FitzSimons  &  Connell  Dredge  &  Dock 

Co.,   10   South  La   Salle  St.,  Chicago,  111. 
Walker,  Fred  Bacon.     Asst.  Engr.,  C,  M.  &  St.  P.  Ry.,  Box  25,  Lewistown, 

Mont. 
Weir,   Walter  Wallace.     Drainage   Engr.,   Office   of   Experiment   Stations, 

U.  S.  Dept.  of  Agri.,  Budd  Hall,  Univ.  of  California,  Berkeley,  Cal. 
Weston,  Benjamin  Thomas.     Madison,  Me. 
White,  Robert  Culin.     Gen.  Roadmaster,  Mo.  Pac.  R.   R.,  P.  O.  Box    15, 

Wynne,  Ark. 
Whitman,    Ralph.     Asst.    Civ.    Engr.,    U.    S.    N.,    U.    S.    Naval    Academy, 

Annapolis,   Md. 
Williams,  Haswell  Pi.oger.     Engr.,  Morrow  Bros.,  1429  Poplar  Grove  St., 

Baltimore,  Md. 
Williams,   Jacob  Paul  Jones.     Asst.   Prof,   of   Structural   Eng.,   Univ.   of 

Minnesota,  Eng.  Bldg.,  Minneapolis,  Minn. 
Wilson,    John    Junior.     Instr.,    Coll.    of    Agri.;    Asst.    Engr.,    Experiment 

Station,    Univ.    of    Minnesota,    Care,    Agri.    Eng.    Bldg.,    Room    208, 

University   Farm,   St.   Paul,   Minn. 

associates 

Brooks,  David  Walker.     112  West  72d  St.,  New  York  City. 

Fletcher,  Lewis  Irving.     Gen.  Contr.,  Kent,  Ohio. 

Marsh,'   Albert    Lereaux.     With    Brooklyn    Rapid    Transit    System,    6411 

Twenty-first  Ave.,   Brooklyn,   N.  Y. 
Phelps,  Earle  Bernard.     Prof,  of  Chemistry,  Office  of  Hygienic  Laboratory, 

25th  and  E  Sts.,  N.  W.,  Washington,  D.  C. 


Ackhart,  Andrew  Lewis.  Imperial  Constr.  Co.,  Fitzbach,  Care,  W.  M. 
Wilkie,   Hobon,    Ont.,    Canada. 

Backus,  Murray  James.     Central  Romana,  La  Romana,  Dominica. 

Bigelow,  William  Walter.  Care,  SawT^er  &  Moulton,  Berlin  Mills  Co.. 
Berlin,   N.  H. 

Burrowes,  Robert  William.     P.  0.  Box  124,  Long  Beach,  N.  Y. 

Bushway,  Walter  Benjamin.  Engr.  and  Agt.,  Boston  Dwelling  House 
Co.,  308  Hyde  Park  Ave..  Jamaica  Plain,  Mass. 

Carpenter,  J.   C.     1633   West  Minnehaha   St.,   St.   Paul,  Minn. 

Cartwright,  Henry  Hart.  Asst.  Engr.,  L.  &  N.  R.  R.,  Box  16G,  Win- 
chester,  Ky. 

Cater,  Walter  Day.  W'ith  Newport  News  Shipbuilding  &  Dry  Dock 
Co.,  327   Forty-ninth   St.,  Newport  News,  Va. 

Clifford,  Walter   Woodbridge.     52   Milton   Ave.,   Hyde   Park.   Mass. 

CoLGAN,  Robert  Joseph.     Asst.  Supt.,  P.  R.  R.,  Box  31,  Dravosburg,  Pa. 

Curtis,  Harold  Edwin.     Care.  The  Foundation  Co.,  Little  Hocking.  Ohio. 


742  MEMBERSHIP — CHAXGES    OF    ADDRESS       [Society  Affairs. 

JUNIORS    {Continued} 

Davenport,  Royal  William.  Junior  Engr.,  Water  Resources  Branch, 
U.    S.    Geological   Survey,    Washington,   D.   C. 

DuBois,  George  Baciie.  Ingeniero  del  Central  Santa  Lucia  Ferro  Carril, 
Santa   Lucia   Co.,   Santa  Lucia,   Oriente,   Cuba. 

FiBiLD,  Clesson  Herbebt.  With  Lackawanna  Steel  Co.  (Res.,  223  Loring 
Ave.),  Buffalo,  N.  Y. 

Franklin,  William  Hawley.  Engr.  and  Constr.  Supt.,  Franklin  Eng.  Co., 
R.  F.  D.,  Port  Orchard,  Wash. 

Fretz,    Edmond   Anthony.     Care,    City    Engr.,    Houston,    Tex. 

GERMBai,  Wilhelm  Eduard.  With  Siemens  &  Halske  of  Berlin,  Fritsche 
St.  54  III,  Charlottenburg,  Germany. 

Goodwin,  Ralph  Edward.     139  We§t  70th  St.,  New  York  City. 

Grannis,  James  Kidwell.  Gen.  Supt.,  H.  L.  Stevens  &  Co.,  1109  Kari>en 
Bldg.,   Chicago,   111. 

GuiLLEMETTE,  JOSEPH  Dydime.  With  Jenks  &  Ballou,  735  Grosvenor  Bldg., 
Providence    (Res.,  70  Magill  St.,  Pawtucket),  R.  I. 

Hayes,  Harry  Riddel.     75   South   Pine  Ave.,  Albany,  N.  Y. 

Hjorth,  Lauritz  Rasmus.  Draftsman,  Cartwright,  Matheson  &  Co.. 
001   Rogers  Bldg.,  Vancouver,   B.  C,  Canada. 

Hohl,  Leonard  Louis.     743  Fifth  Ave.,   San  Francisco,  Cal. 

Illingworth,  George  Corliss.  Dist.  Mgr.,  Murphy  Iron  Works,  Empire 
Bldg.,  Atlanta,  Ga. 

Kellebsberger,  Arnold  Charles.  Care,  Sunset  Heights  Drug  Store, 
Houston,    Tex. 

KiRKWOOD,  Howard  Cambebne.  Engr.,  Manhattan  Div.,  P.  R,  R.,  Penn- 
sylvania Station,  New  York  City  (Res.,  148  Cypress  Ave.,  Flush- 
ing, N.   Y. ). 

Lucchetti-Otero,  Antonio  Sebastian.  Div.  Engr.,  Bureau  of  Public 
Works,  Govt,  of  Porto  Rico,  4  Allen  St.,  San  Juan,  Porto  Rico. 

Marks,  Edwin  Hall.  First  Lieut.,  Corps  of  Engrs.,  U.  S.  A.,  Naval 
Station,   Island  of  Guam,   Mariana   Islands. 

Martinez,  Rolando  Arnoldo.     Calle  17,  No.  510,  Vedado,  Havana,  Cuba. 

Mayo,  George.     Box  42,  Templeton,  Cal. 

Morrison,  Roger  Leroy.  Rd.  Dept.,  United  Gas  Impvt.  Co.,  Philadel- 
phia, Pa. 

Neuhardt,    Edwin.     luka,   Miss. 

Partridge,  John   Frederick.     2246   California    St..   San   Fiancisco,   Cal. 

Peck,  John  Calvin.  Otfice  of  the  Div.  Commercial  Engr.,  New  York  Tele- 
phone  Co.    (Res.,  416   Hudson   Ave.),   Albany,   N.   Y. 

Phalan,  John  Joseph  Francis.     611   Church  St.,  Ann  Arbor,  Mich. 

Phillips,  James  Vernon.     Drainage  Engr.,  U.  S.  Dept.  of  Agri.,  Baxley,  Ga. 

Rossi,  Irving.  Structural  Draftsman,  MiHiken  Bros.,  Inc.,  945  Hoe  Ave.. 
New   York   City. 

Searight,  George  Peter.  Insp.,  Board  of  Water  Supply,  Box  248,  Val- 
halla,  N.  Y. 


.November,  1913. J      memBEKSHU'— CHANGES    OF    ADDRESS — DEATHS      743 

JU.MOiss    {Continued) 

Smith,    RoitKin    Mackim.ay.     4421    Berlin  Ave.,   iSt.   Louis,  Mo. 

Smyth,    Autih  u    I'oktkk.     Junior    Kugr.,    U.    S.    Reclamation    Service,    St. 

Ignatius,   Mont. 
Si'EXGLER.  John  Uenuy.       Designer,  Eng.  Dept.,  C.  &  O.  Ry.,  First  NatioTuil 

Bank    HIdg..   Richmond,   Va. 
Starkweatheh,     Alkkku     Kk.nneth.      Instrumenlman     witli     Passaic     Val. 

Sewerage  Comm..  Y.  M.  C.  A.  Bldg.,  Passaic,  N.  J. 
Stow.  Frederic  Stevens.     Room  40G,  Union  Station,  Providence,  R.  I. 
Strehan,    George    Ernest.     Asst.    Engr.,    Bureau    of    Bldgs.,    Borough    of 

Manhattan,   220   Fourtli   Ave.    (Res.,   287   East  20:3d   St.),   New   York 

City. 
Strohl,   RiciiAUDS   Meri.e.     Care.    L.    T.    Bcrthe,    Charleston,    Mo. 
SwiNTON.  Roy  Stani-ey.     Insp.,  Ohio  River   Impvt.,  U.  S.   Govt.,  601   Win- 

cliester   St..   Ashland,  Ky. 
Tatlm.   RoisERT  Lee.     U.   S.  Junior  Engr..   Box  421,  Vicksburg,  Miss. 
Thackwell,    Henry   Lavfrence.     Hydr.    Engr.,    1703    Hoge    Bldg.,    Seattle, 

\Vash. 
Thomas,   Franklin.     Associate   Prof,   of   Civ.    Eng.,   Throop   Coll.   of  Tech- 
nology, Pasadena,  Cal. 
Vaughn,    Romney:    Leigh.     Civ.    Engr.,    Standard    Am.    Dredging    Co.,    San 

Pedro,  Cal. 
VVebnecke,   Chauncy.     3729   Manayunk   Ave.,   Philadelphia,   Pa. 
Winn,    Harry    Strong.     Engr.    of    Constr.,    St.    Louis    Sewer    Dept..    8305 

South   Broadway    (Res.,   3410«  Hartford   St.),   St.   Louis,   Mo. 
Wright,   Rene   Barker.     575   Bidwell   Ave.,   Portland,   Ore. 
Yeo,  \\ilmam  Albert.     Care,  S.  P.  &  S.,   11th  St.  Depot.  Portland.  Ore. 


DEATHS 

Merrick,  Horace  Guy.  Elected  Associate  Member,  May  7th,  1913;  died 
October  30th,   1913. 

PoNTZEN,  Ernest.  Elected  Corresponding  ^Member,  January  5th,  1876; 
died   October    13th,    1913. 

Zollinger,  Luther  Reese.  Elected  Member,  March  (ith,  1001 ;  died  Octo- 
ber 21st,   1913. 


Total  Membership  of  the  Society,  November  6th,  1913, 
7  219. 


744 


CURRENT  ENGINEERING  LITERATURE     [Society  Affairs. 


MONTHLY    LIST  OF   RECENT  ENGINEERING   ARTICLES   OF 

INTEREST. 

(October  2d  to  November  3d,  1913) 
Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(1)  Journal,    Assoc.    Eng.    Soc,    Boston,     (28) 

IMsss      30c 

(2)  Proceedings,   Engrs.   Club  of  Phila.,     (29) 

Philadelphia,  Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel-     (30) 

phia,    Pa.,   50c. 

(4)  Joitrnal.    Western     Soc.    of    Engrs.,     (31) 

Chicago,    111.,    50c. 

(5)  Transactions,      Can.      Soc.      C.      E., 

Montreal,   Que.,   Canada.  (32) 

(6)  School     of     Mines     Quarterly,     Co- 

lumbia   Univ.,     New    York     City, 

50c.  (33) 

(7)  Gesundheits      Ingenieur,      Miinchen,     (34) 

Germany. 

(8)  Stevens     Institute     Indicator,      Ho-     (35) 

boken,   N.    J.,   50c. 

(9)  Engineering    Magazine,    New    York    (36) 

City,    25c.  (37) 

(10)  Cassier's  Magazine,  New  York  City,     (38) 

25c. 

(11)  En(iiiieerin(i       (London),       W.       H. 

Wiley,    New   York   City,   25c.  (39) 

(12)  The      Engineer      (London),      Inter- 

national    News     Co.,     New     York     (40) 
City,   35c. 

(13)  Enqineering  Neivs,   New   York   City,    (41) 

i5c. 

(14)  Engineering      Record,      New      York     (42) 

City,   10c. 

(15)  Raihvay    Age     Gazette,     New     York     (43) 

City,  15c. 

(16)  Engineering     and    Mining    Journal,     (44) 

New  York  City,  15c. 

(17)  Electric      Railtfiay      Journal,      New 

York  City,   10c.  (45) 

(18)  Railway    and    Engineering    Review,    (45) 

Chicago,   111.,   15c. 

(19)  Scientific       American       Supplement,     (47) 

New  York  City,  10c. 

(20)  Iron  Age,  New  York  City,  20c.  ,43) 

(21)  Railway     Engineer,     London,     Eng- 

land, Is.  2d. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don,   England.  6d.  ^^^' 

(23)  Railway    Gazette,   London,   England, 

6d-.  ''°^> 

(24)  American    Gas    Li(/ht   Journal,   New 

York  City,  10c.  (51) 

(25)  Railway    Age     Gazette,     Mechanical 

Edition,  New  York  City,  20c.  (52) 

(26)  Electrical     Review,     London,      Eng- 

land,  4d.  (53) 

(27)  Electrical    World,    New    York    City, 

10c. 


Journal,      New       England       Water- 
Works  Assoc,   Boston,   Mass.,   $1. 
Journal,     Royal     Society     of     Arts, 

London,  England,  6d. 
Annalcs     des     Travaux    Publics     de 
Belgique,  Brussels,   Belgium,  4  fr. 
Annales   de   I'Assoc.   des    Ing.    Sortis 
des     Ecoles     Speciales     de     Gand, 
Brussels,  Belgium,  4  fr. 
Memoires     et     Compte     Rendu     des 
Travaux,      Soc.       Ing.      Civ.       de 
France,    Paris,    France. 
Le  Genie  Civil,  Paris,   France,  1  fr. 
Portefcuille    Econoniiques    des    Ma- 
chines, Paris,  France. 
Nouvelles   A  finales    de    la    Construc- 
tion, Paris,  France. 
Cornell  Civil  Engineer,  Ithaca,  N.  Y. 
Revue  de  Mecanique,  Paris,  France. 
Revue     Generale     des     Chemins     de 
Fer     et     des     Tramways,     Paris, 
France. 
Technisches    Gemeindeblatt,    Berlin, 

Germany,  0,   70m. 
Zentralblatt       der      Bauverwaltung , 

Berlin,   Germany,   60   pfg. 
Elektrotechnische    Zeitschrift,    Ber- 
lin,  Germany. 
Proceedinas,  Am.  Inst.  Elec.  Engrs., 

New  York  City,   $1. 
Annales    des    Fonts    et    Chaussees, 

Paris,    France.    • 
Journal,    Military     Service     Institu- 
tion. Governors  Island,  New  York 
Harbor,    50c. 
Colliery  Engineer,  Scranton,  Pa.,  25c. 
ScientifiG  American,  New  York  City, 
15c. 

Engineer,     Manchester, 
',d. 

Verein     Deutscher     In- 
Berlin,      Germany,      1, 


fiir     Bauwcsen,    Berlin, 


Mechanical 
England, 

Zeitschrift, 
genieure, 
60m. 

Zeitschrift 
Germany. 

Stahl  tmd  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Riga'sche  Industrie-Zeitung,  Riga, 
Russia.   25  kop. 

Zeitschrift,  Oesterreichischer  In- 
genieur-und  Architekten-Vereines, 
Vienna,    Austria,    70h. 


Xov.-ihIkt,  I'll.!.]      CURRENT   ENGINEERING    LITHHATURE 


745 


(54) 
(55) 
(56) 
I  57) 
(58) 

(59) 
(60) 

(61) 

(62) 

(63) 

(64) 
(65) 

(66) 
(67) 
(68) 

(69) 

(71) 

(7Ia) 

(72) 

(73) 
(74) 

(75) 

(76) 
(77) 

(78) 

(79) 
(80) 

(81) 


Railway 
Chicago, 


St. 


Trail  unctions.  Am.  Soc.  C.  E.,  New 
York   City,   $12. 

Transactions,  Am.  Soc.  M.  E.,  New 
York  City.  $10. 

Transactions.  Am.  Inst.  Min. 
Engrs.,   New  York  City,   $6. 

Colliery  Guardian,  London,  Eng- 
land,   5d. 

Procecdinos.  Engrs."  Soc.  W.  Pa., 
2511  Oliver  Bldg.,  Pittsburgh, 
Pa.,    50c. 

Prorrcdinas,  American  Water- 
Works  Assoc,  Troy,  N.  Y. 

Municipal  Engineering,  Indian- 
apolis, Ind.,  25c. 

Procecdinos.         Western 
Club.   225   Dearborn   St. 
111.,   25c. 

Industrial     World,     59     Ninth 
Pittsburgh,    Pa..    10c. 

Minutes  of  Proceedings,  Inst.  C.  E., 
London,    England. 

Poucr.   New   York   City,   5c. 

Official  Proceedings.  New  Y'ork 
Railroad  Club,  Brooklyn,  N.  Y., 
15c. 

Journal  of  Gas  Lighting,  London, 
England,   6d. 

Cement  and  Engineering  Neivs, 
Chicago,    111..    25c. 

Mining  Journal,  London,  England, 
6d. 

Der  Eisenhau,  Leipzig,   Germany. 

Journal.   Iron   and   Steel   Inst.,   Lon- 
don,  England. 
Carnegie       Scholarship       Memoirs. 
Iron     and     Steel     Inst.,     London, 
England. 

American      Machinist,      New 
Citj',   15c. 

Electrician,    London,    England, 

Transactio7is,     Inst,     of     Min. 
Metal.,    London,    England. 

Proceedings.  Inst,  of  Mech.  Engrs., 
London.    England. 

Brick.   Chicago,    111.,    10c. 

Journal.  Inst.  Elec.  Engrs.,  Lon- 
don,   England,    5s. 

Beton  und  Eisen,  Vienna,  Austria, 
1,   50m. 

Forscherarbeiten,   Vienna,   Austria. 

Tonindustrie  Zeitung,  Berlin.  Ger- 
many. 

Zcitschrift  fiir  Architektur  -und  In- 
ge nicnricesen,  Wiesbaden,  Ger- 
many. 


Y'ork 


ISc. 
and 


(82)  Mining      and     Enqinecrino      World. 

Chicago,    111..    lOe. 

(83)  Gas  Age.  New  York  City.  15c. 

(84)  Lc    Ciment,    Paris,    France. 

(85)  Proccedinqs,    Am.    Ry.    Bng.    Assoc, 

Chicago,    111. 

(86)  Enainecring-Contractina,       Chicago. 

111..  lOc 

(87)  Railway    Engineering    and    Mainte- 

nance of   Way.   Chicago.   111..   10c. 
(8S)    Bulletin    of    the     International    Ry. 
Congress     Assoc,     Brussels,     Bel- 
gium. 

(89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,   Philadelphia,   Pa.,   $5. 

(90)  Transaetio7is,        Inst.        of        Naval 

Archts.,   London,   England. 

(91)  Transactions,     Soc      Naval     Archts. 

and    Marine    Engrs.,     New     York 
City. 

(92)  Bulletin,        Soc        d'Encouragement 

pour  rindustrie  Nationale,   Paris, 
France. 

(93)  Revue        de        Metallurgie,        Paris, 

France.    4    fr.    50. 

(94)  The   Boiler  Maker,   New  York   City, 

10c. 

(95)  International     Marine    Engineering, 

New    York    City.    20c 

(96)  Canadian    Engineer,    Toronto.    Ont., 

Canada.    10c. 

(98)  Journal.    Engrs.    Soc    Pa.,    Harris- 

burg,    Pa.,   30c. 

(99)  Proceedings,  Am.    Soc.  of  Municipal 

Improvements,     New    York    City, 
$2. 

(100)  Professional     Memoirs,     Corps     of 

Engrs..     U.     S.     A.,     Washington, 
D.    C,   50c 

(101)  Metal  Worker,  New  Y'ork  City,  10c 

(102)  Organ     fiir     die     Fortschritte     dcs 

Eisenhahnwesens,  Wiesbaden, 

Germany. 

(103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,    10c. 

(104)  The    Surveyor   and    Municipal    and 

County    Engineer,    London,    Eng- 
land. 6d. 

(105)  Metallurgical     and     Chemical    En- 

gineering. New  York  City,  25c. 

( 106)  Transactions,  Inst,  of  Min.  Engrs., 

Ijondon,  England,   6s. 

(107)  Schwcizerische   Bauzcitung,   Zurich. 

Switzerland. 
(XQS)  Southern    Machinery,    Atlanta.    Ga., 
10c. 


R. 


LIST  OF  ARTICLES 
BrIdKes. 

Specifications    for    Metal    Railroad    Bridges    Movable    in    a    Vertical    Plane.*      B 

Leffl<»r.   M.   Am.   Soc.   C.    E.     (54)      Vol.   76. 
Kinetic   Eifrcts  of  Crowds.*    C.  J.  Tilden.   Assoc.   M.  Am.   Soc.  C.  E.      (54)      Vol.   76 
Maxinnini    Stresses    in    Bascule    Trusses.*     W.    Watters    Pagon,    Assoc.    M.    Am.    Soc 

C.   E.    (54)    Vol.   76. 
Notes   on    Bridgework.*     S.   Vilar  y   Boy.   Assoc.   M.   Am.   Soc.   C.    E.     (54)      Vol.    76 
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Kaministiquia    River   Uridge.    Fort   William.*     (96)    Oct.   2. 

Double  Deck   Uascule   liridgo.*     (IS)    Oct.  3. 

Bridges  of  the  Connecticut  Company.*     (17)    Oct.   4. 

The      Broadway     Uridge,     over     Willamette      River,      Portland,      Ore.,      with      Rail 

Bascule   Span.*     W.    P.    Hardesty.     (13)    Oct.   9. 
Bridges    and    Culverts    for    Country    Roads.     A.    R.    Hirst.      (Paper    read    before    the 

Am.  Uoad  Congress.)     (13)    Oct.  9  :     (14)     Oct.  4  ;     (96)    Oct.  9  ;     (86)    Oct.  15. 
Designing  Concrete   Spans  for  a  Railroad   Bridge.      (14)    Oct.   11. 
Artistic   .Masks   for   Ugly    Bridges.*     (14)      Oct.    11. 
Direct-Lift    Bridges.*      (14)      Oct.    11. 
New  Bulak   Bridge  at  Cairo.*       (12)      Oct.   17. 
Renewing  Two  Double  Track  Swing  Spans.      (15)      Oct.  17. 

Some  Points  Relative  to  the  Design  and  Shipment  of  Plate  Girders.*      (86)      Oct.  22. 
A    Description   of   the   Principal    Bridge    Dams   in    the    United    States   and    in   Foreign 

Countries.     H.   G.   Tyrrell.      (86)      Oct.   22. 
Specifications   for   Concrete   Masonry    in    Highway    Bridges.      (96)      Oct.    23. 
The  Design   of   Concrete   Abutments   without   Wing   Walls   for    Deck  Girders.*     C.    M. 

Luther.      (13)      Oct.   23. 
Equivalent  Uniform  Loads  on  Bridges  for  Different  Types  of  Engine.*     (13)     Oct.  23. 
A'ew  Bridge  over  the  Rhine  at  Cologne.*    Charles  J.   Kavanagh.      (13)      Oct.   30. 
New  .Mississippi  River  Bridge  at   .Memphis.*      (IS)      Oct.  31. 
Building  a   Ponton   Bridge  in  Swift   Water.    T.   H.   Dillon.      ( 100)      Nov. 
Deflection  of   Unstiffened  Suspension   Bridges.*     G.   B.   Pillsbury,   Assoc.   M.   Am.   Soc. 

C.   E.    (100)       -Nov. 
Lie  Pont  de  Schwarzenberg   de  I'Exposition  de  Leipzig.*      (84)      Sept. 
Interessante,    neuartige    Briickenbauten    in    Eisenbetou.*     Friedlaender.      (51)     Serial 

beginning   Sup.   Xo.    19. 
Die    neue    Brvickenbauwerkstatt    fiir    die    Quebec-Brticke.*      Miillenhoft.      (69)      Sept. 
ZxiT  Theorie  der  Drucklinien-Gowblbe.*    Apdd  Gut.      (53)      Sept.   25. 
Zwei    Eisenbahnbriicken    aus    Eisenbeton.*     Robert    Berman.      (78)      Serial    beginning 

Oct.  2. 

Electrical. 

An  Electrical  Measuring  Machine.*    P.  E.  Shaw.     (75)      Mar. 

On   the  Goldschmidt   Alternator.*     Thomas    R.   Lyle.     (Paper  read   before  the   British 

Assoc.)       (73)      Sept.    26. 
Further    Research    of    the    Electric    Arc    as    a    Standard    of    Light.*       J.    P.    Forrest. 

(Paper   read    before   the   British   Assoc.)       (73)      Sept.    26. 
Central   Station   Co-Operation   in   the  Electric   Vehicle   Industry.     Douglas   Sutherland 

Martin.      (9)      Oct. 
The    Use   of   the    Synchronous    Commutator    in    Alternating    Current    Measurements.* 

Frederick   Bedell.      (3)      Oct. 
Notes  on  Oil   Circuit  Breakers  for  Large  Powers  and  High  Potentials.*     K.   C.   Ran- 
dall.     (42)      Oct. 
Tungsten    Lamps    of    High    Efficiency.*     Irving    Langmuir    and    J.    A.    Orange.      (42) 

Oct. 
Relation  of  Plant  Size  to  Power  Cost.*     P.   M.  Lincoln.      (42)      Oct. 
Industrial   Substations.*     H.    P.   Liversidge.       (42)      Oct. 
The    Cost   of    .Municipal    Electric    Lighting    at    Chicago.      Ray    Palmer.      (Abstract    of 

paper  read   before  the  City   Club  of   Chicago.)       (13)      Oct.   2. 
Waterwheel  Generators.*       (90)      Oct.   2. 
Some    Experiments    on    Contacts    Between    Bad    Conductors.     W.    H.    Eccles.      (Paper 

read  before  the  British  Assoc.)       (73)      Oct.  3. 
The   Electric  Truck:     English   Experiments   and  American   Practice.*      (26)      Oct.   3. 
New  Electric  Carrier   for  Mail  or  Package  Freight.*      (14)      Oct    4;      (13)      Oct.  2; 

(15)      Oct.   3;     (46)      Oct.   4. 
Power  Generation  and  Transmission.*     (17)      Oct.  4. 
Notes    on    the    Present    Status    of    Electric    Furnaces.     Wilfred    Sykes.      (Paper    read 

before  the  Assoc,  of  Iron  and  Steel  Elec.  Engrs.)       (62)      Oct.  6;     (20)      Oct.  16. 
Arc    Lamps    as    Related    to    Shop    Lighting.*      Clarence    E.    Clewell.      (72)      Serial 

beginning   Oct.    9. 
Experiments  on  Corona  Losses  in  Transmission  Lines.*    Weidig  and  Jaensch.     (From 

Elcktroterhnischc    Zeitschrift.)       (73)      Oct.    10. 
Sine- Wave    Transmission     in    the    Submarine    Telegraph    Cable.*      H.    W.    Malcolm. 

(73)      Serial   beginning  Oct.    10. 
Considerations    in    the    Design    of    Head-Lamp    Light    Sources.*     A.    R.    Dennington. 

(271      Oct.   11. 
Measuring  Currents   in  Underground   Structures.    Carl    Hering.      (17)      Oct.   11. 
Water    Wheel    Generators    for    the    Newer    Hydro-Electric    Practice.*      (62)      Oct    13. 
The  Induction   Motor.*     F.  A.   Annett.      (64)      Serial  beginning  Oct.   14. 
Report  of  the  Committee  on   Power  Generation.     (Abstract  of  paper   read  before  the 

Am.    Elec.    Ry.    Eng.    Assoc.)       (17)      Oct.    16. 

•Illustrated. 
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Electrical— I  Continued). 

Report  of   the   Committee   on   Electrolysis.     (Abstract  of  paper   read   before  the  Am. 

Elec.    Uy.    Eng.   Assoc.)       (17)      Oct.   16. 
25  000  Kilowatt  Par.sons  Turbo-Alternator.*     (11)      Oct.  17. 
The  1912  Extension  to  Fisk  Street  Station.     (Very  Large  Turbo-Generators.)*      (27) 

Oct.   18. 
Carbon  and  Impregnated  Electrodes  for  Arc  Lamps.*    A.  T.  Baldwin.      (27)    Oct.  18. 
A  Canadian  Electric  Steel  Furnace.*    T.   R.  London.      (96)      Oct.   23. 
Production  of  Poles  and  Cross-Ties,   1912,  in  Canada.      (96)      Oct.   23. 
Wireless   Telegraph   Transmission   Towers.*     James    Stedman.      (20)      Oct.    23. 
Some    Notes    on    Graphic    Instruments    (for    Measurement    of    Electricity).*     Kenelm 

Edgcumbe.     (Paper  read  before  the  Arc  Works  Eng.  Soc.)       (26)      Oct.   24. 
The  Electric  Equipment  of  the  New  Building  of  the  Institution  of  Civil   Engineers.* 

(73)      Oct.    24. 
The  Waterside  Turbine  Station  at  Louisville,  Ky.*      (27)      Serial  beginning  Oct.   25. 
Application  of  Electric  Drive  in  Greenhouses.*      (27)      Oct.   25. 
The  Brush   Discharge.*     A.   Vosmaer.      (105)      Nov. 
How  Inventors  Use  Ultra-Violet  Rays.*     (46)      Nov.  1. 
Hydroelectric   Station  on  the  Auglaize   River.*      (27)      Nov.   1. 
Nouveaux    Dispositifs    de    Protection    et    de    Renforcement    des    Poteaux    de    Lignes 

Electriques   Aeriennes.*     P.    Lecler.      (32)      Sept. 
Der   Elektromaschinenbau   auf   der   Weltausstellung   zu   Gent.*     Ernst    Schulz.      (41) 

Sept.  25. 
Der  neue  Schnelltelegraph   der  Siemens   &  Halske  A.-G.*     A.   Franke.      (41)      Serial 

beginning   Sept.    25. 
Die    Kraftiiberfiihrungsprojekte    Trollhattan-Kopenhagen    (Costs).      R.    Jobs.    Jensen. 

(41)      Sept.    25. 
Turbodynamo   fiir   20  000   Kva.*     Friedr.   Heinicke.      (41)      Oct.    2. 
Das    Kaiserliche    Telegraphen-Versuchsamt.*     K.    Strecker.      (41)      Serial    beginning 

Oct.    9. 

Marine. 

The   Calculation  of   Stability    in   Non-Intact   Conditions.*      W.    S.    Abell.      (90)      Vol. 

55,    Pt.    1. 
Recent  Developments  in  Battleship  Type.*      Alan  H.   Burgoyne.     (90)     Vol.  55,  Pt.   1. 
The  Influence  of  Air  Pumps  on  the  Military  Efficiency  of  Turbine-Driven  Warships.* 

D.    B.    Morison.    (90)       Vol.    55,    Pt.    1. 
Mechanical  Gearing  for  the  Propulsion  of  Ships.*      Charles  A.  Parsons.      (90)      Vol. 

55,    Pt.    1. 
Compressed  Air  for  Working  Auxiliaries  in   Ships   Propelled  by  Internal  Combustion 

Engines.*    W.    Reavell.      (90)      Vol.    55,    Pt.    1. 
On   Large  Deck-Houses.*      J.   Foster  King.      (90)      Vol.    55,    Pt.   1. 
Methodical  Experiments  with  Mercantile  Ship  Forms.*     G.  S.   Baker.     Vol.  55.  Pt.   1. 
Launching    Declivities    for    Ships    and    Their    Influence    Upon    Poppet    and    Way-End 

Pressures.*      A.    Hiley.       (90)      Vol.    55.    Pt.    1. 
Stresses  in  Stayed  Cylindrical   Shells.*      C.   E.   Stromeyer.      (90)      Vol.   55,   Pt.   1. 
Propeller   Experiments.*    Ole     G.    Halvorsen.    (12)      Sept.    26. 
Big  Naval  Guns.      (12)      Sept.  26. 

Steel   Screw   Ferry-Boat  Edward   T.  Jeffrey*      J.    B.   Shipley.      (95)      Oct. 
Trial   Runs  of  the   Pacific   Liner   Congress.      (95)      Oct. 
New    Pacific    Liner    Built   at   Newport   News.*       (95)       Oct. 
Design   of   Propellers   for   Geared    Turbines.*      Peter   Doig.       (95)      Oct. 
New    Shipbuilding    Berth    and    250-Ton    Wharf    Crane    at    the    Blohm    &    Voss    Ship- 
yard.*      (95)      Oct. 
Reinforced-Concrete   Boat  Ways,   Rockhaven   Harbor,   N.   D.*      (13)      Oct.   2. 
The  Cargo  Ship  France.*      (11)      Oct.   10. 
The    Electrically-Operated    Ship    Tynemount.*      (73)    Oct.    17;     (26)    Oct.    24;     (12) 

Oct.  10. 
The   Royal    Holland   Lloyd   Steamship    Gclria.*    (12)      Oct.    24. 

Turbine  Reduction  Gear  in  Relation  to  Battleship  Fighting  Power.*      (46)      Oct.  25. 
Western    River   Steamers.   Engines   and   Boilers.*      E.   A.    Burnside.      (95)      Nov. 
Modern  German   Stern-Wheel   Steamers.*      E.  Van  der  Werf.      (95)      Nov. 
Shallow-Draft    Producer    Gas   Motor    Barges.*      (95)      Nov. 
Armored    River  Monitors   for  Brazil.*      F.    C.   Coleman.      (95)      Nov. 
American    Steamers   on   the   Magdalena    River.*      (95)      Nov. 
Stern    Recess    Wheel    Steamer   Osceola.*    (95)      Nov. 
Development    of   Producer   Gas   Motor    Boats.*       (95)       Nov. 
Ueber   die   Verwendung   von   Schleppkatzen   und    Spillen   beim   Verholen   der   Si'hiffe.* 

Moller.       (40)      Oct.    11. 

Mechanical. 

Berktou   Works  of  the   Gas  Light   and   Coke   Company.      (106)      Vol.   45.    Pt.    1. 
Notes   on    Modern   Airship    Construction.*     A.    Roenne.      (90)      Vol.    55,    Pt.    1. 

•Illustrated. 
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Mechanical— (Continued). 

The  Longitudinal  Stability  of  Skimmers  and  Hydro-Aeroplanes.*    J.  E.  Steele.      (90) 

Vol.  55.  Pt.  1. 
The   Energy   Systems   Accompanying  the   Motion   of   Bodies  Through   Air  and   Water. 

J.    n.    Henderson.      (90)      Vol.    55.    Pt.    1. 
r.elt   Coal   Conveyor  at   Middlesbrough.*      (12)      Sept.    26. 
Diesel   Engine  Cylinder   Dimensions.*      (II)      Sept.   26. 
Steel   Additions   in   the   Iron    Foundry   Cupola.*      (22)      Sept.    26. 

Some  Aspects   of   Heat   Flow.*     E.    F.    Northrup.     (Paper   read   before   the  Am.   Elec- 
trochemical Soc.)       (105)      Oct. 
Flow  of   Heat   Through  Furnace  Walls,   the   Shape  Factor.     Irving   Langmuir,    E.    Q. 

Adams   and   G.    S.    Meikle.     (Paper    read   before   the   Am.    Electrochemical    Soc.) 

(105)      Oct. 
Securing    Efficient    Results    in    the    Manufacture   of    Boilers.*     Delbert    E.    Merrifield. 

(94)      Oct. 
Raker   Ice   Machine  Company's  Machine  Shop,   Omaha.   Neb.*      (108)      Oct. 
Elevators:     Their    Uses    and    Abuses.     B.    C.    Van    Emon.      (Paper    read    before    the 

Technical   Soc.   of  the   Pacific  Coast.)       (1)      Oct. 
The   Manufacture   and   I'ses  of   Portland   Cement.     L.    M.   Bailey.     (Paper   read   before 

the   Utah  Soc.   of  Engrs.)       (1)      Oct. 
Electric   Cable   Drills  in   a  Cement   Quarry.    F.    L.   Jorgensen.      (67)      Oct. 
An    Economical    Plant   for   Sand   and   Gravel.*     Robert   M.   Hale.      (67)      Oct. 
Atlas   Concrete   Pipe   Machine.*      (67)      Oct. 
Steam   Curing  Concrete   Products.      (67)      Oct. 
Electric  Drive  in  Machine  Shops.     Charles  Fair.      (42)      Oct. 
Crushing    Plant    of    the    Rhyolite    Crushed    Rock    Company.*      (67)      Oct. 
Care  of  Motor  Driven  Fire  Apparatus.*     J.  M.  Taylor.      (60)      Oct. 
Accurate   Records  of  Street   Main   and   Service  Work.*     Daniel   L.   Hill.     (Paper  read 

before  the  Canadian  Gas  Assoc.)       (83)      Oct.  1. 
Designing   Various  Tvpes  of  Reamers.*     L.   L.   Haas.      (72)      Oct.   2. 
An   Energy  Chart  for  Gas.*    T.   B.   Morley.      (11)      Oct.  3. 
Burgess   Aeroplanes   for   the   United    States   Government.*      (11)      Oct.    3. 
Explosion    of    a    Diesel    Engine   Receiver    at    Bray.*      G.    S.    Taylor.      (Report    to   the 

Home   Office.)       (47)      Serial    beginning   Oct.    3. 
Gas    Plant    at    the   Accrington    Electricity    Works.*      (12)      Oct.    3. 
100    Horse-Power    Avro    Seaplane.*       (12)      Oct.    3. 
Contributions  to  the  Technology  of  the  Paper  Industry.*      Clayton  Beadle  and  Henry 

P.   Stevens.      (19)      Oct.    4. 
How  Trees  are  Converted  into  Paper.*     Thomas  J.  Keenan.      (46)      Oct.  4. 
Public   Service  Rate  Making.     Alex.   C.   Humphreys.      (Paper   read   before  the   Pacific 

Coast    Gas    Assoc.)       (24)      Oct.    6. 
The   Ventnri    Steam   Meter.*      Charles   G.   Richardson.      (64)      Oct.   7. 
Cooling  Towers   for   the   Power   Plant.*      Everard   Brown.      (64)      Oct.    7. 
The  Dempster-ToogooJ   Svstem  of  Continuous  Vertical   Retort  Carbonization.*      (66) 

Oct.  7. 
Low    Temperature    Carbonization    in    Vacuo,    in    its    Relation    to    the    Production    of 

Smokeless  Fuel,  Oils,  and  Motor  Spirit.*      F.   D.   Marshall.      (Paper  read   before 

the   Manchester    and    District    Junior   Gas   Assoc.)       (66)      Oct.    7. 
The    Underpinning    of    a    Retort-Bench.      F.    L.    MacLaren.      (Paper    read    before   the 

Scottish    .Junior   Gas   Assoc.)       (66)      Oct.    7. 
Thermal  Testing  Plant  at  the  Pennsylvania  State  College.      J.  A.  Moyer.      (Abstract 

of  paper  read   before  the   Inter.   Congress  of   Refrigeration.)       (13)      Oct.    9. 
The    Story   of    Some    Difficult    Steel    Castings,    the    Foundry,    Machining.    Testing    and 

Transportation   Problems  of  a  Shaft  Cover  for   New  York's  Catskill  Aqueduct.* 

E.   C.   Jensen.      (20)      Oct.   9. 
Casting   Parts   of   a   6  OOO-H.    P.    Gas   Engine.*     (20)      Oct.    9. 
A    Practical   Chart   for    De>termining   the   Horsepower   of   Spur   Gears.*      Frederic   W. 

James.      (  13)      Oct.  9. 
The    Dust-Precipitating    Plant    of    the    Riverside    Portland    Cement    Co.,    Crestmore. 

Cal.      (13)      Oct.   9. 
Empirical  Design  of  Gas  Engines.*      G.  W.  Lewis  and  A.  G.  Kessler.      (72)      Oct.  9> 
Development  and   Use  of  Chip  Briquettes.*      Hubert   Hermanns.      (72)      Oct   9. 
A   New  Strain-Gage  for   Live-Load   Stresses.*      (13)      Oct.    9. 
The  Ljungstrom   Radial-Flow  Steam  Turbine.*      (26)      Oct.   10. 
A    Contribution    to    the    History    of   the   Direct    Recovery    Process.*      Otto    Ohnesorge. 

(22)      Oct.    10. 
Extension    to    the    Coke-Oven    and    By-Product    Plant    at    Devonshire    Works.*      (22) 

Oct.    10. 
Pneumatic  Ash-Handling  Test.     (14)      Oct.   11. 
The    Biggest   Flying   Machine    in   the   World,    the   Remarkable    Biplane   of   Sikorsky.* 

(46)      Oct.  n. 
Mechanical    Baseball    Bulletin     Boards.*      (46)      Oct.     11. 
Waste  Heat   Boilers   in   Reverberatory   Furnace  Flues.*     S.   Severin   Sorensen.      (103) 

Oct.    n. 

♦Illustrated. 
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Mechanical     i  Continued). 

The  Gas   Industry  in   Its   Relation   to  Smoke  Abatement.      Vivian   B.    Lewes.      (Paper 

read   before  the  Conference  on    Coal    Smoke   Abatement.)       (66)      Oct.    14. 
.Votes  on   Gas   Manufaiture,   the   Koppers   Chamber   Ovens   at    Birmingham.*      W.   H. 

Johns.      (Paper    read   before   the   Midland    Junior   Gas    Assoc.)       (66)      Oct.    14. 
Standard    for   Flanges   and   Flanged   Fittings.*      (64)      Oct.    14. 
Carbonization    in    Bulk    for    Gas    Production.*     G.    Stanley    Cooper,    M.    Inst.    M.    E. 

(83)      Oct.   15. 
Construction    of    the    Midway    Gas    Line.*     W.    E.    Barrett.      (From    the    Journal    of 

Elcctriciti/.)       (83)       Oct.    15. 
California  Oil  Gas  Developments.*    L.   B.  Jones.      (83)      Oct.   15. 
The  Astoria  Tunnel   under  the  East  River,   New  York  City    (Consolidated  Gas  Co.).* 

Harold    Carpenter.      (13)      Oct.    16. 
Bucket    Elevators.     Reginald    Trautschold.      (96)      Oct.    16. 
The  Electric  Drive  for  Rolling  Mills.      Brent  Wiley.      (20)      Oct.  16. 
The    Steam    Friction    of   Turbine    Wheels.*     William    Kerr.      (Paper    read    before   the 

Scientific   Soc.   of  the   Glasgow   Royal   Technical    College.)       (47)      Serial    begin- 
ning  Oct.    17. 
Southwestern   Portland  Cement  Works.*     Charles  A.   Smith.      (16)      Oct.   18. 
Wet   Bucket   Elevator   Design.*     Arthur   O.    Gates.      (16)      Oct.    18. 
Coal-Handling  Plants  for  Panama.     (From  Canal  Record.)       (14)      Oct.   18. 
A   Producer  for  Gasifying  Gas  Coke.*      (24)      Oct.    20. 

I.entz    Engines   in    Baltimore   Ofllice   Building.*     Warren    O.    Rogers.      (64)      Oct.    21. 
I'onservation    of    Coal    and    Liquid    Fuel.       (A    Resume    of    Papers    read    before    the 

British  Assoc,  for  the  Advancement  of  Science.)       (64)      Oct.   21. 
Making  of   Gray   Iron   Motor   Car   Castings.*     H.    B.    Swan.     (Paper   read   before   the 

Am.   Foundrymen's  Assoc.)       (20)      Oct.   23. 
The   Essentials   of   Cam    Design.*     C.    W.    Sproull.      (72)      Serial   beginning    Oct.    23. 
American   Magnetic  Speedometer  W'ork.*      Ethan   Viall.      (72)      Oct.   23. 
Kinetic     Air-Ejector     for     the     Commonwealth     Edison     Company,     Chicago.*      (11) 

Oct.  24. 
The    Polar-Diesel    Engine.*      (12)      Oct.    24. 

Catastrophic    Instability   in   Aeroplanes.*     F.    W.   Lancaster.      (11)      Oct.    24. 
Thornycroft  Water-Tube  Boiler  for  Oil   Fuel.*      (11)      Oct.   24. 
A  Coal-Handling  Plant   at  Crewe.*      (57)      Oct.   24. 

By-Product   Coking   and   Benjol    Recovery.*     G.    S.    Cooper  and  Franz   Puning.     (Pa- 
pers read  before  the  Junior  Institution  of  Engrs.)       (22)      Oct.   24. 
Fuel    Possibilities    in    Steel    Making.     William    Whigham.      (Abstract    of    paper    read 

before  the  Am.  Iron  and  Steel  Inst.)       (62)      Oct.   27. 
Use   and   Development   of    Refractories    in   the   Iron    and   Steel    Industry.     Harry    W\ 

Croft.     (Abstract   of   paper   read    before   the   Am.    Iron    and    Steel    Inst.)      (62) 

Oct.  27. 
Progress    in    Gas    Engineering.      Walter    R.    Addicks.      (Paper    read    before    the    Am. 

Gas  Inst.)      (24)      Oct.  27;      (83)      Nov.   1. 
Air  in  Condensers.*    H.  Fothergill.      (64)      Oct.  28. 
Comparative    Installation    and    Operating    Costs    of    a    Combined    Ice-Manufacturing 

and  Coal-Storage  Plant.      R.   H.  Tait  and  L.  C.  Nordmeyer.      (Paper  read  before 

the  Third  Inter.  Congress  of  Refrigeration.)       (64)      Oct.   28. 
The  Manufacture   of  Armor   Plate.*     D.    K.    Bullens.      (20)      Oct.    30. 
A   Modern   Cement  and  Hydrated  Lime  Plant.*     Richard   K.    Meade.      (13)      Oct.   30. 
Progress    in    Steel    Mill    Roll    Design.*     Thomas    H.    Mathias.      (Paper    read    before 

the  Am.  Iron  and  Steel  Inst.)       (20)      Serial  beginning  Oct.  30. 
A    Forty-Foot    Boring   and   Turning   Mill.*     E.   A.    Snverkrop.      (24)      Oct.    30. 
Making  Engines  for  Caterpillar  Tractors.*     F.   A.   Stanley.      (24)      Oct.   30. 
Notes    on    the    Standard    Apparatus    and    Method    for    Measuring    the    Amount    and 

Character  of  Atmospheric  Pollutions.*    John   B.  C.   Kershaw.      (105)      Nov. 
The    Nieuport    Monoplane.*      John    Jay    Ido.      (19)       Nov.    1. 
Fabrique  de  Metaline  Falls  de  I'lnland  Portland  Cement  Co.*      (84)      Sept. 
Etude  Thforiques  et  Graphique  des  Pompes  Centrifuges.*    J.  Dejust.      (37)     Sept.  30. 
Notes    sur   la   Construction   des    Robinets.*      (37)      Sept.    30. 
Les  Aci^ries  et  Fonderies  de  Terni.*    J  Saconney.      (93)      Oct. 
Installations    Recentes    de    la    Compagnie    des    Mines    de    Bethune      (Pas-de-Calais).* 

H.   Schmerber.      (33)      Oct.   4. 
Les  Usines  Metallurgiques  de  Terai    (Italie).*    J.  Saconney.      (33)      Oct.   11. 
Die  neue   Senkrecht-Frasmaschine  von   J.   E.   Relnecker  A.-G.    in   Chemnitz-Gablenz.* 

F.    Nickel.      (48)      Sept.    6. 
Natiirlicher    oder    kiinstlicher    Zug    bei     Dampfanlagen.*       Friedrich     Barth.       (48) 

Sept.  13. 
Neues    Berliner   Ausschachtverfahren.*      (80)      Sept.    25. 
Anwendungsbeispeile      fiir      das      Riittelformverfahren.*        Bernhard      Keller.      (50) 

Sept.   25. 
Belastung  und  Verankerung  der  Gussformen.*      (50)      Sept.   25. 
Neuzeitliche  Kabelkrane   und   ihre  Anwendung  auf  das   Bauwesen.      M.   Buhle.      (51) 

Serial    beginning   Oct.    1. 

♦Illustrated. 
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Mechanical-^  (Continued) . 

Zur     Uerechnung     von     Schutzbriicken     fiir     Drahtseilschwebebahnen.      Sailer.       (40) 

Oct.    1. 
Seil-Sihwebebahn    nach   Kohlern   bei    Boztn.*     H.   Wettich.      (102)      Oct.    1. 
Der  Lokomotivsthuppen  irn  Verscliiebebahnhofe  Mannheim.*    F.  Zimniermann.      (102) 

Oct.   1. 
Liiutewerke  niit  Kohlensaureantrieb.*     C.  Becker.      (102)      Oct.  1. 
Gelostes  Azctylen  oder  Oelgas?      ( Wagen-Lampe. )  *      V.  Schindler.      (102)      Oct.  1. 
Ueber  die  Verwenduiig  von  Stahlkokillen.*      Fritz  Amende.      (50)      Oct.  2. 
Ueber  Abdanipf-uiid   Zweidrucklurbinen.*     K.    Roder.      (50)      Oct.    2. 
Statische  Berechnung  der  Eisenkonstruktionen  fiir  eine  Koksausdruckmaschinenbahn.* 

P.    Heclitenberg.       (78)      Oct.    2. 
Neuzeitliche  Monster-Kraft-Riemcntriebe  und  Seiltrieb-Umbauten.     A.   Stehlik.      (53) 

Serial   beginning   Oct.    3. 
Dampfziegelei  Heisterholz  F.  Schiitte.      (80)      Oct.   7. 
Zur    Frage    des    StickstotTs    im    Eisen.*      W.    Herwig.      (50)      Oct.    16. 
I'eber  Mondgas-Anlagen.*      H.  R.  Trenkler.      (50)      Oct.    16. 
Kritik  der  Warmekraftmaschinen.*      J.  Havlicek.      (53)      Oct.   17. 

Metallurgical. 

Developments    in    Lining    Blastfurnaces.*      C.    A.    Tupper.      (From    the    7roj!    Trade 

h'fvicic.)       (47)      Sept.   29. 
Desulphurizing  Silver  Ores  at  Cobalt.*        James  J.  Denny.      (103)      Sept.  27. 
Winona    Stamp-Mill.*      R.    B.    Seeber.      (Abstract    of    paper    read    before    the    Lake 

Superior   Min.    Inst.)       (105)      Oct. 
Mill    Physiology.      Stephen    L.    Goodale.      (105)      Oct. 
Possible    Applications   of   the    Electric    Furnace   to    Western    Metallurgy.      Dorsey    A. 

Lyon    and    Robert    M.    Keeney.      (Paper    read    before    the    Am.    Electrochemical 

Soc.)       (105)      Oct. 
The    Art   of    Electric    Zinc    Smelting.      Woolsey    McA.    Johnson.      (Paper    read   before 

the    Am.    Electrochemical    Soc.)       (105)      Oct. 
The    Electric     Zinc    Furnace.      Peter    E.    Peterson.      (Paper     read     before    the    Am. 

Electrochemical  Soc.)      (105)    Oct. 
The    Xew   Blast   Furnace   at    Port   Colborne,    Ont.*      (20)      Oct.    2. 
The    Induction    Furnace    for    Crucible    Steel-Making.      John    Harden.      (22)     Oct.    3; 

(105)    Oct. 
The  Electric  Furnace  for  Heat  Treatment  of  Steel.*      Robert  Bain.      (62)      Oct.   6. 
Mill    Construction    and    Estimates   of   Costs.      A.    M.    Merton.      (82)    Serial    beginning 

Oct.   11. 
Electro-Magnetic   Ore   Concentration    by   the   Ullrich    Separators.*      (68)      Oct.    25. 
Requirements  of  Small   Cyanide  Mills.*      Algernon   Del   Mar.      (16)      Oct.    25. 
Latest   Blast   Furnace   at  Youngstown,   Ohio.*      (20>      Oct.    30. 
The  .Manufacture  of  Armor   Plate.*     D.   K.   Bullens.      (20)      Oct.   30. 
Condensation   of   Zinc   Gas   to   Liquid,    in   the   Presence   of   Inert   Gas.*      F.    L.    Clerc. 

(1051    Nov. 
Grinding  Ores  for  Cyanidation.      Herbert  A.  Megraw,      (16)   Serial  beginning  Nov.  1. 

MiliUry. 

Canon    de    Campagne    k    Grands    Champs    de    Tir    du    Colonel    Deport.*      D.    Duaner. 
{33)      Sept.   27. 

Mining. 

The   I'se   of  Cement  for   Excluding  Water   from    Oil   Sands    in    Drilling   Wells.      Paul 

M.   Paine,   Assoc.   M.  Am.   Soc.  C.   E.      (54)      Vol.   76. 
A  Suggested  Method  of  Preventing  Rock  Slides.*     George  S.  Rice.      (4)      Sept. 
Large  Colliery  Pumps.*      (22)      Sept.   26. 
Machine  Mining  in   the  South  Wales   Steam   Coals.      G.   D.    Budge  and   W.   E.   Jayne. 

(Paper    read    before   the   South    Wales    Inst,    of    Engrs.)       (57)      Sept.    26. 
The  Cadder  Pit  Disaster.      (Home  Office  Enquiry.)      (57)      Sept.  26;      (22)      Sept.  26. 
The    Nitrate    Fields    of    Chile.*      Walter    S.    Tower.      (From    tbe    Popular    Science 

Mnnthh/.)      (103)      Sept.  27. 
Gasoline  Mine  Locomotives.     Carl  Scholz.      (45)      Oct. 
Rope   Haulage  at   Vesta   No.    4   Mine.*      William   Z.    Price.      (45)      Oct. 
Compressed-Air  Mine  Haulage.*      William   Z.   Price.      (45)      Oct. 
Slope   Haulage   at   Sayreton,    Alabama.*      F.   G.   Morris.      (45)      Oct. 
Cost  of  Mining   as   Related   to   Output.*      R.   C.   Jones.      (45)      Oct. 
Safety   Gates   for   Shafts.*      (45)      Oct. 
Gaso.line    Motors     in    Coal     Mines.*      A.    .1.     King.      (Paper     read     before    the    West 

Virginia    Coal    Min.    Inst.)       (45)      Oct. 
\ato»in  So.  7,  a  California  All-Steel  Dredge.*     Lewis  H.  Eddy.      (16)      Oct.  4. 
The  Deep   Borings   in    East   Kent.*      Malcolm   Burr.      (57)      Oct.    10. 
The   Tayeh    Iron    Mine,    China.      Kimio    Nishizawa.      (29)      Oct.    10. 
Relining    No.    2    Hamilton    Shaft.*      S.    W.    Tarr.      (Abstract    of    paper    read    before 

the    Lake    Superior    Min.    Inst.)       (16)      Oct.    11. 

•Illustrated. 
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Mining     I  Continued  I. 

Bullcrofi    Main    Colliery.*      (22)      Oct.    17. 

KiHford    Colliery    Act-ident.*      (Report    of    the    Inspector    of    Mines,    Great    Britain.) 

(57)   Oct.  17  ;    (22)  Oct.  17. 
Availability    of   Motor   Trucks    for   Mines.      (16)      Oct.    18. 
Shaft  Timbering  in   Butte  Copper  Mines.*      Claude  T.  Rice.      (82)      Serial   beginning 

Oct.    IS. 
Coal-Dust    Explosion    Test,    Bureau    of    Mines.*       Geo.    S.    Rice    and    L.    M.    Jones. 

(82)  Oct.    IS. 

Explosion  at  Auckland  Park  Colliery.*  R.  A.  S.  Redmayne  and  A.  D.  Nicholson. 
(57)    Oct.   24  :    (22)    Oct.   24. 

Winding  Appliances,  Winding  Ropes  and  Capels :  Past  and  Present.*  A.  S.  Brat- 
ley.      (I'apcr  read  before  the  National  Assoc,  of  Colliery  Mgrs.)      (22)      Oct.  24. 

Blast-Hole  Drilling  in  Open  Pit  Copper  Mining.*  (From  Colorado  School  of  Mines 
Magazine.)      (103)      Oct.   25;    (82)    Oct.   25. 

A   30-Ton   Electric   Mining   Locomotive.*      (13)      Oct.    30. 

Visite  de  la  Societe  des  Ingenieurs  Civils  de  France  aux  Mines  de  Bethune  (2  juin, 
1913).*      (32)      Aug. 

Die  Eisenbetonarbeiten  beim  Neubau  der  Steinkohlenseparation  fiir  den  Nik- 
olausschacht  der  Graf-Franz  Grube  in  Ruda  O.-S.*  Egil  Magelssen,  (78) 
Oct.    2. 

Miscellaneous. 

Engineering    Achievenirnts    and    Activities    of    New    York    City.*      Alfred    D.    Flinn, 

M.    Am.    Soc.    C.    E.     (54)      Vol.    70. 
Bibliography   on   Valuation   of   Public   Utilities.    The   Library   Force,   Am.    Soc.    C.    E. 

(54)      Vol.   76. 
Some  Tendencies  and  Problems  of  the  Present  Day  and  the  Relation  of  the  Engineer 

Thereto.    George  Fillmore  Swain,    President,   Am.   Soc.   C.    E.      (54)      Vol.   76. 
The    Status    of    the    Lighting    Art.      Preston    S.     Millar.      (Paper    read    before    the 

Illuminating   Eng.    Soc.)       (24)      Oct.    13. 
Progress    in    Illumination.      (Report    of    Committee    of    the    Illuminating    Eng.    Soc.) 

(83)  Nov.   1. 

Ueber  graphische  Integration  von  totalen  Differentialgleichungen.*  Ernst  Meissner. 
(107)      Serial    beginning    Oct.    11. 

Municipal. 

Street    Sprinkling    in    St.    Paul,    Minn.*     C.    L.    Annan,    M.    Am.    Soc.    C.    E.      (54) 

Vol.   7G. 
A    Suggested   Improvement   in    Building  Water-Bound   Macadam   Roads.    J.    L.    Meem, 

Assoc.   M.   Am.   Soc.   C.   E.    (54)      Vol.    76. 
Cities   Beautiful   by   the   Sea.      .lohn    S.    Brodie,    M.    Inst.    C.    E.      (Paper   read   before 

the  Institution  of  Mun.  and  County   Engrs.)       (104)      Serial  beginning  Sept.  26. 
Creosoted   Wood   Block  Pavement   in   Longview,   Texas.      P.   E.   Green,  Assoc.   M.   Am. 

Soc.   C.   E.    (60)      Oct. 
Municipal  Asphalt  Plant  of  St.  Louis,  Mo.*      (60)      Oct. 
California    Highway    Improvements.    Roy    M.    Horton.      (60)      Oct. 
A  Report  on  the  Use  of  Concrete  as  a  Paving  Material.     P.  E.  Green.     (86)      Oct.  1. 
Au.stralasian   Road   Problems.    J.   M.   Coane,    M.   Am.   Soc.   C.   E.     (Paper  read  before 

the  Inter.   Road  Congress.)       (104)      Oct.  3. 
Municipal    Progress    in    Tiverton.*     J.    Siddalls.      (104)      Oct.    3. 
Selection    of    Materials    for    Macadam    Roads.      Logan    W'aller    Page.      (Abstract    of 

paper  read  before  the  Am.  Road  Congress.)       (14)      Oct.  4. 
Typical  California  Concrete  Road  near  Roseville.*     (14)      Oct.  4. 
The   Truth    about    Wayne    Co.    Roads.*      Paul    E.    Green,    M.    Am.    Soc.    C.    E.       (76) 

Oct.   7. 
Construction    in    France   of   Macadamized    Roads    Bound    with    Tarry,    Bituminous    or 

Asphaltic   Material.s.      Wender,    Le  Gavrian,   Mayer  and   Frontard.      (Paper   read 

before  the  Third  Inter.  Road  Congress.)      (86)      Oct.  8. 
Highway   Accounting   with    Special    Reference  to   Maintenance.      Halbert   P.    Gillette. 

(Paper    read    before    the    Am.    Road    Congress.)       (86)      Oct.    8. 
The  Concrete  Roads  of  Wayne  County,  Mich.     Frank  F.  Rogers.      (Paper  read  before 

the  Am.    Road   Congress.)       (13)      Oct.   9. 
Treatment    of    Worn    Out    and    Raveled    Macadam    Road    Surfaces.     E.    A.    Stevens. 

(Paper  read  before  the  Am.   Road  Congress.)       (13)      Oct.   9;     (96)     Oct.  9. 
Highways.*    Charles  Hamlet  Cooper.    (Paper  read  before  the  Soc.  of  Engrs.)      (104) 

Oct.   10. 
California's    $18  000  000    State    Highway    System.       Austin    B.    Fletcher.      (Abstract 

of    paper     read   before   the   Am.    Road    Congress.)       (14)      Oct.   '14. 
Bituminous    Construction.       S.     D.     Foster.       (Abstract    of    paper    read    before    the 

Am.    Road   Congress.)       (14)      Oct.    14. 
Essential    Features    in    Good    Brick    Road    Construction.     Jas.    M.    McCleary.      (Paper 

read   before  the  Am.  Highway  Assoc.)      (96)      Oct.   16. 

'Illustrated. 
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Municipal— (Continued). 

The   Brick   Roads  of  Cuyahoga  Co.,   Ohio.    James  M.   McCleary.     (Paper   read  before 

the   Am.    Road  Congross. )       (13)      Oct.    16. 
Traffic    Census    in    Massachusetts.       (96)       Oct.    16. 
Road-Roller    Test    of    4-Inch    Concrete    Highway    Slab.      (From    CaMornia    Highway 

Hulhlin.)       (14)       Oct.    18. 
Brick   Pavements   in   Baltimore.     R.   Keith   Compton.     (Abstract  of  paper  read  before 

the  Third   Am.    Road   Congress.)       (14)      Oct.    18. 
Service    Records    of    Concrete    Pavement    with    Critical    Suggestions    for    Obtaining 

Improved  Service.*    F.  F.   Rogers,     (Paper  read  before  the  Am.  Road  Congress.) 

(86)      Oct.   22. 
Rules   Governing    the   Use   of    Heavy    Vehicles    on    Highways.      (New    York    Highway 

Comm.)       (14)      Oct.    25. 
Tests    of    Concrete    and    Brick    Pavements,    Details    of    the    Types    Tested    with    the 

"Deteruiinator"    at   the   American    Road    Congress    in    Detroit,    and    a    Statement 

of  the  Obvious   Results.*     (14)      Oct.    25. 
Economies    of    Highway    Location  ;    F'ormulas    and    Methods    Employed    in    Locating 

Roads.*       Emil     Masik.       (Abstract     of     paper     read     before     the     Inter.     Road 

Congress.)       (96)      Oct.    29. 
Observations    on    European    Paving    Methods    and    Materials.      E.    H.    Thomes.       (Ab- 
stract of   Report  made  to  the  City  of  New   York.)       (86)      Oct.   29. 
The    Industrial   City   of  Torrance,   California.*     Ralph    Bennett.      (13)      Oct.    30. 
Die   neue  Ortsbausatzung  fiir   Stuttgart.     Ehlgotz.      (39)      Sept.   20. 
Die  Samnauer-Strasse.*     J.   Solca.     (107)      Oct.   18. 

Railroads. 

The    Si.\th   Avenue   Subwav   of   the   Hudson    and    Manhattan   Railroad.*      H.    G.    Bur- 

rowes,   M.  Am.   Soc.  C.   E.      (54)      Vol.   76. 
The  Elevatior.  of  the  Tracks  of  the  Philadelphia,  Germantown  and  Norrlstown   Rail- 
road,   Philadelphia,    Pa.*      Samuel    Tobias    Wagner,    M.    Am.    Soc.    C.    E.      (54) 

Vol  76. 
Some    Effects    of    Superheating    and    Feed-Water    Heating    on    Locomotive    Working.* 

F.   H.  Trevithick  and  P.   J.   Cowan.      (75)      Mar. 
Vanadium   Steel    and    Its   Application    in    Locomotive    Construction.*     Geo.    L.    Norris. 

(61)      Sept.   16. 
Recent  French  Locomotive  Performances.      J.  T.  Burton-Alexander.      (12)      Sept.  26. 
Notes    on    the    Locomotives    for    the    Mittenwald    Railway.      Egon    Seefehlner    and    F. 

Popp.      (Abstract   from    Elektrotcrhnik    und   Maschuienhau.)       (73)      Sept.    26. 
The    Storage    Battery    Locomotive.*      Arvid    R.    Anderson.      (45)      Oct. 
Field    Test    of    the    Electric    Locomotive.      Leonard    V.    Newton.      (45)      Oct. 
New  Locomotives  for  the  Santa  Fe.*      (25)      Oct. 

Location  of  Steam  Gages   in   Setting  Safety  Valves.      C.   T.   Rommel.      (25)      Oct. 
Frisco  Steel  Frame  Box  Cars.*      (25)    Oct.;    (15)    Oct  3. 

Express   Passenger   Engine,   No.   341,   Great   Southern   and   Western   Railway    of   Ire- 
land.*     (21)      Oct. 
Modern    Developments    in   Railway   Signalling.      (21)      Serial   beginning   Oct. 
The    Problem    of    the   Automatic    Coupling    of   Wagons   on    European    Railways.*      A. 

Campiglio.    (88)      Oct. 
The   Completion    of   the   Nationalization   of   the   Main    Railroads    in    Switzerland    and 

Ten    Years    of    Operation    by    the    State.      Placid    Weissenbach.       (From    Archiv 

fiir  Eisciibahincescn.)       (88)      Oct. 
The    Canadian    Locomotive    Company's    New    Plant.*      (96)      Oct.    2. 
Tunneling.*      Robert   B.    Sinclair.      (96)      Oct.   2. 
A   Rail-.Joint   of  the   Wedge  Type.*       (13)      Oct.   2. 
Track    Inspection   Car;    Erie    R.   R.*      (13)      Oct.    2. 

Construction  of  the  Buckhannon  &  Northern  Railroad.*      R.  E.  Kerr.      (IS)      Oct.  3. 
Report    on    North    Haven    Collision.      (Report    of    the    Interstate    Commerce    Comm.) 

(15)      Oct.   3. 
Signaling   Conditions  on   the   Pennsylvania.      A.   H.   Rudd.      (Abstract   of   paper   read 

before   the    Ry.    Club    of    Pittsburgh.)       (15)      Oct.    3. 
Single-Phase    Locomotives    for   the    Rhaetian    Railway.*      (12)      Oct.    3. 
New    Locomotive    Repair    Shop,    Elgin,    Joliet    &    Eastern    Ry.,    Joliet,     111.*      (18) 

Oct.  4. 
Pacific    Type    Locomotive    for    the    Pennsylvania    Lines    West    of    Pittsburgh.*      (18) 

Oct.   4. 
Locomotives  for  the  Norfolk  &   Western   Electrification.*      (17)      Oct.   4. 
Transportation  of  Freight.*      (17)      Oct.  4. 
Electric   Railway   Signalins.*      (17)      Oct.    4. 
Self-Propellcd   Cars.*      (17)      Oct.   4. 

Building  a   1  200-Volt  Electric   Railway.*     Robert   P.   Woods.      (13)      Oct.   9. 
Boston  c*i  Maine  Extension  from  Hinsdale,   N.  H.,  to  Brattleboro,  Vt.*      (15)      Oct.  10. 
The  Standard  Locomotive  Stoker.*      (IS)      Oct.  10. 
Canadian   Northern   Montreal   Terminal.*      (IS)      Oct.   10. 
Features  of  the  Kalka-Simla  Railway.*     Lewis   R.   Freeman.      (15)      Oct.   10. 

•Illustrated. 
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Railroads— (Continued). 

Some   Aspects   of    Hallway    Regulation.     Frank    J.    Loesch.      (Abstract    of   paper    read 

before  the  Soc.  of  Ry.  Financial   Officers.)       (15)      Oct.   10. 
Reduced  Live  Loads  on  Railway  I'nder-Brldges.*    J.  D.  W.  Ball,  Assoc.  M.  In.st.  C.  E. 

(12)  Oct.    10. 

Train  Control  System  of  the  L.   and  Y.  Railway.*     (12)      Oct.  10. 

The   Mont   D'Or  Tunnel.*      (12)      Oct.    10. 

An    Important    Locomotive    Development.    Large   Decapod    Engines    for   Service    in   the 

French   Coalfields.*      (19)      Oct.    11. 
Theory    and    Practice   of    Painting    a    Modern    Steel    Passenger    Car.     .1.    W.    Lawrie. 

(Paper  read  before  the   Inter.  Congress  of  Applied  Chemistry.)       (19)      Oct.    11. 
Interesting    British    Locomotive    Development.*      (46)      Oct.    11. 
Xtw    Single-Phase    Motor    and     Phase    Converter    for    Locomotive    Service.*      (17) 

Oct.   11. 
Gas-Electric   Motor  Car,   Midland  Valley  R.   R.*      (18)      Oct.  11. 
New    Engine    Terminal    of    Baltimore    &     Ohio    Railroad    at    Cumberland ;     Modern 

Layout    Designed    to    Handle    Mallet    Locomotives ;    Submerged    Cinder    Pit    with 

Traveling    Crane    and    Plant    for   Three    Sizes   of   Coal.*      (14)      Oct.    11;      (15) 

Oct.    17:      (18)      Oct.    11. 
System  of  Car   Supply   and   Train   Dispatching,   London   &    Northwestern    Ry.*       (18) 

Oct.    11. 
The  Elkhorn   Railway   Extension.*     O.   K.   Morgan.      (13)      Oct.   16. 
Report    of    the    Committee    on    Express    and     Freight    Traffic.      (Abstract    of    paper 

read  before  the  Am.  Elec.  Ry.  Transportation  and  TraflBc  Assoc.)      (17)      Oct.  16. 
A    Gasoline   Freight    Locomotive.*      (13)      Oct.    16. 
The    Present  Tendency   of   Public   Service   Regulation.     Richard   M'Culloch.     (Abstract 

of  paper  read  before  the  Am.   Elec.   Ry.   Assoc.)       (17)      Oct.   17. 
Present  Tendency  of  Public  Utility  Laws  and  Regulations.    Frank  Hedley.     (Abstract 

of  paper  read  before  the  Am.   Elec.   Ry.  Assoc.)       (17)      Oct.   17. 
The  Flagging   Rule   and   its   Enforcement.      (IS)      Oct.    17. 
Record  of  a  Lehigh  Valley  Locomotive.*      (IS)      Oct.  17. 

Passenger  Station  for  the  C,   M.  &  St.  P.   Ry.   at  Lewistown,  Mont.*      (18)      Oct.   18. 
Valuation   of   Railroads.      Gridley   Bede.      (18)      Oct.    18. 
Grade  Reduction  and  Doubletracking  on  the  Nashville,  Chattanooga  &  St.  Louis  Ry.* 

(13)  Oct.   23. 

Hopper-Bottom    Steel-Frame    Box    Cars    for    Grain;    Canadian    PaciP.c    Ry.*       (13) 

Oct.    23. 
Production  of  Poles  and  Cross-Ties,  1912,  in  Canada.      (96)      Oct.  23. 
Compound    Express    Locomotive,    Paris,    Lyons   and    Mediterranean    Railway.*     C.    R. 

King.      (12)      Oct.    24. 
Proposed    Development   of   Chicago    Railway   Facilities.      .John   F.    Wallace.      (Report 

to  the  City  Council.)       (15)   Oct.  24;    (14)   Nov.  1. 
.Tones'   Mail   Catcher.*      (15)      Oct.    24. 

Boston   &    Maine   Yard    at   Mechanicville.*      (15)      Oct.    24. 

Scale-Testing  Car  of  the  Bureau  of  Standards.*      A.  H.   Emery,   Jr.      (14)      Oct.   2.5. 
Oakland,    Antioch    &    Eastern    Ry.*      (18)      Oct.    25. 
Steel    Passenger    Car    and    Existing    Passenger    Equipment.      (18)      Serial    beginning 

Oct.  25. 
History    and    Problems   of    the    Steel    Wheel.      .John    C.    Neale    and    D.    F.    Crawford. 

(Papers   read   before   the   Am.    Iron    and    Steel    Inst.)      (62)      Oct.    27. 
Characteristics   and  Operating  Features  of  the  Gas-Electric   Car.    L.   C.   Josephs,   .Jr. 

(Abstract  of  paper  read  before  the  Assoc,  of  Ry.  Elec.  Engrs.)       (IS)      Oct.   31. 
Wreck  Caused  by  a  Broken  Tire,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis.*      (IS) 

Oct.   31. 
New   O.   W.    R.   &   N.    Terminal   at   Spokane.*      (15)      Oct.    31. 
Montclair  Terminal   Improvement  on  the  Lackawanna.*      (14)      Nov.   1. 
Proposed    Tunnel    under    English    Channel.*      C.    O.    Burge,    M.    Inst.    C.    E.      (14) 

Nov.    1. 
Jumelages   de   2   Voitures   sur  3   Bogies.*     Paul   Conte.      (38)      Oct. 
Note  sur  la  Gare  de  Chatel-Guyon.*     Mauguin  et  Joulie.      (38)      Oct. 
Entrep6t   de   South    Lambeth   du   "Great   Western    Railway".*      (84)      Oct. 
Locomotive   Sl    Moteurs    Diesel.      Construite    par    les    Etablissements    Sulzer    Freres.* 

Ch.   Dantin.      (33)      Oct.   4. 
La  Ligne  Franco-Suisse  de  Frasne  k  Vallore  et  le  Tunnel  du  Mont-d'Or.*      Maurice 

Honors.      (33)      Oct.    18. 
Frasmaschine    fiir    Weichenzungen.*      Proske.      (102)      Sept.    15. 
Gesetzmassigkeiten    im    Verhalten   der    Dremskraft   bei    Eisenbahnziigen.*      J.    Meyer- 

Absberg.      (102)      Sept.    15. 
Vom   Bau   der  ostafrikanischen    Mittellandbahn.*     C.    Gillman.      (107)      Sept.    20. 
Die    Eisenbahnhochbriicke    iiber    den    Kaiser-Wilhelm-Kanal    und    die    Eisenbahnver- 

legung    bei    Rendsburg.*      Fr.    Voss    und    J.    Gahrs.     (40)      Oct.    1. 
Winkelstutzmauer  ohne   Strebepfeiler.*      F.   Knispel.      (80)      Oct.   4. 
Einige    Betriebserfahrungen    mit    1  200    V    Gleichstrom    in    Bahnanlagen.     Herm.     J 

Mulder.      (41)      Oct.    9. 

•Illustrated. 
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Railroads— (Continued). 

Tabellarische    Aiisarbcitung    von    Kalibrierungen,     im    bcsonderen     verschiedenartige 

Schienenkalibrierungen.*     C.    Holzweiler.      (50)      Oct.    9. 
Neue   Schwellenlocherei    der   Hauptwerkstatte   Witten.*     L.    Hellman.      (102)      Serial 

beginning    Oct.    15. 
Die    Schienenwanderung    in    der    Richtung    des    Verkehres.*      K.     den    Tex.      (102) 

Oct.    15. 
Wider.stand   von   Fahrzeugen   beim   Durchfahren   von   Gleisbogen.*     P.    Haug.      (102) 

Oct.    15. 
Riffelbildung    auf    Strassenbahnschienen.*     Eriand    Zell.      (SO)      Out.    16. 

Railroads,  Street. 

A   Brief  Description   of  a   Modern   Street   Railwav   Track  Construction.*     A.   C.   Polk, 

A.ssoc.   M.   Am.   Soc.   C.   E.     (54)      Vol.   76. 
Old  and  New  Carhouses  at   Berlin,  Germany.*      (17)    Oct.  4. 
Electric    Railway    Construction    in    Paris.*      (17)      Oct.    4. 
Design   of   City  Cars.*      (17)      Oct.   4. 

Repair  Shop  Design  and  Operation    (Electric  Railways).*      (17)   Oct.  4. 
Trackless   Trolleys   in   England.*      (17)      Oct.   4. 
.-\    Car    Designed    for   the    New    Subway.*      (46)      Oct.    4. 
Track  Construction.*      (17)      Oct.  4. 
Hydroelectric     Energy     for    Worcester    Railway     System.*      (27)      Serial     beginning 

Oct.  4. 
Concreting    the    Harlem    River    Subway    Tunnel,     Inclosing    the    Submerged     Four- 
Track   Tubes   with   Concrete    Deposited   by   Tremies.*      (14)      Oct.    11. 
San  Francisco  Municipal   Railway.*       (17)      Oct.   11. 
Economics  of  the  Cleveland  Railway  Situation  as  Developed   in  the  1913  Arbitration 

Decision.      C.    Nesbit    Duffy.       (Abstract    of    paper    read    before    the    Am.    Elec. 

Ry.    Assoc.)       (17)      Oct.    15. 
Report   of   the    Joint    Committee    on    Train    Operation    for    City    Service.*      (Abstract 

of   paper   read   before   the  Am.    Elec.    Ry.    Eng.    and    Transportation    and   TrafHc 

Associations.)      (17)      Oct.  15. 
Report   of  the   Committee  on    Joint   Use   of   Poles.*      (Abstract   of   paper   read   before 

the   Am.    Elec.    Ry.    Assoc.)       (17)      Oct.    17. 
Kenmore  Shops  of  the  Northern  Ohio  Traction  &  Light  Company.*    Jay  C.  Lathrop. 

(17)      Oct.  18. 
The  Harlem  River  Tubular  Steel  Tunnel,  New  York  City.*      (18)      Oct.  18. 
Specifications    for    Overhead    Trolley    Construction.*      (Abstract    of    Report    of    the 

Am.   Elec.   Ry.   Ene.  Assoc.)       (17)      Oct.    18. 
Cast-Weld   Joints    and    Steel   Ties   In   Brooklyn.*      (17)      Oct.    25. 

Sanitation, 

Prevention  of  Mosquito  Breeding.    Spencer  Miller,  M.  Am.  Soc.  C.  E.      (54)      Vol.  76. 
The   Sanitation   of   Construction    Camps.*      Harold   Farnsworth   Gray,    Jun.   Am.    Soc. 

C.   E.     (54)      Vol.   76. 
The    Infiltration    of   Ground-Water    Into    Sewers.*      John    N.    Brooks,    Jun.    Am.    Soc. 

C.    E.      (54)      Vol.    76. 
The    Absorption    of    Oxygen    by    De-Aerated    Water.*     Earle    B.    Phelps,    Assoc.    Am. 

Soc.   C.   E.      (54)      Vol.   76. 
New  Municipal  Abattoir  at  Belfast.*      (104)      Sept.  26. 

Street   Cleaning   Department  of    Baltimore,    Md.*     Stuart   Stevens   Scott.      (60)      Oct. 
Federal  Aid  to   Drainage.      J.   R.  Haswell.      (Paper   read  before  the  New  York  State 

Drainage     Assoc.)       (36)      Oct. 
Results  of  Garbage  Reduction  at  Columbus,  Ohio.      (60)      Oct. 
The     National     Drainage    Congress     Bill     for    Government     Reclamation     of    Swamp 

Lands.      (86)      Oct.    1. 
Construction    Methods    Employed    in    Laying    Water    and    Sewer    Pipes    Across    Fox 

River  at  St.  Charles,   111.*      (86)      Oct.   1. 
Data    on    Refuse    Collection    and    Disposal    in    Five    Large    American    Cities.      (86) 

Oct.  1. 
The  Effect  of  Moisture  on  the  Strength  of  Drain  Tile  and  Sewer  Pipe.     (From  Bulle- 
tin.   Iowa    State    College    Eng.    Exper.    Station.)       (86)      Oct.    1. 
The    Clarification    of    Sewage    in    Slate    Beds.*       Bach.     (Tr.    by    Kenneth    Allen    and 

Edward    S.    Allen.)       (13)      Oct.    2. 
Tiverton   Sewage  Disposal   Works.*      L.   D.  Holgate.      (104)    Oct.   3. 
Notes   on    the   Sewerage   and    Sewage    Disposal   Works    and   the    Mineral    Waters    and 

Treatments    of    Harrogate.*      C.    E.    Rivers.      (Paper    read    before    the    Institu- 
tion of  Municipal  and  County  Engrs.)      (104)      Oct.  10. 
Cheltenham   Sewage   Purification   Works.*     .1.    S.    Pickering.     (Paper   read   before   the 

Assoc,    of    Managers    of    Sewage    Disposal    Works.)       (104)       Oct.    ID. 
Data  on  the  Recoverable  Values  of  Municipal   Refuse  as  Observed  at   Buffalo,   N.   Y. 

Geo.    H.    Norton.     (Paper    read    before   the    Am.    Public    Health    Assoc.)       (86) 

Oct.  15. 

♦Illustrated. 
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Sanitation— (Continued  i. 

An    Example  of   IMmcult  Tunneling    (for   Sewer).*     J.   M.   M.  Greig.      (96)      Oct.    16. 
Camp    Hill    View   Sanitation.    Catskill    Aqueduot.*     Arthur   W.    Tidd.      (13)      Oct.    16. 
Destruction   of  Garbage  by   Incineration.     H.   C.   Andrews.      (96)      Oct.    16. 
Committee    Report.s    on    Sewerage    and    Sewage     Disposal    and    on     River    Cleaning. 

(Abstract  of  reports  to  the  Am.   Public  Health  Assoc.)       (13)      Oct.   16;      (86) 

Oct.    15. 
Heat  Transmission   Under  Fan   Blast  Conditions.*      L.  C.  Soule.      (Paper  read  before 

the   Am.    Soc.   of    Heating   and    Ventilating   Engrs.)       (101)      Oct.    17. 
Why  Not  Sink  Imhoff  Tanks  as  Open  Caissons?    E.   B.  Van  de  Greyn.      (14)   Oct.  18. 
Distribution  of  Sewage  Sludge  in  Settling  Tanks.*    Charles  Hoopes.      (14)      Oct.   18. 
Sizing    Pipe   for    Gravity    Hot-Water    Heating.*     M.    S.    Cooley.      (Paper    read    before 

the  Am.   Soc.  of  Heating  and  Ventilating  Engrs.)       (64)      Oct.   21. 
A    Summary    of   the    Arguments    and    Conclusions   of   the    Members    of   the    Board    of 

Appraisers    of    the    Chicago    Garbage    Reduction    Plant.       (86)     Oct.    22;     (14) 

Oct.   25. 
St.    John's    Sewage    Disposal    Works.*      Charles    Turton.      (Paper    read    before    the 

Institution    of    Municipal    Engrs.)       (104)      Oct.    24. 
Advantages    and    Disadvantages    of    Intercepting    Traps.     W.    E.    Woollam.      (Paper 

read    before    the    Institution    of    Municipal    Engrs.)       (104)      Oct.    24. 
The    Impurities  of  the   Atmosphere.*     John   B.   C.    Kershaw.      (12)      Oct.   24. 
The    Passaic    Valley    Sewer    Plans    for    Securing    Wide    Diffusion    at    the    Outlet    in 

Xew    York    Bay.*      (46)      Oct.    25. 
Great  Vancouver  Joint   Sewerage  Scheme.*      (14)      Oct.   25. 
Reclaiming    the   Florida    Everglades,    Joint    Report    of    Board    of    Engineers.     Daniel 

W.  Mead.  Leonard  Metcalf  and  Allen  Hazen.  (14)  Oct.  25;  (13)  Oct.  23. 
Design  of  Imhoff  Sewage  Plants.*  Leslie  C.  Frank.  (14)  Serial  beginning  Oct.  25. 
English    Test   for   Dissolved   Oxygen    (Sewage    Disposal).     George   C.    Whipple.      (14) 

Oct.    25. 
Need    of    Set    Rules    and     Regulations    to    Govern    the    Submission    of    Water    and 

Sewer  Plans  to  State  Boards  of  Health.      (86)      Oct.   29. 
Data  on  144   Sewage  Treatment  Plants  in  New  Jersey.    R.   B.   Fitz-Randolph.      (86) 

Oct.    29. 
Shellfish    Conservation    and    Sewage    Disposal.      George    A.    Johnson.      (Abstract    of 

paper  read  before  the  Am.   Public  Health  Assoc.)    (86)    Oct.   29. 
Pcmpe  Centrifuge  dite  "Stereophage,  Systeme  Parsons"    (Pumps  for  Sewers).*      (34) 

Oct. 
Die    Verwendung    des    Steinzeuges    bei    Kanalisations-und    Klaranlagen    von    Abwas- 

sern.*     P.    Rohland.      (39)      Sept.    20. 
Ein    Beitrag    zur    Liiftung    von    Strassenkanalen.*       Erwin    Kohlmann.       (7)       Serial 

beginning    Sept.    20. 
Die   Kremer-Klarbruiinenanlage  der   Stadt  Simmern    im   Huns-.ruck.*      Flender.      (39) 

Sept.  20. 
Zur  Frage  der  Wirtschaftlichkeit  der  Zentralheizung.    de  Grahl.      (7)      Sept.  27. 
Methode   zur   Rohrberechnung   fiir   Warmwasserheizanlagen.      Hermann    Kraus.       (7) 

Sept.  27. 
Staub   und   Heizung.     Konrad    Meier.       (Paper   read   before  the   Am.    Soc.    of   Heating 

and  Ventilating  Engrs.)      (7)      Sept.  27. 
Reibungs-und     Einzelwiderstande    in     Warmwasserheizungen.       H.     Recknagel.        (7) 

Oct.  4. 
Verwertung  der  Abfalle  in  modernen  Brauereien.    Franz  Spalek.      {53)      Oct.   10. 
Der    Einfluss    des    Dampfdruckes    auf    den    Ausgleich    der    Temperatur    in    Verband- 

stoflsterilisatoren.*     Fritz  Kroner  und  Carl  Naumann.      (7)      Oct.  11. 

Structural. 

The    Distribution    of   Stress   Due   to   a    Rivet   in    a    Plate.*     E.    G.    Coker   and    W'.    A. 

Scoble.      (90)      Vol.    55,    Pt.    1. 
Stresses  in  a  Plate  Due  to  the  Presence  of  Cracks  and  Sharp  Corners.*     C.  E.  Inglis. 

(90)      Vol.    55,    Pt.   1. 
On    Long-Time    Tests    of    Portland    Cement.*      I.    Hiroi,     M.    Am.    Soc.    C.    E.      (54^ 

Vol.   76. 
Some  Experiments  with  Mortars  and  Concretes   Mixed  with   Asphaltic  Oils.*    Arthur 

Taylor   and   Thomas    Sanborn.      (54)      Vol.    76. 
Theory    of    Reinforced    Concrete    Joists.*     John    L.    Hall,    M.    Am.    Soc.    C.    E.      (54) 

Vol.    76. 
The  Strength  of  Columns.*    W.   E.   Lilly.      (54)      Vol.   76. 

Kinetic  Effects  of  Crowds.*    C.  J.  Tilden.  Assoc.   M.  Am.   Soc.  C.   E.     (54)      Vol.   76. 
The   Theorem    of   Three    Moments.*     J.    P.    J.    WMlIiams,    Assoc.    M.    Am.    Soc.    C.    E. 

(54)      Vol.    76. 
Tests  of  Creo.soted  Timber.*      W.  B.  Gregory,   M.   Am.   Soc.   C.   E.      (54)      Vol.   76. 
The   Xew   London    County   Council    Regulations   for   Reinforced   Concrete.*      Percy   J. 

W^aldram.      (11)      Sept.    26. 
New  Municipal  Abattoir  at  Belfast.*      (104)      Sept.  26. 

•Illustrated. 
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Structural     (Continued). 

I'li'ssuro   Test    in    Wet    Concrete.*       (The    Aberthaw    Construction    Co.)       (67)      Oct.; 

(02)    Oct.   H. 
Fire    Tests    of    Partitions    for    Buildings.      (Division    of    Buildings    of    the    Dept.    of 

Public    Safety,     Cleveland,     Ohio.)       (67)      Oct. 
The    Competition     for    Survival     Between    Differing    Types    of    Engineering    Design. 

Wager    Fisher.      (36)      Oct. 
The     Revised     L..    C.     C.     Reinforced     Concrete    Regulations.*       Ewart    S.     Andrews. 

(12)    Oct.    3. 
Points   in    Bricks   and   Brick   Construction.     Robt.    J.    Marshall.      (96)      Oct.    9. 
Design    of    Footings    in    Reinforced    Concrete.*     A.    N.    Worthington.      (96)      Oct.    9. 
An    InvestJKation    of    the    Strength    of    Cinder    Concrete.*      George    E.     Strehan    and 

Harold    Perrine.      (13)      Oct.    9. 
Grain    Elevator    E.xtension,    Chicago    Great    Western    Ry.*      (18)      Oct.     11. 
Constructing    a   Building   Upside   Down.*       (46)      Oct.    11. 
A    Discussion    of    the    Principles    of    Design    of    Reinforced    Concrete    Beams    with 

Special    Reference   to   Internal    Stresses,    Bond   and   Shear.*     .1.   W.    Pearl.      (86) 

Oct.    15. 
-Votes   on   the   Economies  of   Gravel    Screening   for   Concrete.     Geo.   A.    Merrill.      (86) 

Oct.  15. 
Concrete   Building  Construction   in   America.*      (12)      Oct.    17. 

The  New  Engineering  Laboratories   at   University  College,    Dundee.*     (12)      Oct.    17. 
Steel    Framework    of    St.     Jean     Baptiste    Church,    Large    Double    Dome    Supported 

on    Columns    and    Roof    Trusses,    and    Two    Towers    with    Circular    Framework 

and    Conical    Roofs.*      (14)      Oct.    18. 
The    Silo,    How    to    Make    It    Permanent,    a    Comparison    of    the    Burned    Clay,    Con- 
crete   and    Wooden    Silo,    with    Relative    Cost    of    Each    Style    and    Methods    of 

Construction.*      (76)      Oct.    21. 
.Methods    and    Costs    of    Constructing    the   Caisson    Foundation    for    a    Steel    Skeleton 

Building    in    Chicago.*      (86)      Oct.    22. 
Institution  of  Civil  Engineers'   New  Home.*      (12)      Oct.   24. 
Complex    Stress    Distribution    in    Engineering    Materials.      (Report    of    Committee    of 

the   British   Assoc.)       (11)      Serial   beginning   Oct.    24. 
Design  of   Steel   Mill   Buildings.    R.  Fleming.      (14)      Serial  beginning  Oct.   25. 
Sinking   Piers   through   Soft   Clay.*      (14)      Oct.    25. 

Combination  Concrete  and  Cast  Iron  for  Columns  and   Arch   Ribs.*      (13)      Oct.    30. 
The  Theory  of  the   Penetration  of  Heat  in   Solid  Materials.*     L.   R.    Ingersoll.      (13) 

Oct.    30. 
Business    Methods    in    Construction    Work.     James    L.    Stuart.      (Paper    read    before 

the  Cleveland  Eng.  Soc.)       (96)      Oct.  30;    (86)   Oct.  22. 
Deep   Excavation   and    Underpinning   in    Dry   Sand.*      (14)      Nov.    1. 
Reinforced-Concrete  Girders   of   Unusual    Span.*      (14)      Nov.    1. 
Calcul   des   Poutres   Droites   Continues   sur  Appuis   Fixes   ou    Elastiques.*     Leon   Des- 

cans.      (30)      Oct. 
L' Abattoir    de    la    Chaux-de-Fonds    (Suisse).*      (35)      Serial    beginning    Oct. 
Ueber  die  Festigkeit  eines  Vierendeelknotens.*      A.   Vlerendeel.      (69)      Sept. 
Die  Ausstellung   des   Stahlwerks-Verbandes   und   des  Vereins   Deutscher   Briicken-und 

Eisenbaufabriken   auf  der  Internationalen   Baufachausstellung  in   Leipzig  1913.* 

Bleich.      (69)    Sept. 
Zur  Theorie   Torsionsfester   Ringe.*      B.   G.   Kannenberg.      (69)    Sept. 
Beton-Hakensteine.*      (8)      Sept.  13. 
Fiillkorper     fiir     Reaktionstiirme     und     Warmespeicher.*       Franz     Schobner.        (80) 

Sept.    18. 
Voll-und   Mantelschornsteine.*      H.    Grunwald.       (80)    Sept.    25. 
Holzzerstorende   Termiten.*     Troschel.       (40)    Sept.    27. 
Die   Luftschiffhalle   in    Leipzig.*      Theodor   Paul.      (69)    Oct. 

Ueber  die  Formbestimmung  des  Wolbmantelbeckens.*     Karl  Federhofer.      (69)      Oct. 
Unfallverhiitung  im  Schornsteinbau.*      (80)      Serial  beginning  Oct.  2. 
Getreidesilo  im   Montrealcr  Hafen.*    V.  J.  Elmont.      (78)      Oct.  2. 
Flachgriindungen     auf    Schlamm-und     Moorboden     und     Rekonstruktionen    mit    Hilfe 

dieses   Verfahrens.*     .Mich.    Heimbach.      (78)      Serial    beginning   Oct.    2. 
Die  Berechnung  von   Eisenbetonschornsteinen.      Pietzsch.      (78)      Oct.   2. 
Bimskies  und   seine  Anwendung.      H.   Nitzsche.      (80)    Oct.   4. 
Einfluss  des  elektrischen   Stromes  auf  Eisenbeton.*      O.   Berndt.      (40)    Oct.   8. 
Ueber   einen   Versuch    zur   Herstellung   einer   Herdniauer   durch    Einspritzen    von    de- 
ment.*     F.  W.  Schmidt.      (40)    Oct.   11. 
Der    Balken    auf   zwei    festen    Stiitzen    mit    elastisch    gebundenen    Enden    bei    Wechsel 

des   Tragheitsmomentes.*      Francke.      (102).      Serial   beginning  Oct.    15. 

Topographical. 

I'aiciit     Iniiirovenients    in    Leveling    Instruments.*       Dunbar    D.    Scott,    M.    Am.    Soc. 

C.    E.    (54)    Vol.    76. 
A   Land   Map   of  the   World    on   a   New   Projection.*      B.    J.    S.    Cahill.      (Paper   read 

before  the  Technical   Soc.   of  the   Pacific   Coast.)       (1)    Oct. 


•Illustrated. 
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Topographical     (Continued). 

Plane-Table    Siirvej     in    Asia    Minor.*     Lloyd    T.    Emory,    M.    Am.    Soc.    C.    E.       (14) 

Oct.    IS. 
Allowable  Use  of  Small   Angles  in   Surveying.*       W.   H.   Rayner.      (14)    Oct.   18. 

Water  Supply. 

ChiiiKford    Reservoir    Works    of    the    Metropolitan    Water    Board.*       (106)     Vol.    45. 

Pt.   G. 
Tufa    Cement,    as    Manufactured    and    Used    on    the    Los    Angles    Aqueduct.*       J.    B. 

Lippincott,    M.   Am.    Soc.   C.   E.      (54)    Vol.   76. 
A    Mechanism    for    Metering    and    Recording    the    Flow    of    Fluids    Through    Venturi 

Tubes,  Orifices  or  Conduits,   by   Integrating  the  Velocity  Head.*      J.  W.   Ledoux. 

M.    Am.    Soc.    C.    E.       (54)    Vol.    76. 
E.xperimeutal     Determination     of    Loss    of    Head     Due    to    Sudden     Enlargement     in 

Circular   Pipes.*      W.    H.   Archer.      (54)    Vol.   76. 
State    and    National    Water    Laws,    with    Detailed    Statement    of    the    Oregon    System 

of  Water  Titles.*      John  H.  Lewis,  Assoc.   M.  Am.  Soc.  C.  E.      (54)    Vol.   76. 
Characteristics    of    Cup    and    Screw    Current    Meters;    Performance    of    These    Meters 

in  Tail-Races  and  Large  Mountain   Streams  ;    Statistical   Synthesis  of  Discharge 

Curves.*      B.   F.  Groat,  Assoc.  M.  Am.   Soc.   C.  E.      (54)   Vol.  76. 
Construction    of    a    High-Service    Reservoir    at    Baltimore,    Md.*       P.    A.    Beatty,    M. 

Am.    Soc.    C.   E.      (54)    Vol.    76. 
The   Economic   Aspect   of  Seepage   and   Other  Losses    in    Irrigation   Systems.*      E.   G. 

Hopson,   M.  Am.   Soc.   C.  E.      (54)    Vol.   76. 
The    Design    of    Volute    Chambers    and    of    Guide-Passages    for    Centrifugal    Pumps. 

A.  H.  Gibson.      (75)    Mar. 
An    Improved    Governor   for  Water-Turbines.      Percy   H.    Pitman.      (75)    Mar. 
Improved   Management  of  Waterworks.      Paul  Hansen.       (4)    Sept. 
The   Yield   of   a   Kentucky   Watershed.*      George   L.    Thon    and    L.    R.    Howson.       (4) 

Sept. 
A    Brief    Discussion   of    Rainfall    and    Its    Run-Off    Into    Sewers.    Samuel    A.    Greeley. 

(4)    Sept. 
Water    Sterilisation    by    Ultra-Violet    Rays.*      M.    de    Recklinghausen.       (Paper    read 

before  the  Societe  International  des  Electriciens.)       (26)      Sept.   26. 
Locating   Leaks   in   Water   Mains.*       (60)    Oct. 
Corrosion    of    Pipes    by    Raw    and    Treated    Waters.      Prank    E.    Hale.       (Paper    read 
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Oct.    2. 
Water    Sterilisation    by    Chemical    Methods.       S.    Rideal.       (Paper    read    before    the 
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Oct.   10. 
High-Pressure  Aqueduct   Shaft  Cap,   Removable   Cast-Steel   Cover  to   Resist   Head   of 

410  Feet  in  Hudson  River  Siphon  Tunnel  of  Catskill  Aqueduct.*      (14)      Oct.  11. 
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Irrigation.    J.   E.    Church.      (86)      Oct.    15. 
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*  Illustrated. 
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STOJJAdE     TO     BE     PKOVIDED     IN     IMPOUNDING 
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To  BE  Presented  December  ITtii^  1913, 


There  is  undoubtedly  a  definite  relation  between  the  storage  pro- 
vided in  an  impounding  reservoir  on  any  stream  and  the  quantity  of 
water  which  can  be  supplied  continuously  by  it.  The  relation,  how- 
ever, is  a  complex  one,  and  our  knowledge  of  its  character  is  limited. 
The  following  study  is  made  to  see  how  far  it  may  be  possible  to 
separate  this  complex  relation  into  parts,  some  of  them  being  of 
such  a  nature  that  they  may  be  studied  separately  with  definite 
results,  and  afterward  to  treat  all  the  remaining  variations  on  the 
basis  of  probabilities,  using  all  data  from  a  number  of  different 
■streams;  and  to  study  them  in  comparison  with  the  normal  law  of 
error. 

Among  the  elements  that  can  be  studied  separately  are  the  fol- 
lowing : 

1.  The  size  of  the  catchment  area, 

2.  The  mean  annual  run-off  per  square  mile. 

3.  The  portion  of  water  area  and  the  loss  by  evaporation  from  it. 
This  relation  is  a  complex  one,  and  data  for  determining  it  are  less 
adequate  than  could  be  desired.  Nevertheless,  some  approximations 
can  be  reached. 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  In  a  subsequent  number  of  Proceedinns.  and.  when  finally  closed,  the 
papers,   with  discussion   in  full,   will   be  published    In   Transactions. 
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4.  The  natural  storage  in  lakes,  or  in  deposits  of  sand  and  gravel 
and  other  pervious  materials.  Only  approximate  results  for  natural 
storage  can  be  reached,  but  as  these  are  found  to  have  a  great  influ- 
ence on  the  required  storage,  especially  at  relatively  low  rates  of  draft, 
they  must  be  considered. 

5.  Regularity  in  flow.  Some  streams  have  comparatively  regular 
flows;  in  others  the  variation  is  much  greater.  This  difference  in 
regularity  of  flow  can  be  taken  into  account  by  finding  a  coefficient 
determined  from  the  record  of  each  stream,  and  bringing  this  into 
the  statement  in  such  a  way  that  variations  from  the  normal  are 
stated  in  terms  of  the  "standard  variation".  In  this  way,  records  of 
streams  having  more  regular  flows  and  those  having  less  regular 
flows  may  be  compared  with  reference  to  other  matters. 

For  the  present,  all  remaining  elements  of  variations  of  flow  of 
every  description  will  be  thrown  into  one  group  and  studied  in  con- 
nection with  the  normal  law  of  error. 

In  general,  it  may  be  said  that,  as  more  information  is  secured  as 
to  any  part  of  the  whole  problem,  it  tends  to  reduce  unexplained 
variations,  and  to  permit  more  accurate  analysis  of  other  parts.  The 
whole  study,  therefore,  becomes  one  of  successive  approximations. 
The  results  herein  contained  are  to  be  taken  as  only  one  step  in  the 
development.  It  is  to  be  expected  that  further  study  will  show  rea- 
sons for  deviations,  the  causes  of  which  are  not  now  apparent,  and 
will  ultimately  lead  to  more  certain  and  acciirate  knowledge  of  the 
whole  subject.  ~"~' 

The  methods  developed  in  connection  with  the  study  of  the  normal 
law  of  error  are  well  suited  to  an  investigation  of  this  kind.  There 
is  a  presumption  that  they  may  be  applied,  growing  out  of  experience 
with  other  kinds  of  data,  but  the  presumption  is  not  so  strong  that 
it  is  to  be  accepted  without  a  careful  study  of  the  best  flow  data 
available,  to  see  how  close  the  agreement  really  is,  and  how  far  it 
may  be  depended  on. 

The  first  requisite  to  a  successful  study  of  probabilities  is  to  have 
ample  data.  There  are  only  a  few  cases  where  the  records  of  stream 
flow  cover  a  longer  period  than  25  years,  and  the  longest  record  here 
used,  that  of  the  Croton  River,  covers  only  45  years.  No  one  of 
these   records,   taken   by   itself,    is   sufficient   to   serve   as   an   adequate 
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basis  for  forming  judgment  of  the  probability  of  the  recurrence  of 
conditions  which  are  only  to  be  expected  at  intervals  longer  than  are 
i'ovored  by   tliose  records. 

In  order  to  form  a  judginent  of  such  conditions,  we  may  either 
resort  to  the  normal  law  of  error,  and  assume  that,  if  it  applies  rea- 
sonably to  the  data  for  short  periods,  it  will  also  apply  to  longer 
ones;  or  we  may  combine  the  records  of  several  streams,  after  eliminat- 
ing all  the  elements  that  can  be  separated  and  eliminated,  thus  form- 
ing a  single  series  containing  the  elements  of  unexplained  variation 
reduced  as  nearly  as  possible  to  a  common  basis.  In  this  way  a  series 
of  results  is  built  up  which  may  be  taken  as  representing  the  unex- 
plained variations  in  the  flow  of  a  single  stream  for  hundreds  of 
years. 

Such  an  artificial  record  is  open  to  some  objections.  All  the  rec- 
ords of  which  it  is  composed  were  obtained  in  the  same  general 
period  of  time,  and  any  changes  in  climatic  conditions  that  might 
take  place  in  a  long  term  of  years  are  not  reflected  by  it.  Never- 
theless, such  an  artificial  series  seems  to  be  the  best  means  now 
available  for  finding  approximately  some  of  the  relations  between 
flow  and  storage. 

Study  Divided  into  Tiuo  Parts. — An  impounding  reservoir  serves 
two  purposes.  These  run  into  each  other,  more  or  less,  and  over- 
lap, but  they  are  nevertheless  reasonably  distinct,  and  can  be  best 
considered  separately. 

The  first  is  to  balance  the  fluctuations  in  flow  during  the  sea- 
sons of  one  year.  That  is,  to  hold  the  flood  flows  of  the  winter 
and  spring  and  make  them  available  for  maintaining  the  service 
during  dry  periods  in  the  following  summer  and  fall.  Tliis  will  be 
called  the  monthly  storage. 

The  second  is  to  hold  the  surplus  water  of  wet  years  and  make  it 
available  in  the  drier  years  that  follow.  This  will  be  called  the  annual 
storage. 

These  matters  will  be  taken  up  for  discussion  separately,  and 
afterward  the  results  will  be  combined  in  a  single  statement. 

Approximate  Methods  Used. — In  all  liydraiilic"  data  tlic  probable 
error  of  measurement  is  considerable.  There  is,  therefore,  no  justi- 
fication  for   the   application    of   extreme   refinements    in   methods    of 
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calculation.  With  this  in  mind,  slide-rule  calculations  have  been 
used.  In  most  cases,  available  records  are  given  as  monthly  averages, 
and  each  month  has  been  taken  as  one-twelfth  of  the  year,  regard- 
less of  the  number  of  days  it  actually  contained.  In  a  few  cases, 
daily  or  weekly  records  are  available,  and  a  brief  investigation  has 
been  made  as  to  the  probable  error  involved  by  the  use  of  monthly 
average  figures  instead  of  daily  ones.  Some  changes  of  method  have 
been  made  during  the  course  of  the  work,  and  minor  discrepancies 
resulting  therefrom  (too  small  to  be  significant)  have  not  always 
been  corrected.  Where  records  from  several  streams  are  to  be  averaged, 
a  weighted  average  is  used  in  which  each  is  given  a  value  in  propor- 
tion to  the  length  of  the  records  from  which  it  is  obtained. 

Land  Area  Only  as  Basis. — In  the  case  of  many  of  the  streams 
included  in  the  following  study,  all  or  nearly  all  the  catchment  area 
is  land;  that  is  to  say,  it  is  not  occupied  by  the  water  surface  of 
reservoirs.  In  other  cases,  reservoirs  or  lakes  have  occupied  a  certain 
percentage  of  the  area,  and  this  percentage  has  gradually  increased 
during  the  period  covered  by  some  of  the  records.  The  published 
records  of  flow  are  based  on  the  whole  area,  including  water  sur- 
face. For  the  purpose  of  this  study,  the  method  of  taking  only 
land  area  as  a  starting  point,  as  suggested  by  Mr.  Stearns,  has  been 
followed.  The  published  figures  are  revised  by  dividing  the  run-off 
per  square   mile  from   the   total   area,   by   one   less   the   proportion   of 

water  area. 

Data  Used. 

The  first  step  is  to  reduce  existing  data  to  a  land-ax-ea  basis, 
and  make  a  tabular  statement  showing  the  average  flow  per  square 
mile  for  each  catchment  area  for  each  month  for  the  whole  period 
covered  by  the  observations.  The  records  of  flow  of  the  following 
streams  have  been  used : 

Sudlmry  River. — This  is  a  part  of  the  Boston  water  supply,  with 
a  catchment  area  of  75  sq.  miles.  The  records  cover  the  period  from 
1875  to  1896,  inclusive,  during  which  time  the  water  area  ranged  from 
2  to  4  per  cent.  The  more  recent  records  of  the  Sudbury  River  are 
not  used,  because,  beginning  with  1897,  the  water  for  Boston  from 
the  Wachusett  catchment  area  was  drawn  through  the  Sudbury  sys- 
tem, and  the  Sudbury  figures  are  obtained  as  the  difference  between 
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the  measurements  of  the  water  entering-  and  leaving.  As  the  quan- 
tities passing  through  are  much  larger  than  those  originating  in  the 
area,  the  measurement  is  not  believed  to  be  sufficiently  accurate  to 
justify  the  use  of  the  records  since  this  condition  has  existed.  The 
Sudbury  catchment  area  is  rolling,  inhabited,  and  cultivated,  and 
has  much  sand  and  gravel. 

Wachusett  Reservoir  (South  Fork  of  the  Nashua  River). — This 
is  also  a  part  of  the  Boston  water  supply.  The  records  cover  the 
period  from  1897  to  1911,  inclusive.  The  catchment  area  of  118  sq. 
miles  is  somewhat  more  hilly  and  higher  in  elevation  than  the  Sud- 
bury. It  also  contains  a  large  quantity  of  sand  and  gravel.  The 
water  surface  has  ranged  from  2  to  7  per  cent. 

Croton  River. — This  is  a  part  of  the  New  York  water  supply,  with 
a  catchment  area  of  339  sq.  miles  at  the  Old  Croton  Dam,  increased 
in  1906  to  360  sq.  miles  at  the  New  Croton  Dam.  The  records 
cover  the  period  from  1868  to  1912,  inclusive,  during  which  time  the 
water  area  has  ranged  from  2  to  5  per  cent.  The  catchment  area 
is  rolling,  is  cultivated  to  a  considerable  extent,  and  has  a  large 
quantity  of  sand  and  gravel. 

Manlian  River.— This  has  a  small  catchment  area  of  13  sq.  miles, 
forming  part  of  the  water  supply  of  Holyoke,  Mass.  The  measure- 
ments were  made  by  weirs,  with  unusual  care,  and  cover  the  period 
from  1897  to  1910,  inclusive.  The  area  is  rolling,  and  the  quantity 
of  sand  and  gravel  is  large. 

Catshill  Streams. — These  include  the  Esopus,  378  sq.  miles;  Scho- 
harie, 240  sq.  miles;  and  Rondout  Creek,  105  sq.  miles.  The  gaug- 
ings  were  made  by  the  City  of  New  York,  and  cover  a  relatively 
short  period.  The  catchment  areas  are  steep  and  mountainous,  and 
largely  wooded.  The  soil  is  generally  impervious,  and  there  is  little 
sand  and  gravel.  The  records  are  not  of  sufficient  length  to  cover 
the  driest  periods,  but  they  are  useful  as  indicating  the  ordinary  con- 
ditions of  storage  required  in  catchment  areas  differing  radically  in 
physical  characteristics  from  those  previously  mentioned. 

Pequannoch  River. — This  furnishes  the  water  supply  for  Newark, 
N.  J.  It  has  a  catchment  area  of  62  sq.  miles  of  hilly,  almost 
mountainous  country,  cultivated  to  a  moderate  extent,  but  largely 
covered  with  second-growth  forest.    The  record  covers  the  period  from 
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1892  to  1911,  inclusive,  and  is  made  up  of  Venturi  measurements 
of  the  water  taken  out  of  the  catchment  area  for  use,  and  weir  measure- 
ments of  the  water  washing  over  the  intake  dam.  The  water  area 
is  about  4  per  cent. 

Philadelphia  Streams. — Three  streams,  Perkiomen  Creek,  152  sq. 
miles;  Neshaminy  Creek,  139  sq.  miles;  and  Tohickon  Creek,  102 
sq.  miles,  were  proposed  many  years  ago  as  sources  of  additional  water 
supply  for  Philadelphia.  They  were  not  used  as  proposed,  but  careful 
gaugings,  extending  over  a  period  of  25  years,  are  available.  The 
country  is  hilly  and  partly  cultivated. 

Gunpowder  River. — This  furnishes  the  water  supply  for  Balti- 
more, Md.  The  catchment  area  is  308  sq.  miles  of  hilly,  rolling 
country,  under  a  good  state  of  cultivation.  The  hills  are  high  and 
steep,  but  there  is  a  deep  cover  of  fine-grained  micaceous  sandy 
material  on  a  large  part  of  the  area,  and  this  serves  to  store  a  large 
quantity  of  water,  so  that  the  ground-water  flow  of  this  stream  is 
larger  relatively  than  of  any  other  stream  considered.  The  records 
are  made  up  of  the  quantity  of  water  drawn  for  use  by  the  City  of 
Baltimore,  and  that  flowing  over  the  intake  dam,  calculated  from 
the  records  of  gauge  heights  covering  the  period  from  1883  to  1911, 
inclusive.  In  considering  these  records,  in  their  report  on  the  water 
supply,  Messrs.  Freeman  and  Stearns  reduced  them  slightly  because 
they  believed  that  the  coefficient  to  be  used  in  the  weir  formula,  for 
the  crest  of  the  dam  as  it  existed,  was  lower  than  had  been  assumed 
in  making  up  the  quantities  used  by  the  Water  Department.  In 
this  calculation  the  records  are  used  without  correction. 

Merrimac  River. — The  Merrimac  River  drains  an  area  of  4  634 
sq.  miles.  The  record  of  the  flow  at  the  Lawrence  Dam  has  been  kept 
by  the  Essex  Company.  Lake  Winnepesaukee  and  many  smaller  lakes, 
comprising  2.6%  of  the  total  catchment  area,  are  included  in  this 
area,  and  storage  in  them,  either  natural  or  with  the  aid  of  the  con- 
trol works  at  the  outlets  of  some  of  the  lakes,  is  an  element  in  main- 
taining the  regularity  of  the  flows.  No  correction  for  water  area  has 
been  made  in  the  Merrimac  flows, 

Hudson  River. — A  record  of  the  flow  has  been  kept  at  Mechanics- 
ville,  where  the  catchment  area  is  4  500  sq.  miles.  As  with  the  Mer- 
rimac, there  are  numerous  lakes  on  the  catchment  area,  and  natural 
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storage   is   an   element   in   maintaining  the  flows.     No  correction   has 
been  applied  for  water  area. 

Colorado  Streams. — The  gaugings  of  three  streams  used  by  the 
Denver  Union  Water  Company  are  available: 

1.  Bear  Creek;  record,  1900  to  1911,  inclusive,  and  a  catchment 
area  of  172  sq.  miles; 

2.  South  Fork  of  the  South  Platte  River;  record,  1900  to  1911,  in- 
clusive, and  a  catchment  area  of  1796  sq.  miles; 

3.  South  Platte  River  at  Platte  Canyon;  record,  1903  to  1911,  in- 
elusive,  and  a  catchment  area  of  2  688  sq.  miles. 

These  streams  were  included  as  typical  ones  in  a  dry  country  where 
the  variation  in  flow  from  year  to  year  is  much  greater  than  in  any 
of  those  previously  mentioned.  The  seasonal  fluctuation  in  flow  also 
depends  on  different  climatic  conditions,  especially  on  the  accumula- 
tion of  snow  in  the  high  mountains,  and  its  melting  in  summer.  These 
streams  were  included  in  the  study  in  order  to  see  how  far  the  same 
methods  of  calculation  would  be  applicable  to  them,  and  with  the  idea 
that  they  would  be  included  in  summaries  with  the  eastern  streams 
only  if  it  became  apparent  that  doing  so  would  not  modify  materially 
the  standards  reached.  Including  these  western  streams  has  the  im- 
portant advantage  that  it  tends  to  broaden  the  methods  used  for  com- 
paring data,  so  that  they  are  applicable  under  a  greater  variety  of 
conditions. 

Not  all  the  sources  mentioned  were  used  for  all  parts  of  the  fol- 
lowing study,  but  only  such  records  as  seemed  most  appropriate  in 
relation  to  each  point  taken  up  in  turn. 

Additional  Records. — It  would  be  possible,  by  using  the  records  of 
the  United  States  Geological  Survey,  greatly  to  extend  the  investiga- 
tion. In  the  first  study  it  is  thought  best  to  use  only  a  limited  num- 
ber of  selected  data.  It  is  by  no  means  an  easy  matter  to  gauge 
streams  accurately,  especially  under  winter  conditions  in  northern 
climates,  with  large  quantities  of  ice  and  anchor  ice  in  the  water.  It 
is  necessary,  therefore,  to  use  these  records  with  caution,  because  such 
errors  may  exist  in  some  of  them.  Long-term  records  are  obviously 
more  useful  than  those  of  short  term,  and  the  latter  have  been  con- 
sidered only  in  the  case  of  a  few  streams  representing  types  of  catch- 
ment area  not  otherwise  included. 
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Calculation  of  Storage. — Calculations  were  made  for  each  year  for 
each  of  the  streams  investigated  in  order  to  determine  the  storage  re- 
quired to  maintain  each  of  a  number  of  assumed  rates  of  draft.  For 
most  of  the  streams,  for  which  the  flows  were  given  in  gallons  per  square 
mile,  these  calculations  were  made  for  rates  of  draft  of  100  000,  200  000, 
400  000,  600  000,  800  000,  and  1  000  000  gal.  daily  per  sq.  mile  of  land 
area,  or  for  so  many  of  them  as  required  storage  and  could  be  supported. 
In  the  case  of  streams  where  the  records  were  in  cubic  feet  per  second, 
rates  of  draft  were  taken  giving  about  the  same  general  range. 

Basis  of  Stating  Storage. — There  are  several  ways  in  which  the 
storage  may  be  stated:  In  terms  of  the  land  area,  in  terms  of  the 
mean  annual  run-off,  or  in  terms  of  the  proposed  maintainable  draft. 

When  storage  is  based  on  the  tributary  area,  it  may  be  stated  as 
inches  of  run-off  or  millions  of  gallons  per  square  mile  of  tributary 
area.  These  and  similar  terms  bear  fixed  relations  to  each  other. 
Thus  1  in.  of  run-off  is  always  equal  to  17  400  000  gal.  per  sq.  mile. 
When  these  units  are  used,  it  should  be  stated  whether  they  relate  to 
the  whole  area  or  to  the  land  area  only,  as  either  form  may  be  used. 
When  the  storage  is  based  on  the  mean  annual  flow,  the  percentage 
of  it  required  to  fill  the  reservoir  from  bottom  to  top  is  usually  given. 
When  the  storage  is  based  on  the  maintainable  yield,  it  is  most  con- 
veniently stated  in  days'  supply.  Thus,  if  a  given  reservoir  holds 
100  000  000  gal.,  and  is  used  for  an  output  of  2  000  000  gal.  per 
day,  50  days'  storage  is  said  to  be  provided.  Each  of  these  three  ways 
of  stating  storage  has  advantages  for  certain  purposes,  and  they  are 
all  used  in  this  discussion. 

Monthly  Storage. 
Each  Year  by  Itself. — It  is  assumed,  in  the  first  part  of  this  study, 
that  the  reservoir  is  full  each  year  at  the  beginning  of  the  summer 
dry  period,  and  no  account  is  taken  of  any  deficiency  that  might  exist 
from  operations  of  previous  years.  The  figures  thus  reached  are  re- 
ferred to  as  those  for  "each  year  by  itself"  or  as  ''monthly  storage". 
A  second  set  of  figures  is  made  in  which  the  deficiency  at  the  beginning 
of  any  year  is  carried  forward.  The  figures  thus  reached  are  spoken 
of  as  "cumulative".  The  cumulative  figures  are  comparable  with 
those  made  by  Messrs.  Stearns,  FitzGerald,  and  Freeman  for  a  zero 
water  area. 
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At  the  outset  it  was  supposed  that  the  cumuhitive  figures  would 
be  the  most  iuiportant,  and  those  representing  each  year  by  itself  were 
carried  as  a  convenient  and  perhaps  useful  check.  It  turned  out,  how- 
ever, that  the  figures  for  each  year  by  itself  could  be  reduced  to  more 
definite  and  satisfactory  order  than  was  possible  for  the  cumulative 
figures,  and  in  the  final  study  no  use  is  made  of  the  latter,  except  as 
a  check  on  the  results  otherwise  reached. 

The  monthly  storage  figures,  representing  the  storage  for  each  year 
by  itself,  are  used  as  a  convenient  step  in  the  process  of  development, 
and  do  not  always  represent  the  whole  quantity  of  storage  required, 
as  they  contain  no  allowance  for  the  annual  storage  necessary  to  hold 
the  excess  water  of  wet  years  and  make  it  available  in  dry  ones. 

The  figures  for  monthly  and  annual  flow  for  each  of  the  streams, 
and  the  computed  storage  therefrom  for  several  assumed  rates  of  draft, 
are  compiled  in  Table  1.  As  the  original  of  this  table  is  very  long, 
and  as  all  the  figures  used  in  the  subsequent  discussion  are  shown 
graphically  in  the  diagrams  which  follow,  the  table  is  not  presented 
in  full,  but  only  one  part  of  it,  containing  the  records  of  one  stream, 
in  order  to  show  its  form. 

Plotting  Results. — On  Fig.  1  are  plotted  these  results  for  the 
Wachusett  Reservoir.  The  quantities  of  storage  for  each  rate  of 
draft  are  arranged  in  order  of  magnitude  and  plotted  on  lines  equally 
spaced  on  the  diagram.  Lines  connecting  them  approximate  in  shape 
to  the  letter  ''S",  the  middle  part  of  the  curve  being  moderately 
straight,  and  the  curvature  near  the  ends  much  sharper. 

Smooth  curves  have  been  drawn  to  show  the  most  probable  curve 
in  case  the  normal  law  of  error  applies  to  the  data.  The  question 
as  to  whether  it  does  apply  will  not  be  discussed  at  this  time,  but 
the  lines  drawn  with  its  aid  give  a  better  idea  of  the  normal  shape 
of  the  curves  than  can  be  obtained  from  the  few  points  that  con- 
stitute this  particular  series.  If  the  data  were  much  more  numerous, 
a  fair  approximation  of  positions  near  the  ends,  that  is  to  say,  of  the 
probable  storage  required  to  maintain  drafts  in  years  so  dry  that  they 
recur  only  once  in  20  or  50  years,  could  be  obtained. 

With  data  no  more  numerous  than  those  in  the  record  shown 
by  Fig.  1,  the  method  is  a  clumsy  one,  and  cannot  be  expected  to 
yield  close  results.     It  may  be  pointed  out,  however,  that  the  method 
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TABLE  1. — (In  Part.) — Average  Run-Off,  by  Months,  in  Thousands 
OF  Gallons  per  Day  per  Square  Mile  of  Net  Land  Area,  for 
Wachusett  Reservoir. 
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0 

3 

23 

48 

78 

127 

1901 

0 

0 

2 

14 

45 

75 

1903 

0 

0 

11 

35 

.59 

95 

1903 

0 

0 

0.5 

10 

35 

77 

1904 

0 

0 

3 

31 

68 

118 

1905 

0 

0 

3 

30 

53     (127)        95 

1906 

0 

0 

3 

11 

30     (189)        65 

1907 

0.3 

3 

11 

33 

35     (96)         57 

1908 

0.3 

6 

37 

68 

116        1          165 

19fl9 

0.1 

3 

35 

57 

97     (154)      140 

1910 

1.0 

9 

34 

70 

113     (206)      173 

1911 

1.2 

4 

33        (59)        51      (153)        83     (397)      119 
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which  has  been  most  cdininonly  used  for  estiniatiuf,'  storage  has  been 
that  of  considering  only  the  highest  term  in  the  storage  series,  and 
that   no    consideration    has    usually   been    given    to    the    other    terms. 


40  50  60 

PercentaKe 
Fig.   1. 


'JO     95    lOO 


Under  these  conditions,  the  degree  of  dryness  of  the  year  that  con- 
trols is  a  matter  of  chance.  The  longer  the  record  period,  the  greater 
is  the  chance  that  it  will  include  a  very  dry  year.  Plotting  in  even 
this  crude  way  is  an  improvement,  in  that  it  gives  some  idea  of  the 
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range  of  results  and  the  frequency  of  recurrence  of  extreme  values. 

Probability  Paper. — The  practical  difficulty  with  the  plotting 
on  Fig.  1  is  the  great  curvature  of  the  lines  showing  the  required 
storage.  This  difficulty  is  so  great  as  to  make  the  method  impracticable 
in  most  cases ;  but  it  has  been  removed  by  using  paper  ruled  with 
lines  spaced  in  accordance  with  a  probability  curve,  or,  as  it  is  other- 
wise called,  the  normal  law  of  error.  The  spacing  of  the  lines  for 
this  paper  was  computed  from  figures  taken  from  probability  curve 
tables,  and  arranged  so  that  the  line  which  represents  the  summa- 
tion of  the  probability  curve,  when  plotted  on  it,  is  straight.  If 
the  data  for  any  series  correspond  strictly  with  the  normal  law  of 
error,  the  points  plotted  on  this  paper  will  all  be  in  a  straight  line. 
If  the  data  approximate  the  normal  law  of  error,  the  line  through 
the  points  will  approximate  a  straight  line.  Even  though  the  devia- 
tion from  the  normal  law  of  error  is  considerable,  a  line  with  only 
a  moderate  curvature  may  represent  it  fairly  well. 

In  plotting  observations  on  this  paper,  either  of  two  methods  may 

be  used.     First,   all  the  results  may  be  divided   into   classes  between 

certain   limits,   and   the    corresponding   limits   in   the   other   direction 

may  be   determined   and   plotted.      This    is   the   better   method   where 

the  number  of  terms  in  the  series  is  large.     It  cannot  be   well  used 

with  the  relatively  small  number  of  terms  ordinarily   constituting  a 

series   of   storage   data.     In    the   second   method   the   whole   space   is 

divided  into  as  many  vertical  strips  as  there  are  terms,  and  the  figure 

for  each  term,  arranged  in  its  order  of  magnitude,  is  plotted  at  the 

percentage  which  corresponds  to  the  middle  of  its  strip.     That  is  to 

say,   if  there  are  50  terms   in  the  series,  each  is  taken   to  represent 

2%  of  the  whole  space.     The  first  term  will  be  plotted  at  the  middle 

of  the  first  2%  strip;  that  is,   on  the  1%  line;  the  second  term  will 

be  plotted  in  the  middle  of  the  second  strip,  or  on  the  3%  line,  etc. 

The    position    for    plotting    results    can    be    obtained    with    sufficient 

accuracy  with  a  10-in.   slide-rule.     The  decimal  position   of  the  mth 

2  m  —  1 

term  in  a  series  of  n  terms  is  found  to  be  P  =  — . 

2  n 

Storage   Data   on  Probability   Paper. — On   Fig.    2    are   plotted    on 

probability  paper  the  same  data  that  were  plotted  to  natural  scale  in 

Fig.   1.     It  is  seen  that  the  sharp   curvature  at  the  ends   is  entirely 
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eliminated.  The  lines  representing  the  several  series  have  only  a 
moderate  curvature,  and  this  is  much  the  same  in  the  different  cases. 
This  method  represents  the  data  more  satisfactorily  than  arithmetical 
plotting. 

The  diagrams.  Figs.  3  to  21,  inclusive,  represent  all  the  data  from 
the  other  streams  mentioned,  arranged  in  the  same  way;  and,  as 
these  diagrams  are  the  most  convenient  means  of  showing  these  data, 
and  are  sufficiently  accurate,  the  actual  figures  are  not  presented. 

In  the  case  of  three  of  the  streams,  namely,  the  Croton  and 
Sudbury  Rivers  and  the  Wachusett  Reservoir,  three  plot  tings  are 
made  for  each.  The  fii-st  represents  the  flow  as  it  occurred,  without 
correction  for  loss  by  evaporation  from  the  water  area.  The  second 
contains  the  storages  required  to  balance  the  calculated  flows  for  all 
land  area.  In  making  the  correction,  it  has  been  assumed,  first,  that 
the  actual  flow  was  increased  each  month  by  the  rainfall  on  the 
actual  water  area  of  the  system  as  it  existed  at  that  time,  and  second, 
that  the  flow  was  decreased  by  the  evaporation  for  that  calendar  month, 
as  found  by  Mr.  FitzGerald  in  his  experiments  at  Chestnut  Hill  Reser- 
voir.* The  third  diagram  represents  the  required  storage  to  balance  the 
calculated  flows  from  a  land  area  of  1  sq.  mile  to  which  there  is 
attached  0.1  sq.  mile  of  water  surface.  The  allowances  for  rainfall 
and  evaporation  have  been  made  in  the  same  way. 

The  data  have  been  computed  and  arranged  in  this  way  with  the 
idea  of  showing  the  effect  of  water  area  on  stream  flow,  and  on  the 
required  storage;  and  certain  deductions  will  be  made  from  them  as 
the  study  proceeds. 

In  drawing  the  smooth  curves  on  the  several  diagrams,  a  uniform 
procedure,  to  be  described  later,  has  been  followed,  giving  a  definite 
and  nearly  constant  curvature,  this  being  deduced  from  a  study  of 
all  the  series  here  presented.  The  same  procedure  has  been  followed 
in  the  few  cases  where  the  data  for  one  series  alone  would  indicate 
either  more  curvature  or  less  than  the  line  as  drawn.  For  the  streams 
where  the  records  have  been  longest  continued,  the  agreement  of  the 
lines  with  the  actual  records  is  satisfactory.  For  the  shorter  records 
the  results  are  less  regular,  owing  to  the  fact  that  they  are  not 
numerous  enough  to  have  filled  in  all  the  values  that  would  be 
expected  in  a  long-term  series. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XV,  p.  581. 
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Storage,  in  Millions  of  Gallons  per  Square  Mile. 
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Storag-e,  in  Days,  (calculated  from  monthly  averages). 
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Storage,  in  Millions  of  Gallons  per  Square  Mile. 
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Storage,  in  Millions  of  Gallons  per  Stjuare  Mile. 
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Storag-e,  in  Millions  of  Gallons  per  Square  Mile. 
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Storage,  in  Millions  of  Gallons  per  Square  Mile. 
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Definition  of  a  Dry  Year.- — Dry  years  recur  at  intervals.  The 
drier  the  year  the  longer  is  the  probable  interval  of  its  recurrence. 
For  intelligent  discussion,  it  is  necessary  to  define  a  dry  year  in 
terms  which  will  designate  the  degree  of  dryness. 

In  this  discussion  the  procedure  has  been  adopted  of  arranging 
all  the  years  in  a  given  series  in  the  order  of  their  dryness.  The 
median  year  in  such  a  series  is  referred  to  as  the  "50%  year".  The 
year  of  such  a  degree  of  dryness  that  90%  of  the  years  are  wetter 
and  10%  are  drier  than  it,  is  called  the  "90%  dry  year",  and  the 
year  such  that  99%  of  all  the  years  are  wetter  and  1%  drier  than  it, 
is  called  the  "99%  dry  year".  Years  thus  defined  are  types.  No 
one  actual  year  is  meant. 

Dry  years  may  be  classified  with  reference  to  the  quantities  of 
rainfall,  the  quantities  of  run-off,  or  the  quantities  of  storage  required 
to  maintain  certain  drafts.  Arranging  all  the  years  in  series  in 
the  order  of  dryness  on  these  different  bases  will  not  always  place 
them  in  the  same  order.  One  year  may  be  the  driest  with  reference 
to  rainfall,  another  with  reference  to  run-off,  and  still  another  with 
reference  to  the  maximum  storage  required.  In  this  discussion  such 
differences  are  overlooked,  and  the  90%  dry  year  is  considered  as  a 
type  and  always  refers  to  the  year  defined  as  above  with  reference 
to  whatever  matter  may  be  under  investigation  at  the  time. 

Error  by  Using  Monthly  Results. — Thus  far,  all  calculations  have 
been  made  on  a  basis  of  the  average  monthly  flows.  Obviously, 
there  will  be  fluctuations  in  flow  in  the  days  of  the  months  at  the 
beginning  of  the  period  of  depletion,  and  in  the  month  during  which 
depletion  culminates,  which  are  not  represented  by  the  monthly 
averages.  In  order  to  determine  how  much  should  be  added  for  daily 
variations  in  flow  within  these  months,  the  Manhan  records,  for 
which  daily  records  were  also  available,  were  used,  and  the  calcula- 
tions were  made  again  on  the  basis  of  the  daily  flows.  These  figures, 
compared  with  those  based  on  the  monthly  average  results,  are  given 
in  Table  2. 

There  is  a  slight  tendency  for  the  larger  figures  to  occur  in  the 
drier  years,  so  that,  from  a  dry-year  standpoint,  the  correction  should 
be  above  the  general  average  of  8.2  days.     Nine  is  selected  as  a  cor- 
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rection  to  be  added  to   all  monthly  figures.     This   will  be  called  the 
"daily  storage". 

Effect  of  Using  the  Monthly  Basis  on  the  Rest  of  the  Calculation. — 
It  is  found  that  the  storage  required,  on  the  basis  of  the  monthly 
average  figures  which  have  been  used  in  this  and  in  most  prior  in- 
vestigations, gives  too  little  storage  for  periods  ranging  from  0  to  18 
days,  and  averaging  9  days.  The  quantity  of  excess  storage  for  each 
year  within  these  limits  is  a  matter  of  chance.  It  depends  mainly  on 
whetlior  the  storm  that  terminates  the  drought  and  commences  to  re- 
till  the  reservoir  occur?  early  or  late  in  the  calendar  month. 

T.VBLE  2. — Additional  Number  of  Days'  Storage  Keqlired  When 
Daily  Flows  Instf.ad  of  Monthly  Averages  for  the  Manhan 
River  are  Used. 


Year. 

For  Drafts,  in  Gallons  pee  Square  Mile  of  Land  Area  per  Day. 
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11 

lOljfl 

in 

6.8                            7.7 

8.8 

9. .5 

. 

The  effect  of  using  monthly  averages  is  to  introduce  an  accidental 
variation,  growing  out  of  the  method  of  record  and  of  calculation, 
in  addition  to  all  the  natural  variations  that  exist.  As  the  average 
excess,  called  daily  storage,  is  known  approximately  from  the  fore- 
going calculation,  no  large  constant  error  is  to  be  expected  in  the 
corrected  result.  The  fact  of  the  additional  variation  makes  all  the 
monthly  fig^ures  so  much  more  variable,  and  adds  to  the  difficulty  of 
analyzing  them  correctly. 

If  the  matter  of  securing  run-off  data  were  to  be  taken  up  again, 
there  would  be  much  to  be  said   in  favor  of  weekly  averages.     The 
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probable  discrepancy  between  the  required  storage  calculated  from  the 
weekly  averages  and  the  daily  results  would  be  so  small  that  it  could 
be  overlooked.  The  weekly  averages  would  be  easier  of  analysis  than 
the  daily  results,  and  would  serve  all  practical  purposes.  The  weeks 
are  also  all  of  the  same  length,  and  the  slight  errors  introduced  by 
the  fact  that  the  months  are  not  of  the  same  length  would  be  eliminated. 
As  nearly  all  the  data  now  available  are  on  a  monthly  basis,  and  as 
the  daily  records  could  only  be  secured  and  analyzed  with  great  labor 
(and,  in  some  instances,  not  at  all),  this  matter  is  not  open  for  re- 
consideration at  this  time.  Attention  is  called  to  it  with  the  view  of 
raising  the  question  whether  in  future  it  would  not  be  better  to  use 
the  weekly  instead  of  the  monthly  basis.  The  weekly  basis  has  been 
used  always  for  the  record  of  the  flow  of  the  Merrimac  River,  kept  by 
the  Essex  Company  at  Lawrence,  for  the  Connecticut  River  at 
ITolyoke,  and  the  Pequannock  River  by  the  City  of  Newark. 

The  importance  of  making  the  correction  for  daily  results,  when 
monthly  records  are  used  for  the  basis  of  calculation,  will  be  realized 
when  it  is  stated  that  in  most  eases  this  correction  amounts  to  more 
than  the  allowance  for  evaporation. 

Method  of  Least  Squares. — Some  of  the  methods  of  least  squares 
have  been  found  to  be  applicable  to  the  data  of  flows  and  storage.  With- 
out explaining  the  methods  found  in  textbooks,  the  following  funda- 
mental definitions  may  be  given: 

The  "mean"  of  a  series  of  terms  is  the  arithmetical  average  of  all 
the  terms.  The  "median"  is  the  middle  term  of  the  series.  The  "varia- 
tion" of  any  term  is  the  difference  between  that  term  and  the  mean. 
The  "standard  variation"  is  the  square  root  of  the  mean  square  of  the 
variations  of  all  the  terms.  The  "coefiicient  of  variation"  is  the  ratio 
of  the  standard  variation  to  the  mean.  The  "average  variation"  is 
the  arithmetical  average  of  all  the  variations.  The  "probable  error" 
is  that  variation  which  is  exceeded  by  one-half  the  variations,  or  it 
is  the  median  of  the  variations. 

The  standard  variation  and  the  coefficient  of  variation  have  gen- 
erally been  used  as  a  basis  for  calculation.  As  the  tables  of  the  curve 
of  normal  error  are  most  commonly  given  in  terms  of  the  probable 
error,  it  is  often  necessary  to  change  one  to  the  other.  With  data 
following  the  law  of  normal   error,   the  ratios   between   the   standard 


Papers.]     STOHAtiE  TO   BE  J'KOVIDEI)    IN    IMl'OrXDlNG   RESERVOIRS     1979 

variation,  the  average  variation,  and  the  probable  error  are  constant, 

and  are  as  follows: 

Standard  variation 1.000  1.253  1.483 

Average  variation 0.79S  1.000  1.183 

Probable  error 0.6745  0.8453  1.000 

Data  to  Which  This  Method  is  Not  Applicable. — This  method  of 
analysis  camiot  be  applied  safely  to  any  series  of  results  in  which  there 
is  more  than  one  zero.  There  are  many  important  series  of  this  char- 
acter to  be  investigated.  Such  series  include  the  storages  required  to 
maintain  low  rates  of  draft  where,  in  wet  years,  the  natural  flow  does 
not  fall  below  the  assumed  rate  of  draft,  and  when,  therefore,  no 
storage  is  required.  It  also  cannot  be  applied  unless  all  the  terms 
of  the  series  are  available.  For  instance,  good  data  may  be  at  hand 
as  to  the  flow  in  a  certain  number  of  dry  years,  but  without  cor- 
responding data  for  intervening  years  of  average,  or  more  than 
average,  flow.  For  both  these  cases  other  methods  of  handling  the 
data  must  be  found. 

In  cases  of  series  where  there  are  several  zeros,  it  is  possible  to 
get  a  fair  approximation  to  the  standard  variation  by  dividing  the 
difference  between  the  storage  for  the  99%  year  and  the  50%  year, 
as  determined  graphically  from  the  plotting,  by  2.6,  and  to  approxi- 
mate the  mean  storage  by  adding  0.1  of  the  standard  variation  thus 
found  to  the  storage  for  the  50%  year.  Figures  thus  obtained  are 
starred  in  the  tables  which  follow  to  distinguish  them  from  those  found 
by  the  ordinary  arithmetical  procedure.  By  this  approximate  method, 
reliable  values  are  obtained  which  are  needed  to  round  out  the  study 
and  would  not  otherwise  be  available. 

The  adjusted  mean  storage  computed  in  this  way,  of  course,  is 
not  a  true  mean;  but  it  bears  the  relation  to  that  part  of  the  series 
which  is  available  that  the  mean  of  the  whole  series  would  bear  if 
it  were  available.  The  reason  the  mean  obtained  by  averaging  the 
actual  figures  does  not  bear  this  relation  is  that,  if  the  whole  series 
were  available,  some  of  the  terms  would  be  represented  by  negative 
r.uinbers.  These  negative  numbers  cannot  be  computed  and  are  not 
known,  but  the  fact  that  they  would  exist  in  a  theoretically  complete 
series  introduces  a  disturbing  element  if  the  actual  mean  is  used. 

In  Table  3  is  presented  a  concise  summary  of  the  storage  data 
taken  from  Figs.  2  to  21  by  the  foregoing  methods. 
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TABLE  3. — Monthly  Storage  Data  for  Several   Streams. 
(Each  Year  by  Itself.     No  Cumulative  Storage  Included.) 


(I) 


stream. 


(2) 


(3) 


Assumed  Rate 
OP  Draft. 


Gallons 
per  day 

per  square 
mile  of 

land  area. 


As  por- 

tion  of 

mean 

flow. 


(4)  (51 

Storage  Required,  in 
Days'  Flow  at  As- 
suMED  Rate  of 
Draft,  with  Nine 
Days  Added  to 
Monthly  Figurks  to 
Cover  Daily  Fluctu- 
ations. 


Mean. 


In  95%  jear. 


Wachusett,  actual. 


Wachusett,  no  water  area. 


Wachusett,  0.1  sq.  mile  water  area. 


Bear  Creek. 


Catskill  streams. 


CrotOD,  actual . 


Croton,  no  water  area. 


Croton,  0.1  sq.  mile  water  area. 


Gunpowder. 


Hudson +  . 


2(X)000 
400  0(K1 
(iOO  (KX) 
800  000 
1  000  000 

20,1000 
400  000 
600  000 
800  000 

2(K)  000 
40()  Of K) 
000  000 
8CH3  (XK) 

56  000 
75  000 
94  000 
112  000 
150  (XK) 

100  000 
200  000 
400  000 
600  (XM) 
800  (MX) 
1  (XX)  000 

100  0(X) 
200  (-)00 
400  000 
600  000 
800  0(K) 

200  IXK) 
4(X)  OlX) 
600  (X)0 
800  0(K) 
1  000  000 

100  0(X) 
200  (KX) 
4(X)  (KH) 
600  000 
8(X)  000 

2(X)000 
400  (NX) 
(i(H)(XH) 
8(X)  000 

.324  000 
454  000 
648  000 
775  {X)0 
905  (XX) 


0.174 
0.348 
0.521 
0.695 
0.870 

0.176 
0.352 
0.528 
0.704 

0.171 
0.342 
0.513 

0.684 

0.300 
0.4<X) 
0.500 
0.600 
0.800 

0.071 
0.143 
0.286 
0.428 
0.572 
0.715 

0.087 
0.174 
0.348 
0.522 
0.(595 

0.176 
0..352 
0..527 
0.703 

0.870 

0.085 
0.169 
0.;338 
0.507 
0.676 

0.220 
0.439 

0.658 
0.877 

0.285 
0.400 
0.570 
0.684 
0.796 


n* 

40 


88 
1 10 


24* 

68 

82 

23* 
53 
75 
95 

1* 
31 
57 
83 
131 

10* 
31* 
69 
94 
112 
125 

3* 
17* 
44* 
72* 
93 


38* 
71* 
91 

108 

33* 
44* 
64* 

82* 
102 

—10* 

—  5* 

30* 

65 


22* 

47 

63 


46 
89 
126 
157 

187 

17 
71 
112 
145 

88 
111 
141 
165 

32 
68 
100 
127 
193 

29 
60 
117 
153 
174 
190 

40 
69 
124 
154 
178 


115 
154 
175 
200 

110 
130 
150 
174 
193 

9 
62 
100 
147 

36 
71 
106 
129 
152 


*  Adjusted  values  which  have  been  inferred  from  the  line  drawn  to  represent  the  data, 
t  Includes  water  area. 


rapiTS.]     STOHAGE  TO   ItK    TROVl  DHD    IN    IMPOUNDING   RESERVOIRS     1981 


TABLP:  n.— (Continued.) 


(I) 


stream. 


^lanhan. 


Merrimact. 


Neshaminy. 


Perkiomen. 


South  Fork  of  South  Platte. 


South  Platte. 


Sudburj-.  actual. 


Sudbury,  no  water  area. 


Sudbury,  0.1  sq.  mile  water  area. 


Tohickon 


(2) 


(3) 


Assumed  Rate 
OF  Draft. 


Gallons 
per  day 

per  square 
mile  of 

land  area 


2(X)  (XK) 
4(X)0(X) 
600  000 
800  000 
1000  000 

2.59  000 
3HH()00 
519  000 
()4<>000 
842  000 

100  000 
20<J0(X) 
400  000 
600  (KX) 
800  (XX) 
1  000  000 

200  000 
400  000 
600  000 
800  (X)0 
1  000  (XJO 

7200 
16  200 
25  0(X) 
34  000 
43  000 

18  000 
30  000 
42  000 
54  000 

100  000 
200  000 
400  000 
600  000 
8(X)000 
1000  000 

200  000 
4(X)000 
6(H)  0(X) 
8(X)(XX) 

1(K)0(X) 
2(X)  (XK) 
4(X)  (MX) 
6(X)000 
8(X)0(X) 

100  000 
200  000 
400  (XX) 
600  000 
800  OOf) 
1000  000 


As  por- 
tion of 
mean 
flow. 


0.152 
0.304 
0.455 
0.607 
0.760 

O.S.'U 

o.:wi 

0.509 
0.634 
0.826 

0.092 
0.184 
0.3(i9 
0.554 
0.738 
0.924 

0.185 
0.370 
0.555 
0.740 
0.926 

0.136 
0.305 
0.475 
0.()45 
0.815 

0.240 
0.400 
0.560 
0.720 

0.091 
0.183 
0.366 
0.548 
0.732 
0.915 

0.184 
0.3()8 
0.55:i 
0.7:^6 

0.090 
0.180 
0.:i59 
0.5;« 
0.718 

0.076 
0.152 
0.305 
0.4.58 
0.610 
0.764 


(4)  (5) 

Storage  Reijuired,  in 
Days"  Flow  at  As 
suMED  Rate  of 
Draft,  with  Nine 
Days  Added  to 
Monthly  Figtres  to 
Cover  Daily  Fluctu 

ATIONS. 


Mean. 


10* 

'SH* 

61 

82 

99 

6* 
16* 
47 
67 
97 

12* 
32* 
56* 
84 

104 

122 

—2* 

43* 
70 
91 
112 

36* 

66 

90 
119 
141 

18* 
45 
70 
92 

9* 
31* 
73 

101 

122 

139 

16* 

63 

94 

117 

56* 
67* 
95 

116 

182 

13* 

42* 

69 

87 
100 
115 


In! 


83 
99 
132 

165 
186 

17 
66 
100 
132 
175 

59 
90 
130 
160 
190 
214 

.59 
109 
141 
169 
192 

94 
i:« 
181 
219 
246 

4:3 
96 
146 
175 

28 
59 
125 
l(i4 
192 
215 

42 
114 

157 

188 

139 
124 

159 
187 
205 

79 
99 
130 
160 
178 
193 


(6) 


.5  « 
«5 


w 


13.1* 
35.6* 
41.5 

48.1 
51.8 

6.7* 
2!).  3* 
30.2 
37.2 
44.3 

27.0* 

34.()* 

43.1 

44.0 

48.8 

53.0 

315.5* 

38.5* 

40.2 

44.1 

45.5 

33.2* 

37.2 

52.5 

57.4 

60.3 

13.8* 

26.1 

35.7 

40.8 

10.8* 

16.0* 

30.7 

37.3 

40.4 

43.2 

15.0* 
28.8 
36.0 
40.8 

46.4* 

82.7* 

37.3 

41.4 

42.7 

38.5* 

32.7* 

35.6 

42.8 

44.4 

44.7 


*  Adjusted  values  which  have  been  inferred  from  the  line  drawn  to  represent  the  data. 
+  Includes  water  area. 
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The  figxires  in  Table  3  have  been  plotted,  fonning  three  diagrams. 
The  assumed  rate  of  draft,  as  a  fraction  of  the  mean  flow,  as  shown 
in  Column  3,  is  used  as  a  base  for  each.  In  Fig.  22  are  plotted  the 
figures  in  Column  4,  showing  the  mean  storage  required  in  days' 
flow  for  each  of  the  streams.  In  Fig.  23  the  figures  in  Column  5  are 
plotted,  showing  the  storage  required  in  a  95%  dry  year,  and  Fig.  24 
shows  the  figures  in  Column  6  for  standard  variation  in  days'  storage. 
In  plotting  these  results,  the  corrected  figures  for  no  water  surface 
for  the  Sudbury,  Croton,  and  Wachusett  are  used,  as  being,  on  the 
whole,  most  suitable  for  this  purpose. 

It  is  seen  by  inspection  of  Figs.  22  and  23  that  the  number  of  days" 
storage  required  in  different  streams  varies  considerably,  but  the  lines 
representing  the  required  storage  at  different  rates  of  draft  are  rather 
strikingly  parallel  with  each  other.  In  other  words,  an  increased  rate 
of  draft  requires  nearly  the  same  increase  in  the  quantity  of  storage 
on  all  the  streams.     This  is  shown  further  in  Tables  4,  5,  and  6. 

TABLE  4. — Difference  Between  the  Average  Number  of  Days' 
Storage  Kequired  at  Several  Rates  of  Draft,  and  the  Storage 
Required  for  50%  of  the  Mean  Flow  for  Different  Streams 
for  the  Mean  Year. 


stream. 

Number 
of  years 
in  record. 

Difference  Between  Required  Storage  and 
Storage  at  50  Per  Cent. 

0.20 
use. 

0.30 
use. 

0.40 
use. 

0.60 
use. 

0.70 
use. 

0.80 
use. 

11 
17 
45 
29 
23 
14 
23 
25 
25 
11 
8 
22 
25 
15 

"57 
55 

"48 
45 
42 
60 
46 
29 
66 
41 
44 

56 
31 
38 

"27 
30 
35 
28 
36 
29 
32 
40 
23 
34 

26 
14 

19 

"i-i 

14 
25 
15 
15 
15 
15 
18 
11 
20 

26 
11 
13 
16 
15 
14 
16 
13 
13 
17 
15 
14 
8 
15 

50 
21 
25 
32 
29 
25 
32 
24 
25 
32 
29 
26 
18 
28 

74 

Catskill 

30 

36 

48 

41 

36 

48 

34 

Perkiomen 

36 

45 

Sotith  Platte 

46 

38 

27 

Wachusett 

42 

293 

51.1 

33.5 

17.0 

14.1 

27.2 

39.4 

Table  7  shows  the  number  of  days'  storage  required  to  maintain 
a  50%  draft  in  an  average  year  and  in  a  95%  dry  year,  and  the  addi- 
tional quantity  required  for  the  latter  over  the  former. 
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u.a        (1.1  0.5         o.( 

Portion  of  Mean  Flow  Used 
Fig.    22. 


1984    STORAGE  TO  BE  PROVIDED  IN  IMPOUNDING  RESERVOIRS     [Papers. 


0.1        0.2        0.3        0.4        0..5 

Portion  of  Mean  Flow  Used 

Fig.  23. 
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S'tandard  Variations  in  Days  Storage 

'S  ^ 
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TABLE  5. — Difference  Between  the  Average  Number  of  Days' 
Storage  Required  at  Several  Rates  of  Draft^  and  the  Storage 
Required  for  50%  of  the  Mean  Flow  for  Several  Streams,  for 
THE  95%  Dry  Year, 


stream. 


Number 
of  years 
in  record. 


Difference  Between  Required  Storage  and 
Storage  at  50  Per  Cent. 


0.30 
use. 


0.30 
use. 


0.40 
use. 


0.60 
use. 


0.70 
use. 


0.80 
use. 


Bear  Creek 

Catskill 

Croton 

Gunpowder 

Hudson 

Manhan 

Merrimac 

Neshaminy 

Perkiomen 

South  Fork 

South  Platte 

Sudbury 

Tohickon 

Wachusett 

Weighted  average 


293 


100 
81 
92 
68 
81 
89 
98 
58 
70 
77 
98 
96 
57 
82 


49.6 


22.0 


18.2 


85.2 


TABLE  6. — Standard  Variations  in  Storage  in  Terms  of  Days'  Flow 
FOR  Several  Streams  at  Various  Rates  of  Draft. 


Number 
of  years 
in  record. 

Standard  Variation  in  Days'  Flow. 

stream. 

0.20 
use. 

0.30 
use. 

0.40 
use. 

0.50 
use. 

0.60 
use. 

0.70 
use. 

0.80 
use. 

11 
17 
45 
29 
23 
14 
23 
25 
25 
11 
8 
22 
25 
15 

"'21 

28 

9 

"26 

"35 
37 
35 
12 
16 
34 
8 

18 
28 
38 
23 
18 
35 
15 
40 
38 
37 
19 
24 
35 
21 

21 
33 
45 
36 
28 
39 
39 
43 
39 
46 
36 
30 
40 
38 

24 
35 
47 
40 
32 
43 
30 
44 
40 
53 
32 
34 
42 
30 

26 
37 
48 
41 
35 
48 
35 
46 
41 
56 
37 
37 
44 
33 

31 

38 
49 
42 
39 
50 
40 
48 
43 
58 
40 
40 
45 
36 

35 

Catskill 

39 

50 

45 

43 

53 

Merrimac 

43 

50 

44 

South  Fork 

60 

South  Platte 

38 

42 

45 

Wachusett 

39 

Weighted  average. 

293 

24.4 

29.0 

36.0 

38.0 

41.1 

43.2 

45.3 

Normal  Storage  Diagram. — The  data  in  Tables  4  to  7  may  be 
combined  to  form  a  composite  storage  curve  representing  all  the  data. 
The    variations    in    the    several    cases    do    not    differ    widely,    but    the 
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absolute  quantities  do,  depending  on  natural  storage  and  other  con- 
ditions which  are  not  the  same  for  different  streams.  The  composite 
curve  may  be  an  average  or  an  inclusive  one.  The  latter  is  selected, 
and  100  days'  storage  for  a  use  equal  to  50%  of  the  norrfial  flow  is 
taken  as  the  starting  point.  This  covers  all  but  one  of  the  figures  in 
Table  7,  and  is  within  the  probable  error  of  that  one.  The  exact  value 
taken  is  of  no  particular  significance,  as  will  appear  as  the  method 
of  use  is  developed.  In  a  95%  dry  year  the  normal  storage  (Table  7) 
will  be  68  days  more  than  this,  or  168  days.  Adding  or  subtracting 
the  normal  differences  shown  in  Tables  4  and  5,  gives  the  figures  in 

'J^'ible  8.  .^^^  r. 

TABLE  7. 


stream. 

Number  of 
years. 

Number  of  Days'  Storage  Required  to 
Maintain  Flow  Equal  to  50%  of  Normal. 

Mean. 

95%  year. 

Difference. 

11 
17 
45 
29 
23 
14 
23 
25 
11 
8 
22 
25 
15 

57 
103 
66 
5 
36 
67 
45 
62 
94 
60 
86 
91 
53 

100 

163 

148 

72 

91 

142 

98 

132 

186 

127 

144 

165 

106 

43 

Catskill 

60 

82 

67 

55 

Manhan 

Merrimac 

75 
53 

Neshaminy 

70 

South  Fork  

92 

South  Platte 

67 

Sudbury  

58 

Tohickon 

74 

Wachusett 

53 

293 

68 

TABLE  8. 


Portion  which  use  is 

Normal  days'  storage 

Normal  days'  storage 

of  mean  flow. 

in  average  year. 

in  959  0  dry  year. 

0.10 

(27) 

(50) 

0.20 

49 

88 

0.30 

67 

119 

0.40 

84 

145 

0.50 

100 

163 

0.60 

114 

186 

0.70 

127 

203 

0.80 

139 

219 

0.90 

(150) 

(233) 

1.00 

(160) 

(246) 

The  figures  in  Table  8  are  plotted  on  probability  paper  (Fig.  25). 
The  figures  for  the  mean  year  are  plotted  on  the  54%  line, 
instead      of      the      50%      line,      because      investigation      shows      that 
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Storage,  in  Days. 
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about  54%  of  all  the  terms  are  less  than  the  mean.  From  this 
diagram  the  n\imber  of  days'  storage  required  to  maintain  the 
several  assumed  rates  of  flow  in  years  of  other  degrees  of  dry- 
ness may  be  taken.  Values  thus  found  have  been  used  in  plot- 
ting Fig.  26,  which  shows  the  normal  inclusive  quantity  of  storage 
required  to  maintain  various  rates  of  draft,  in  years  of  different  degrees 
of  drj-ness.  This  diagram,  from  the  method  of  its  construction,  is 
above  all  but  a  few  individual  results. 

0.0       0.6      0.7    0.8  0.9  1.0 


Fig.   2G. 

The  quantity,  as  shown  by  the  records  of  various  streams,  by  which 
the  storage  actually  required  falls  below  the  normal  storage  diagram 
at  various  i)oints  may  be  found.  Table  9  shows  the  quantity  that  they 
fall  below  in  a  95%  dry  year,  and  Fig.  27  shows  the  difference 
graphically. 
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If  the  normal  storage  diagram  applied  strictly  to  all  the  records, 
the  figures  for  Table  9  for  each  stream  at  different  rates  of  draft 
would  be  constant.  This  is  only  approximately  the  case.  The  varia- 
tions represent,  in  part,  accidental  variations  of  the  kind  that  would 
be  found  in  different  parts  of  a  very  long  record  of  one  stream,  and, 
in  part,  actual  difference  in  conditions  in  the  different  catchment  areas, 
and  in  their  climates  and  conditions  of  natural  storage,  which  tend  to 
modify   the   values   of   the   normal   storage   diagram.      The   accidental 
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0.7 


0.8 


0.9 


QUANTITIES  WHICH  ACTUAL  STORAGES  ARE  LESS  THAN 

NORMAL  STORAGES 

Showing  effect  of  ground-water  storage  and 

Other  conditions  peculiar  to  the  several  areas. 

Pig.  27. 

variations  are  considerable.  Some  of  the  most  striking  variations 
are  in  the  short-term  records,  and  these  are  to  be  considered  as  mainly 
accidental.  The  long-term  records  usually  show  smaller  variations. 
However,  the  three  Philadelphia  streams.  Neshaminy,  Perkiomen,  and 
Tohickon,  show  a  well-defined  tendency  to  require  a  greater  relative 
quantity  of  storage  for  low  rates  of  draft.  This  may  indicate  a  greater 
summer  evaporation  and  a  smaller  summer  run-off,  or  some  variation 
in  seasonal  distribution  of  rainfall.     On  the  other  hand,  the  Merrimac 
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requires  less  relative  storage  for  low  rates  of  draft.  This  may  be 
accounted  for  in  part  by  the  natural  lakes  on  this  river,  which  modify 
the  conditions  of  run-ori"  by  the  added  evaporation  from  the  water 
surface,  and  increase  the  flow  by  natural  storage  in  the  lakes,  which 
iiurinally  runs  out  gradually  during  the  summer  with  falling  lake  level, 
and  ti^'iids  Xu  maintain  the  How. 

TAIJLK  9. — Quantity  that  the  Actual  Monthly  Storage  (Corrfxted 
FOR  Daily  Storage)  is  Less  than  the  Normal  Storage  Diagram, 
IN  Days'  Storage  for  Several  Streams  and  Rates  of  Draft. 

95%  Dry  Year. 


Number 
of  years 

m 
record. 

Difference  Between  Actual  Required  Storage 
AND  Normal  Storage  Diagram. 

0.20    ;    0.30 
use.        use. 

0.40 
use. 

0.50 
use. 

0.60 
use. 

0.70 
use. 

0.80 
use. 

Aver- 
age. 

Bear  Creek 

Catskill 

11 
17 
45 
29 

14 
2:^ 
25 
25 
11 
8 
22 
25 
15 

....             87 
4          —  2 

78 

-1 

18 

91 

73 

24 

73 

9 

29 

—  16 

48 

22 

—  4 

62 

68 

4 

19 

93 

75 

25 

70 

15 

34 

—  19 

39 

21 

2 

62 

59 
9 
23 
95 
74 
22 
63 
19 
38 
—  24 

a3 

21 

9 

61 

43 
15 
28 
94 
71 
25 
56 
19 
40 
-25 
32 
21 
16 
59 

20 

"88 
67 
27 
50 

"43 

"33 

20 

64 
5 

Croton 

Gunpowder 

29 

85 

"ai 

—  G 

24 

—  22 

"46 

-22 
63 

21 
88 
78 
21 
&4 

26 

—  12 
55 
29 

—  10 
62 

23 

91 
73 

Manhan  

Merrimac 

Neshaminy 

Perkiomen 

South  Fork 

South  Platte  — 

25 
66 
10 
33 
—  20 
40 
25 

Tohickon 

Wachusett 

2 

61 

The  area  of  water  surface  makes  a  substantial  difference  in  the 
required  storage  for  the  lower  rates  of  draft,  but  much  less  difference 
relatively  for  the  higher  rates.  This  is  illustrated  by  Fig.  28,  which 
shows  the  storage  data  for  the  Croton  River,  using  the  flows  as  they 
naturally  occurred,  as  corrected  to  represent  an  area  with  no  water,  and 
as  computed  for  one  part  of  water  area  for  each  ten  parts  of  land  area, 
the  values  for  this  plotting  being  taken  from  Table  3. 

Summary  as  to  Monthly  and  Daily  Storage,  Excluding  Annual 
Storage. — The  foregoing  studies  relating  to  the  storage  required  to 
maintain  flows  through  one  year,  and  excluding  all  consideration  of 
cumulative  storage,  show  that,  after  due  allowance  is  made  for  the 
constantly  recurring  fluctuations,  depending  on  rainfall  and  other 
conditions,  to  analyze  which  no  attempt  is  made,  there  remains  a 
fairly  definite  and  simple  relation  between  the  draft  and  the  required 
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storage.  There  is  also  a  fairly  deiiiiite  and  simple  relation  between 
the  available  supplies  in  years  of  different  degrees  of  dryness  and  the 
frequency  of  the  recurrence  of  such  years.  These  relations  may  be 
expressed  in  a  normal  storage  diagram  which  shows  the  storages  in 
terms  of  days'  draft.  The  storages  thus  shown  are  greater  than  those 
actually  required  on  any  particular  stream  by  a  number  of  days  which 
is  nearly  constant  for  that  stream,  but  varies  considerably  for  different 
streams,  as  it  depends  on  the  natural  storage  on  the  catchment  area, 
and  other  physical  conditions  of  that  stream. 


Portion  of  Mean  Flow  Used 
Fig.   28. 


This  nearly  constant  quantity  can  be  estimated  from  the  records 
of  a  relatively  short  term  of  years  by  finding  the  mean  storages  re- 
quired to  maintain  one  or  more  assumed  rates  of  draft  and  subtracting 
these  from  the  normal  storages   for   the   same  rates  of  draft  for  an 
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average  year.  This  dili'erenee  (or  the  average  of  several  of  them)  sub- 
tracted from  the  normal  storage  diagram  will  give  a  fair  estimate  of 
the  storage  required  under  various  conditions  for  that  stream,  and  is 
probably  more  accurate  than  can  be  made  from  any  but  the  longest 
and  most  carefully  kept  records  of  flow  for  that  particular  stream. 

As  TO  THE  Application  of  the  Normal  Law  of  Error 
TO  Flow  and  Storage  Data. 

Discussion  of  this  point  has  been  deferred  until  the  data  represented 
by  Figs.  2  to  21,  inclusive,  could  be  presented.  A  study  of  these  dia- 
grams gives  an  indication  of  the  extent  to  which  the  data  can  be 
analyzed  in  this  way.  If  the  normal  law  of  error  applied  strictly,  the 
results  for  each  series  would  all  be  found  in  one  straight  line.  That, 
of  course,  is  practically  impossible.  A  reasonable  approach  to  a  straight 
line  indicates  that  the  data  follow  the  law  approximately.  In  the  cases 
of  the  longest  continued  records,  the  plotted  points  correspond  well 
with  the  lines  drawn  to  represent  normal  conditions.  In  the  records 
covering  shorter  periods  there  are  wider  fluctuations,  owing  to  the 
fact  that  the  terms  of  the  series  are  not  numerous  enough  to  have 
tilled  in  all  the  intermediate  and  extreme  values  that  would  be  found 
in  a  long  series.  In  general,  the  longer  the  period  of  record  the  more 
closely  do  the  results  permit  of  plotting  in  a  direct  line. 

To  test  the  matter  further,  two  combination  series  of  results  were 
prepared,  showing  the  variations  in  terms  of  the  standard  variation  for 
each  series,  first,  of  the  annual  flows  of  each  stream  for  the  300  years, 
shown  in  Plate  XCVI;  second,  the  quantities  of  storage,  similarly 
arranged,  required  to  maintain  drafts  of  600  000  and  800  000  gal., 
respectively,  per  square  mile  of  land  area  for  each  of  the  streams  for 
which  these  figures  were  available.  A  summary  of  the  results  of  these 
two  series  is  given  in  Table  10. 

The  figures  of  Table  10  are  plotted  in  Fig.  29.  The  two  series 
correspond  well,  and  a  single  line  is  drawn  to  represent  both.  No 
significance  is  attached  to  the  fact  that  the  two  correspond;  this  is 
considered  to  be  purely  accidental.  The  line  representing  these 
results  is  a  direct  line,  but  not  a  straight  one.  Most  of  the  results  of 
each  series  are  below  the  mean;  and  the  variations  upward,  though 
less  numerous,  are  greater  in  magnitude  than  the  variations  down- 
ward.    The  results  may  be  combined  further,  as  in  Table  11. 


1994    STORAGE  TO  BE   PROVIDED  IN   IMPOUNDING  RESERVOIRS     [Papers. 

TABLE  10. 


(I) 

( 

2) 

(3) 

(4) 

300  Terms 

IN  Series 

402  Terms  in  Series 

Together : 

Actual 

variation, 
in  terms 

OP  Annual  Flow. 

OF  Required  Storage. 

703  Terms. 

of  the 

Number 

Number 

Number 

standard 
variation. 

below  limit 

in 
Column  1. 

Percentage. 

below  limit 

in 
Column  1. 

Percentage. 

below  limit 

in 
Column  1. 

Per- 
centage. 

-  2.5 

0 

1 

0.2 

1 

0.14 

-  3.0 

0 

3 

0.7 

3 

0.4 

-  1.5 

7 

3.3 

15 

3.7 

33 

3.1 

—  1.0 

56 

18.7 

68 

17.0 

124 

17.7 

-  0.5 

104 

34.6 

138 

34.3 

243 

34.4 

Mean 

163 

54.3 

229 

57.1 

392 

55.8 

+  0.5 

21 S 

73.7 

275 

68.4 

493 

70.2 

+  1.0 

246 

83.0 

327 

81.3 

573 

81.6 

+  1.5 

373 

91.0 

367 

91.2 

640 

91.2 

+  2.0 

388 

96.0 

391 

97.3 

679 

96.7 

+  2.5 

295 

98.3 

401 

99.8 

696 

99.14 

+  3.0 

399 

99.7 

402 

701 

99.86 

+  3.5 

300 

100.0 

702 

TABLE  11. 


Range  in  standard 
variations. 

Percentage  of  Terms  Outside  Range. 

Below. 

Above. 

Total. 

Computed  to  follow 
normal  law  of  error. 

0 

0-0.5C 
0-1. OC 
0—1. 5C 
0  — 3.0C 
0-2.5C 
0  — 3.0C 

55.8 
34.4 
17.7 
3.1 
0.4 
0.14 
0.0 

44.2 
29.8 
18.4 
8.8 
3.3 
0.86 
0.14 

100.0 
64.3 
.36.1 
11.9 
3.7 
1.00 
0.14 

100.0 

61.8 

31.7 

13.4 

4.6 

1.26 

0.37 

In  Table  11  the  computed  and  actual  variations  have  been  com- 
pared. It  is  seen  that  the  range  in  combined  upward  and  down- 
ward variations  agrees  as  closely  as  could  be  expected  with  the  range 
computed  from  the  normal  law  of  error.  The  variations  upward  and 
downward,  taken  sepai'ately,  are  not  equal.  In  other  words,  we  have 
to  deal  with  what  is  called  a  skew  curve  on  probability  paper.  Both 
ends  of  this  skew  curve  seem  to  be  nearly  straight,  with  a  connect- 
ing curve.  In  drawing  the  curves  for  Figs.  2  to  21,  inclusive,  the 
ratios  in  Table  12,  obtained  from  the  line  in  Fig.  29,  were  used. 
Straight  lines  were  used  to  connect  these  points.  No  special  signifi- 
cance is  attached  to  these  figures.  Other  figures,  differing,  more  or 
less,  from  them,  would  be  found  from  other  similar  data.     The  im- 
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Flow 


Standard  Variations. 
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portant  point  is  that  data  of  this  kind  plotted  on  probability  paper 
are  close  to  a  line  which  is  direct  and  nearly  straight  at  the  ends, 
and  when  points  are  thus  plotted  and  a  line  is  drawn  to  represent 
them,  by  the  graphical  method  herein  used,  it  will  represent  the  data 
and  the  probability  of  recurrence  of  certain  values  with  as  much 
accuracy  as  can  be  now  expected. 

TABLE  12. 


Percentage  of  results  smaller  than 
limit. 

Actual  variation  in  terms  of  the 
standard  variation. 

1 
20 
50 
99 

—  1.83 

—  0.88 

—  0.10 

+  2.50 

Much  more  numerous  data,  covering  many  times  longer  periods, 
would  be  required  to  settle  finally  whether  the  law  of  error,  as  used 
in  this  way,  is  strictly  applicable  to  long-term  records. 

It  is  clear  that,  using  the  normal  law  of  error  in  a  graphical  way, 
with  probability  paper,  eliminates  errors  growing  out  of  the  unequal 
variation  above  and  below  the  mean,  which  would  result  from  con- 
sideration of  the  data  by  arithmetical  methods. 

Although  the  evidence  at  hand  is  not  conclusive  that  the  method 
used  is  rigorously  applicable  to  longer  terms,  and  from  the  nature 
of  the  case  it  cannot  be,  it  may  be  stated  that,  as  far  as  the  data 
go,  the  agreement  is  satisfactory,  and  the  basis  may  be  accepted  as 
representing  the  conditions  likely  to  occur  during  a  long  term  of 
years  with  a  smaller  probable  error  than  would  result  by  any  other 
procedure  now  available. 

Storage  Required  to  Equalize  Variations  in  Annual  Flows. 

The  discussion  thus  far  has  related  to  the  storage  required  to  equal- 
ize the  flow  during  the  months  and  days  of  any  one  year.  With  the 
eastern  streams  investigated,  the  annual  flow  will  fall  to  75%  or  less, 
of  the  mean  annual  flow,  once  in  10  years,  on  an  average,  and  to 
55%  of  the  normal,  or  less,  once  in  100  years.  With  western  streams, 
the  range  is  greater.  It  is  possible,  by  storage,  to  use  more  water 
at  all  times  than  flows  in  a  dry  year,  but  to  do  this  it  is  necessary 
to  carry  water  over  from  wet  years  to  make  it  available  in  dry  ones. 
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In  the  following  paragraphs  "annual  flow"  means  the  average  of 
observations  during  a  period  of  one  year,  stated  either  in  millions 
of  gallons  per  day.  or  cubic  feet  per  second  per  square  mile,  or  as  a 
fraction  of  the  mean  annual  flow.  "Mean  annual  floV  is  the  average 
of  the  annual  flows  for  the  whole  record  period. 

On  Plate  XCVI  are  plotted  the  relative  annual  flows  of  fourteen 
streams,  the  records  of  which  have  been  combined  into  a  single 
series  of  300  years.  As  the  mean  annual  flows  for  the  several  streams 
are  different,  the  figures  for  each  have  been  taken  as  the  ratio  of 
the  aiiiuial  flow  for  each  year  to  the  mean  annual  flow  for  that  stream. 

The  coefficient  of  variation  for  the  annual  flows  has  been  com- 
puted separately  for  each  stream,  and  the  figures  are  entered  at  the 
top  of  the  diagram.  The  records  of  the  several  streams  are  placed  in 
the  order  of  the  coefficients  of  variation,  beginning  with  the  Hudson, 
which  has  the  lowest,  and  ending  with  the  South  Fork  of  the  South 
Platte,  which  has  the  highest. 

It  is  obvious  that  the  storage  required  to  balance  annual  fluctu- 
ations in  flow  will  increase  with  the  coefficient  of  variation  for  the 
mean  annual  flows.  It  is  not  unlikely  that  the  coefficient  of  variation 
may  be  used  as  a  basis  for  measuring  the  storage  in  such  a  way  that 
the  results  will  be  general,  and  will  apply  equally  to  all  the  streams 
within  the  range  coverfed  by  this  study. 

It  is  believed  that  the  top  part  of  the  area  included  by  the 
curve  of  flow,  as  plotted  in  the  lower  portion  of  the  diagram,  Plate 
XCVI,  that  being  taken  broad  enough  to  cover  all  the  variations 
that  occur,  is  the  only  part  that  needs  consideration ;  and  that  the 
lower  part,  below  the  minimum  annual  flow,  goes  forward,  in  any 
event,  with  regularity  through  all  years,  and  requires  no  storage  to 
maintain  it  from  year  to  year.  Increasing  or  decreasing  the  quantity 
of  this  constant  lower  part  has  practically  the  effect  of  decreasing 
or  increasing  the  coefficient  of  variation,  but  is  without  effect  on 
the  standard  variation.  With  this  condition  in  mind,  the  unit  of 
storage  was  selected  as  the  standard  variation  in  annual  flow.  This 
is  obtained  directly  from  the  records  of  annual  flows,  or  otherwise 
by  multiplying  the  mean  annual  flow  by  the  coefficient  of  variation. 

The  rate  of  draft  must  also  be  expressed  in  a  form  in  which  the 
coefficient  of  variation  will  be  an  element.  .  The  method  selected  was 
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to  compute  the  storage  required  for  drafts  equal  to  the  mean  annual 
flow,  less  a  certain  part  of  a  "standard  variation".  These  may  be 
represented  conveniently  by  the  formula: 

Mean  Annual  Flow  X   [1  —  «  X   (Coefficient  of  Variation)]. 

Method  of  Calculating  Annual  Storage. — The  calculation  is  carried 
out  by  assuming  an  indefinitely  large  reservoir,  full  at  the  beginning 
of  the  record  period,  with  a  constant  assumed  rate  of  draft  from  it, 
and  finding  the  depletion,  if  any,  at  the  end  of  the  first  year,  with 
the  flows  occurring  as  shown  by  the  records,  and  at  the  end  of  the 
second  year,  and  of  every  year  for  the  whole  period.  In  carrying  this 
out,  monthly  flows  are  disregarded;  only  mean  annual  flows  are  taken 
into  account. 

The  rate  of  draft  corresponding  to  the  mean  annual  flow  less  0.4, 
0.6,  0.8,  1.0,  1.2,  and  1.5  standard  variation  in  annual  flow,  and  also 
the  value  of  one  unit  of  storage,  is  calculated  for  each  stream  sepa- 
rately, and  these  are  used  in  examining  the  terms  in  the  series  derived 
from  the  record  of  that  stream.  The  required  storage,  that  is  to  say, 
the  computed  depletion  of  an  indefinitely  large  reservoir  at  the  end 
of  each  year,  is  then  stated  in  units  of  storage.  When  deficiency  of 
storage  is  indicated  at  the  end  of  any  of  the  subdivisions  of  the 
whole  series  corresponding  to  the  records  of  one  stream,  it  is  carried 
forward  into  the  record  of  the  following  stream  until  the  reservoir 
would  have  refilled. 

The  quantities  of  storage,  computed  in  this  way  for  each  yea.r  in 
the  300-year  series  for  each  of  the  six  assumed  relative  rates  of  draft, 
are  shown  graphically  on  Plate  XCVI.  This  plotting  gives  a  good 
idea  of  the  periods  and  of  the  relative  quantities  of  depletion  at  the 
several  rates  of  draft  in  different  parts  of  the  whole  series,  but  it  is 
on  too  small  a  scale  to  be  used  as  a  basis  of  further  calculation,  and 
the  actual  figures  from  which  it  was  made  are  used  for  that  purpose. 

It  is  interesting  to  note  that  the  dry  periods  on  the  Sudbury  and 
on  the  Croton  River,  when  computed  in  this  way,  show  svibstantially 
equal  quantities  of  depletion,  but  that  the  Waehusett  and  Pequannock 
records,  taken  together,  show  a  period  of  depletion  fully  equal  to 
these,  and  the  Gunpowder  and  South  Platte  records,  taken  together, 
a  depletion  only  slightly  less,  thus  indicating,  as  far  as  these  data 
go,    that    storages    as    great   relatively    as   those    required    at   the    dry 
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tinios  about  ISSO  for  the  Croton  niid  Sudhnry  iiuiy  bo  expected  to 
reour  from  time  to  time  in  other  s^treams. 

The  plottinps  also  indicate  that  the  method  of  briiijoring:  the  co- 
efficient of  variation  into  the  calculation  has  practically  accomplished 
the  desired -purpose  of  arranging  all  the  records  so  that  the  computed 
number  of  storage  imits  do  not  differ,  or  at  least  do  not  differ  widely, 
for  streams  having  high  coefficients  of  variation,  and  for  those  having 
low  ones.  In  other  words,  the  depletion  for  the  various  relative  drafts 
is  about  as  high  at  one  end  of  the  diagram  as  at  the  other.  If  the 
adjustments  were  not  fairly  well  made,  there  would  be  an  excess  of 
storage  indicated  at  one  of  the  ends. 

On  Plate  XCVII  are  plotted,  for  each  of  the  six  rates  of  draft,  the 
figures  representing  the  cumulative  number  of  storage  units  at  the 
end  of  each  of  the  300  years,  or  as  many  of  them  as  show  depletion, 
arranged  in  the  order  of  their  magnitude,  and  lines  have  been  drawn 
to  represent,  as  nearly  as  possible,  the  normals  for  each  series.  This 
plotting  is  made  on  probability  paper.  The  lines  drawn  to  represent 
the  data  are  straight,  and  the  deviations  of  individual  points  from 
them  are  small.     From  this  diagram  the  values  in  Table  13  are  taken. 

TABLE  13. — Annual  Storage,  in  Units  of  Standard  Variation  in 
Annual  Flow,  Eequired  to  Balance  Annual  Fluctuations  in 
Stream  Flow  with  Various  Rates  of  Draft. 


Relative  rate 

80% 

90% 

95% 

98% 

99% 

of  draft. 

dry  year. 

dry  year. 

dry  year. 

dry  year. 

dry  year. 

1  —  0.4C 

1.40 

2.01 

2.. 52 

3.10 

3.48 

1  —  0.6C 

0.75 

1.21 

1..50 

2.02 

2.31 

1  —  0.8C 

0.30 

0.<i5 

(1.95 

1.28 

1.49 

1  —  l.OC 

0.04 

0.31 

n.55 

0.81 

0.97 

1  —  1.2C 

0.07 

0.27 

0.47 

0.62 

1  —  1.5C 

0.0() 

0.19 

0.31 

In  Table  13A  the  coefficient  of  variation  of  mean  annual  flow  has 
been  determined  from  certain  other  streams  for  which  run-off  records 
are  available,  for  the  purpose  of  getting  a  somewhat  broader  basis 
for  forming  a  judgment  of  the  probable  coefficient  of  variation  for 
other  streams.  Xo  effort  has  been  made  to  secure  completeness  in 
this  table,  wliich  has  only  been  extended  to  cover  certain  data  readily 
available,  mostly  from  records  of  the  U.  S.  Geological  Survey. 

Final  Arrangement  of  Annual  Storage. — The  data  of  Table  13 
have  been  replotted  in  Fig.  30,  lines  being  drawn  for  years  of  each  of 
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the  five  degrees  of  dryness  used  in  the  calculation,  showing  the  quan- 
tities of  annual  depletion  to  be  anticipated,  plotted  on  a  base  of  the 
relative  rates  of  draft. .  This  diagram  can  be  used  conveniently  in 
computing  the  probable  annual  storage  required  for  a  given  stream. 

TABLE  13A. 


Stream. 


Kennebec  River,  Waterville,  Me 

Androscoggin  River.  Rumford  Falls,  Me 

Cobbossecontec  Pond,  Gardiner,  Me 

Mystic  Lake.  Mass 

Connecticut  River,  Hartford,  Conn 

Connecticut  River,'Holyoke,  Mass 

Passaic  River,  Dundee  Dam 

Susquehanna  River,  Harrisburg,  Pa 

Potomac  River,  Point  of  Rocks,  Md 

Yadkin  River,  Salisbury,  N.  C 

Ocmulgee  River,  Macon.  Ga 

Savannah  River,  Augusta,  Ga 

Ohio  River,  Wheeling,  W.  Va 

Tennessee  River,  Chattanooga,  Tenn 

Kansas  River,  Lawrence,  Kans 

Republican  River,  Junction,  Kans 

Arkansas  River,  Cafion,  Colo 

Rio  Grande,  Del  Norte,  Colo 

Bear  River,  CoUinston.  Utah 

Provo,  Provo  CaSon,  Utah 

Mill  Creek.  Salt  Lake  City,  Utah 

Parley's  Creek,  Salt  Lake  City,  Utah 

City  Creek,  Salt  Lake  City,  tftah 

Humboldt  River,  Elko,  Nev 

Tuolumne  River,  La  Grange,  Colo 

Columbia  River,  Dalles,  Ore 

Willamette  River,  Albany,  Ore 


Catchment 

area, 

in  square 

miles. 


4  270 

2  220 

240 

27 

10  234 

8  660 
822 

24  00(J 

9  650 


2  425 
7  294 

23  800 
22  418 
58  550 

25  837 

3  060 

1  400 
6  000 

640 

21 
50 
19 

2  840 
1  501 

237  000 

4  860 


Years 

in  record 

period. 


CoefHcient 

of  variation 

in  annual 

flow. 


0.26 
0.16 
0.25 
0.28 
0.15 

0.21 
0.21 
0.16 
0.33 
0.27 

0.26 
0.25 
0.16 
0.20 
0.63 

0.61 
0.23 
0.34 
0.23 
0.22 

o.a5 

0.58 
0.34 
0.41 
0.41 
0.20 
0.26 


It  may  be  noted  that  the  expression,  "95%  dry  year",  as  used  herein, 
does  not  refer  to  any  particular  year.  Its  use  means  that,  with  a  given 
rate  of  draft  and  unlimited  storage,  there  would  probably  be  5  years 
in  100  when  the  depletion  of  storage  would  exceed  the  limit  shown. 

It  is  probable  that  2  or  more  of  the  5  years  would  follow  consecu- 
tively in  one  period  of  several  years  of  low  average  flow. 

Combined  Eesults  for  Monthly  and  Annual  Storage. 
It  is  now  possible  to  construct  a  diagram  showing  the  storage  re- 
quired to  maintain  various  rates  of  draft  for  years  of  different  degrees 
of  dryness  for  a  stream  for  which  the  mean  annual  flow,  the  coeiB- 
cient  of  variation  in  annual  flows,  and  the  ground-water  storage  are 
known.     Fig.   31   shows   the   Croton   data   arranged   in   this   way,   and 
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Fig.  '''r2  shows  the  Sudbury  (hita.     Table  14  shows  the  method  by  wliicli 
the  figures  from  whit-li  the  dingrain.s  are  made  were  obtained. 

TABLE  14. — Croton  Storage. — 95%  Year. 
Mean  annual  flow,  1  sq.  mile  land  area,  1 137  000  gal.  daily. 
Coefficient  of  variation  in  mean  annual  flows,  0.239. 
Constant   deduction   for  ground-water  storage,  etc.,   Croton   River, 
as  in  Table  9,  23  days. 

Storage  unit,  1 137  000  X  365  X  0.239  =  99  500  000  gal. 


Monthly  and  Daily 
Storage. 

Annual  Storage. 

Draft,  in 

Draft 

gallons  per 

V 

* 

; 

day  per 

square 

nnle  of 

land  area. 

liiviiled 

bv  mean 

flow. 

■ 

Days'  storag 

required; 

normal 

diagram. 

Days'  storag 

less  23  for 

natural 

storage. 

Storage,  in 
millions  of 
gallons  per 
square  mile 

II 

"SI 

Millions  of 
gallons  per 
square  mile 
of  land  area 

ill 

1  O28  000 

0.904 

233 

210 

216 

1  —  0.4C 

2.52 

251 

467 

973  (X)0 

0.8.T6 

227 

204 

198 

1  -0.6C 

1.59 

158 

856 

918  000 

0.808 

220 

197 

181 

1  -0.8C 

0.95 

95 

276 

866  000 

().7fil 

213 

190 

164 

1-l.OC 

0.55 

55 

219 

811  000 

0.713 

2(K) 

188 

148 

1  —  1.2C 

0.27 

27 

175 

729  000 

0.641 

193 

170 

121 

1-1..5C 

0.00 

0 

124 

650  000 

0.572 

181 

158 

103 

103 

600  000 

0.528 

172 

149 

89 

89 

500  000 

0.440 

154 

131 

65 



65 

400  000 

0.352 

183 

110 

44 

44 

800  000 

0.264 

109 

86 

26 

26 

200  000 

0.176 

80 

57 

11 

11 

Using  the  diagram.  Fig.  33,  the  construction  of  which  will  be  ex- 
plained subsequently,  the  foregoing  calculation  is  more  easily  made, 
with  the  same  results,  as  shown  in  Table  15. 

TABLE  15. 


Draft,  in 

Days'  total 

millions  of 

Draft  divided 

Davs'  storage, 

Days'  storage. 

storage 

gallons  per  day 

by 

959i-year 

less  2:^  for 

required  per 

per  square  mile 

mean  flow. 

storage  diagram. 

natural  storage. 

square  mile  of 

of  land  area. 

laud  area. 

1.028 

0.904 

478 

4,55 

468 

0.978 

0.856 

885 

W2 

a52 

0.918 

0.808 

322 

299 

274 

0.866 

0.761 

278 

255 

221 

0.811 

0.718 

240 

217 

17(i 

0.729 

0.641 

195 

172 

125 

0.650 

0.572 

182 

1.59 

ia3 

0.600 

0.528 

173 

1.50 

90 

0.5a) 

0.440 

154 

131 

66 

0.400 

0.352 

133 

no 

44 

0.300 

0.264 

109 

86 

26 
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On  Figs.  31  and  32  two  sets  of  lines  have  been  drawn.  The  first 
are  solid,  and  represent  figures  computed  from  the  normal  storage  curve 
with  a  deduction  of  the  constant  found  for  that  stream,  which  for  the 
Croton  is  23  days  and  for  the  Sudbury,  25  days.  The  second  set, 
dotted  lines,  and  the  figures  from  which  they  are  plotted, .  were  scaled 
from  Figs.  8  and  19,  with  the  addition  of  9  days  for  daily  storage.     In 
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Fig.   30. 

other  words,  they  are  derived  solely  from  the  records  of  the  stream 
itself,  and  the  normal  diagram  is  not  used.  The  allowances  for  annual 
storage  were  made,  in  all  cases,  from  the  figures  in  Table  13.  Where  the 
two  sets  of  lines  were  practically  in  the  same  position,  the  dotted  one  was 
not  drawn.  For  both  the  Sudbui-y  and  Croton,  for  the  higher  rates  of 
draft,  which  are  practically  the  most  important  ones,  the  annual  storage 
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0  0.2  0.3  0.4         0.5        0.6      0.7    0.8  0.9  1.0 

Draft,  in  Millions  of  Gallons  Daily  per  Square  Mile  of  Land  Area. 

Fig.   31. 
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Rate  of  Draft,  in  Terms  of  Mean  Annual  Flow. 
Fig.   33. 
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dominates,  and  it  makes  no  appreciable  difference  which  of  the  two 
methods  of  calculation  is  used.  For  the  lower  rates  of  draft,  there  are 
deviations.  In  the  Croton  these  deviations  are  small;  in  the  Sudbuiy 
they  are  greater.  In  the  latter  the  lines  showing  the  actual  records  for 
years  of  different  degrees  of  dryness  are  somewhat  closer  to  one  another 
than  those  deduced  from  the  noraial  diagram,  and  with  the  Croton 
they  are  farther  apart. 

It  is  a  matter  of  debate  whether  the  lines  obtained  from  the  normal 
storage 'curve,  or  from  the  records  of  the  stream  itself,  best  represent 
the  conditions  on  a  particular  stream.  On  the  Croton,  with  its  longer 
record,  it  makes  but  little  difference.  On  the  Sudbury,  with  a  shorter 
record,  the  divergencies  are  greater.  The  writer  feels  that  the  lines 
obtained  from  the  normal  storage  curve  are  more  reliable  than  those 
from  this  relatively  short-record  period. 

Critical  Storage. — The  point  in  the  storage  curve  which  marks  the 
beginning  of  the  use  of  storage  to  carry  water  over  from  one  year 
to  another  is  characterized  by  a  well-marked  angle.  As  many  of  the 
phenomena  of  storage  differ  somewhat,  below  and  above  this  point, 
it  will  be  convenient  to  give  this  angle  a  name,  and  it  will  be  called 
the  "critical  point". 

The  values  for  storage  found  and  used  by  Massrs.  FitzGerald, 
Stearns,  and  Freeman,  and  stated  in  their  several  publications,  are 
plotted  on  these  diagrams  for  comparison  with  those  calculated  at  this 
time.  In  a  general  way,  for  values  below  the  critical  point,  they  cor- 
respond to  the  98%  dry  year;  above  that  point  they  correspond  to  the 
95%  dry  year.  In  other  words,  they  represent  conditions  which  would 
be  expected  to  recur  not  oftener  than  once  in  50  years  and  20  years, 
respectively. 

There  is  a  particularly  interesting  case  in  connection  with  the 
Croton,  where  the  storage,  as  first  computed  by  Mr.  Freeman,  for  drafts 
of  900  000  and  1  000  000  gal.  per  day  per  sq.  mile,  gave  results  which, 
as  plotted  on  Fig.  31,  come  between  the  90  and  95%  years.  Mr. 
Freeman  showed,  by  an  analysis  of  the  conditions,  that  an  extra- 
ordinary rain  occurred  in  the  middle  of  what  was  otherwise  the  driest 
period.  He  considered  that  there  was  no  certainty  of  like  rains 
occurring  coincidently  with  other  similarly  dry  periods,  and  made 
certain  allowances  on  the  basis  that  the  quantity  of  rain  that  actually 
fell  might  have  been  less.     He  concluded  that  certain  larger  values 
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should  be  used  hi  estiuuUiug  storage  requironieuts.  His  revised  data, 
as  plotted  in  Fig.  31,  fall  but  little  below  the  estimate  for  a  98%  year, 
except  that  for  a  draft  of  800  000  gal.  per  day  per  sq.  mile,  which 
is  near  the  95%  dry  year  line. 

A  comparison  of  the  whole  curve  indicates  the  desirability  of  the 
corrections  that  ^Ir.  Freeman  made,  and  suggests  that  they  miglit  have 
been  extend(-(l  with  advantage  to  the  computed  storage  for  a  draft  of 
800  000  gal.  per  day  per  sq.  mile.  As  this  was  not  done,  and  as  it 
haiipens  to  he  near  the  point  for  which  estimates  were  most  frequently 
nuule  in  .Mr.  Freeman's  work,  the  single  exception  is  of  the  greatest 
importance. 

This  incident,  with  a  recalculation  which  added  30%  to  the  storage 
considered  necessars'  to  maintain  the  higher  rates  of  draft,  an  addi- 
tion so  large  that  it  overshadows  all  allowances  for  evaporation,  ground- 
water storage,  and  other  secondary  conditions,  shows  clearly  that  even 
a  30-year  period,  which  was  the  length  of  the  Croton  records  at  the 
time  this  calculation  was  made  by  Mr.  Freeman,  is  entirely  too  short 
to  form  an  adequate  basis  for  estimating  the  annual  and  total  storage 
required.  It  shows  the  need  of  a  broader  luwe  of  data  for  making 
such  calculations. 

Practically  speaking,  the  application  of  the  Croton  data  and  of  the 
Sudbury  data,  by  the  methods  which  have  been  most  couunonlj-  used, 
and  for  relatively  high  rates  of  draft,  have  corresponded  nearly  with 
the  9-J';o  dry  year  by  the  method  of  calculation  now  used. 

Some  Questions  as  to  Combining  tlie  Two  iSeries  of  Besults. — It 
may  be  that  the  driest  year,  from  the  standpoint  of  storage  required 
to  balance  tiu'  daily  ami  monthly  Jluctuations,  will  not  also  be  the 
ihiest  year  from  the  standpoint  of  the  storage  required  to  l)alance 
aimual  fluctuations.  In  other  words,  the  greatest  storage  in  the  two 
series  of  calculations  may  not  be  strictly  cumulative. 

An  examination  of  the  tables  of  results  shows  lliai  ilie  ])eriods 
driest  in  one  series  are  always  dry  periods,  if  not  the  driest,  in  the 
other,  and  the  storages,  therefore,  are  nearly,  if  not  absolutely, 
cmnulative. 

It  may  be  that  it  would  be  found  (for  example,  if  data  were  avail- 
able to  make  the  full  comparison)  that,  in  computing  the  combined 
storage  for  the  98%  year,  the  storage  required  to  balance  annual  fluc- 
tuations for  98%  of  the  time  should  be  added  to  the  storage  requiied 
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to  balance  monthly  fluctuations  up  to  90%  of  the  time,  or  to  some 
other  proportion  than  98  per  cent.  On  the  other  hand,  it  must  be  kept 
in  mind  that,  in  calculating  the  storage  required  to  balance  annual 
fluctuations,  the  average  flows  for  the  calendar  years  only  have  been 
considered,  and,  if  the  data  were  examined  in  more  detail,  periods 
of  365  consecutive  days  would  be  found  having  lower  mean  flows  than 
those  of  any  calendar  year.  So  far  as  this  condition  exists,  there  would 
be  a  tendency  to  require  somewhat  more  storage  than  is  computed  for 
the  driest  years.  Conditions  of  this  kind  would  tend  to  round  off  the 
angle  at  the  critical  point  in  the  storage  curve. 

The  results  for  cumulative  storage  in  Table  1  for  the  various 
streams  were  examined  to  see  how  far  they  would  throw  light  on  this, 
and  also  the  studies  of  Messrs.  FitzGerald,  Stearns,  and  Freeman,- 
previously  referred  to.  The  data  are  not  numerous  enough  to  give 
a  clear-cut  indication  of  any  tendencies  that  there  may  be  at  this 
point,  and,  in  the  absence  of  such  indications,  it  may  be  considered 
that  the  two  series  of  storage  results  are,  for  practical  purposes,  cumu- 
lative, and  that  the  results  obtained  by  adding  one  to  the  other  are 
to  be  accepted. 

Normal  Diagram  of  Stream  Flow  Combined  with  Cumulative  Stor- 
age.— It  is  now  possible  to  make  a  diagram,  combining  the  normal 
flow  required  to  balance  the  daily  and  monthly  fluctuations  shown  in 
Fig.  26  with  the  cumulative  storage  required  to  balance  fluctuations 
in  annual  flow  represented  by  Plate  XCVII  and  Fig.  30.  Such  a  dia- 
gram, for  a  95%  dry  year,  is  presented  in  Fig.  33.  It  shows  the  storage 
in  days'  flow  required  to  balance  the  daily  and  monthly  fluctuations, 
being  the  same  as  the  95%  year  line  in  Fig.  26,  to  which  have  been 
added,  for  all  rates  of  draft  above  the  respective  critical  points,  the 
required  annual  storages  for  streams  having  coefficients  of  variation 
in  annual  flows  ranging  from  0.05  to  0.60. 

The  point  of  critical  storage  for  each  condition  is  indicated  by 
the  divergence  of  the  line  for  that  particular  coefficient  from  the  heavy 
diagonal  base  line  which  represents  storage  for  all  streams  below  their 
critical  points. 

As  a  matter  of  convenience,  diagonal  lines  have  been  drawn  on 
this  diagram,  showing  the  ratios  which  the  required  storage  bears  to 
the  mean  annual  flows  of  the  streams.  Other  lines  have  been  drawn, 
to  correspond  with  figures  to  be  developed  in  a  subsequent  paragraph, 
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showing  the  points  at  which  the  reservoir  will  probably  be  less  than 
full  for  periods  of  2,  3,  5,  and  9  years,  respectively,  in  an  average 
20-year  period. 

Fig.  34  was  prepared  in  the  same  way,  but  represents  a  98%  dry 
year.  Similar  diagrams  could  be  prepared  for  90  and  99%  years,  if  it 
were  desired. 

The  correction  for  natural  storage  and  other  peculiarities  of  the 
catchment  area,  shown  for  the  streams  for  which  data  are  available 
in  Table  9,  must  be  deducted  from  the  quantities  of  storage  taken  from 
these  diagrams. 

Figs.  33  and  34  afford  the  most  convenient  means  of  estimating 
the  size  of  reservoir  required  to  maintain  a  given  rate  of  draft,  and, 
on  the  other  hand,  of  estimating  the  probable  draft  that  can  be  main- 
tained from  a  given  catchment  area  and  storage  reservoir. 

Application  to  Data  for  Several  Streams. 

In  Fig.  35  the  foregoing  data,  arranged  for  a  95%  year,  have  been 
applied  to  the  records  of  the  eastern  streams  used  in  this  discussion, 
and  the  results  have  been  reduced  to  gallons  per  square  mile  of  land 
area  of  flow  and  storage  in  each  case.  This  diagram  shows,  in  compact 
form,  how  the  storages  required  on  different  streams  differ  from  each 
other;  it  will  be  found  convenient  for  making  estimates  of  stream 
flow  when  the  record  of  a  particular  stream  is  to  be  used  as  a  basis. 

The  lines  have  been  continued  at  the  upper  end  to  the  point  where, 
as  will  be  shown  in  a  subsequent  section,  the  reservoir  will  probably 
remain  less  than  full  for  9  years  in  an  average  20-year  period. 

Rainfall. — The  relation  between  rainfall  and  run-off  is  one  that 
has  been  much  discussed,  and  one  that  is  not  to  be  taken  up  in  this 
paper.  It  may  be  mentioned,  however,  that  studies  of  rainfall  records 
indicate  that  the  methods  of  analysis  herein  proposed  for  run-off  data 
are  also  applicable  to  rainfall  records.*  The  standard  variation  in 
rainfall  is  not  very  different  from  the  standard  variation  in  run-off 
for  the  same  area  in  some  cases,  as  shown  by  Table  16. 

♦Sir  Alexander  R.  Binnie's  well-known  work  on  rainfall,  in  "Vol.  XXXIX,  Minutes  of 
Proceedings,  Inst.  C.  E.,  suggests  this,  although  the  data  were  not  arranged  in  the  way 
now  proposed.  The  late  George  W.  Rafter,  M.  Am.  Soc.  C.  E.,  suggested  the  application 
of  the  method  of  least  squares  to  rainfall  data  in  the  report  of  the  New  York  State  Engineer 
for  189(i,  with  a  view  to  deducing  the  probability  of  occurrence  of  certain  conditions  of  low 
flow,  and  announced  the  intention  to  discuss  in  some  future  report  the  final  theoretical 
question  of  methods  of  deducing  a  formula  to  enable  one  to  take  the  rainfall  and  tempera- 
tiire  records  of  a  long  series  of  years  and  deduce  therefrom  the  probable  yearly  run-off  of 
a  stream. 
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TABLE   16. — Rainfall   and  Run-Off   Compared. 


Mean  annual  rainfall 

Mean  annual  run-off 

Standard  variation  in  annual  rainfall 
Standard  variation  in  annual  run-off 


Croton. 


48.8  Inches 
24.0 

6.0 

5.7 


Sudbury. 


45.5  Inches 
22.9 

6.5 

5.7 


Wachusett. 


46.5  Inches 
24.0 
6.6        " 

4.8        '' 


The  agreement  between  these  figures  is  interesting,  and  suggests 
a  means  of  forming  an  idea  of  the  probable  standard  variation  in  mean 
annual  run-off  from  rainfall  records  in  cases  where  adequate  stream 
gaugings  are  not  available. 

As  to  the  Shortage  in  Years  Drier  Than  the  Limit  Adopted. — If 
storage  is  provided  to  maintain  the  flow  19  years  out  of  20,  the 
question  must  be  considered  as  to  how  much  the  available  supply 
will  fall  below  the  nominal  supply  in  the  twentieth  year.  The  twen- 
tieth years  will  not  be  alike  in  their  degrees  of  dryness,  and  the  short- 
age of  water  will  range  from  nothing  to  the  quantity  indicated  as 
available  for  the  same  quantity  of  storage  in  the  99%  year,  and  to 
still  lower  quantities  in  years  that  recur  at  longer  intervals  than  100 
years. 

The  water  available  in  the  98%  year  will  be  very  nearly  equal 
to  the  average  quantity  obtainable  in  all  the  years  drier  than  the 
95%  year. 

The  data  for  eastern  streams  indicate  that  the  supply  in  a  98% 
year  will  be  less  than  in  a  95%  year  by  from  3  to  9  per  cent.  The 
percentage  shortage  is  greatest  with  small  storages  and  drafts,  and 
least  with  the  highest  storages  and  drafts.  As  a  representative, 
although  not  necessarily  an  average  figure,  6%  may  be  taken. 

There  will  be  5  years  in  a  century  with  deficiency  in  supply  when 
a  95%  year  is  taken  as  a  basis.  Actual  records  do  not  suffice  to 
show  the  shortages  in  these  years.  Records  many  times  longer  than 
those  available  would  be  required  for  this.  Not  having  such  records, 
it  seems  probable  that  the  normal  law  of  error  will  apply  at  least 
approximately,  and  that  probability  paper  may  be  used  for  a  graphical 
solution  of  this  problem.  In  Fig.  36  the  basis  of  such  a  calculation 
is  indicated.  A  line  is  drawn  passing  through  100%  in  the  95%  year, 
and  94%  in  the  98%  year,  and  this  is  continued.  Values  taken  from 
it  indicate  that  the  probable  shortage  in  the  5  dry  years  of  a  century 
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will  be  1,  3,  5,  8,  and  14%,  respectively,  averaging  6  per  cent.  If 
the  98%  year  is  taken  as  a  basis,  there  will  be  2  years  in  a  century 
when  the  supply  will  be  short,  and  the  shortage  in  these  years  will 
probably  be  2  and  8%,  respectively,  averaging  5  per  cent.  If  the 
99%  year  were  used  as  a  basis,  there  would  be  10  years  in  1000 
with  less  than  full  supply,  and  the  probable  shortage  for  them,  com- 
puted in  a  similar  way,  would  be  i,  1,  2,  2,  3,  5,  6,  8,  10,  and  15%, 
respectively,  averaging  5  per  cent. 

These  figures  are  to  be  taken  as  representing  the  probabilities  of 
certain  shortages  of  water.  It  is  to  be  exiDected  that  the  years  of 
shortage,  with  high  rates  of  draft  and  storage,  would  be  in  gi-oups 
such  as  occurred  in  the  Croton  and  Sudbury  Rivers.  By  the  methods 
of  calculation  used,  the  rate  of  draft  that  could  be  maintained  by  a 
given  storage  through  such  a  group  of  dry  years  woidd  be  taken,  as 
applying  to  each  of  the  dry  years  in  that  group.  As  a  result,  it 
would  be  found  that  the  years  of  shortage,  instead  of  forming  a 
regular  series,  as  in  the  figures  just  given  for  illustration,  would  occur 
in  a  certain  number  of  groups,  for  each  of  which  there  would  be 
a  single  rate  of  shortage.  This  is  another  illustration  of  the 
fact  that  much  more  numerous  data  must  be  had  before  the  full 
series  indicated  by  the  normal  law  of  error  can  be  filled  out.  The 
figures  obtained  by  such  estimates  must  be  regarded  as  the  most 
probable  ones  on  the  basis  taken,  from  which  there  are  certain  to 
be  deviations. 

As  a  result  of  the  foregoing  study,  it  appears  that  using  the 
98%  dry  year  as  a  basis  does  not  mean  that  the  shortage  in  the 
dry  year,  when  it  finally  arrives,  will  be  materially  less  relatively 
with  reference  to  the  standard  than  would  be  the  case  with  the  95% 
year  or  the  90%  year  used  as  a  basis,  but  it  does  mean  that  the 
probability  of  the  occurrence  of  such  a  year  in  any  period  is  smaller. 

The  Effect  of  Error  in  Mean  Annual  Run-Off. — The  mean  annual 
run-off  is  known  only  approximately,  the  accuracy  being  greater  as 
the  records  on  which  it  is  based  are  longer.  It  may  be  important 
to  know  how  mvich  reduction  in  available  capacity  would  be  suffered 
in  case  the  mean  proved  to  be  less  than  the  quantity  used  as  the 
basis  of  the  calculation. 

With  a  fixed  quantity  of  storage,  the  reduction  in  available  draft 
is  not  in  proportion  to  the  reduction  in  run-off;  the  percentage  that 
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is  Utilized  becomes  greater  as  the  vun-otl"  is  smaller.  Below  the 
critical  storage,  with  a  tixed  quantity  of  storage,  2%  reduction  in 
mean  annual  run-oti'  results  in  about  1%  reduction  in  the  net  avail- 
al)le  sujiply.  Above  the  critical  storage,  5%  reduction  in  the  mean 
annual  run-off  reduces  the  net  available  supply  by  about  4  per  cent. 
These  figures  will  vary  somewhat  with  different  assumed  conditions, 
but  they  are  sufficiently  close  for  use  in  considering  the  probable 
effect  of  errors  in  the  mean  flows   that   are  used. 

As    TO    THE    AcClTiACV    OF    AvERAGKS    OF    ShORT-TeRM    ReCORDS. 

A  study  was  made  to  see  whether  the  probable  variations  of  short- 
term  averages  followed  the  rules  given  in  the  textbooks,  and  if  not, 
to  see   how   they   vary   from   them. 

The  ]>nil)able  error  of  the  average  in  a  series  of  random  data  is: 
Probable  error  in  one  term 


V  Number  of  terms 

It  is  proposed  to  see  whether  the  figiires  representing  mean  annual 
flows  of  a  stream  for  a  term  of  years  vary  as  if  each  number  were 
drawn  out  of  a  bag  containing  numbers  representing  all  the  terms 
of  the  series,  or  whether  they  occur  in  cycles  in  such  a  way  as  to 
modify  short-term   averages. 

To  test  this  point,  the  relative  mean  annual  flows  of  the  Croton 
River  and  Neshaminy,  Tohickon  and  Perkiomen  Creeks,  were  selected. 
Each  has  a  record  of  25  years  or  more,  and  the  coefficients  of  vari- 
ation are  near  together.  All  shorter-term  records  are  excluded,  and 
also  the  (nnipowder  River,  because  of  its  higher  coefficient  of  vari- 
ation. The  coefficient  of  variation  of  the  whole  series  of  120  years 
is  0.235. 

The  figures  were  first  divided  into  sixty  series  of  2  years  each. 
The  sixty  average  results  form  a  new  series,  and  the  probable  error 
of  one  term  in  it  is  ascertained.  The  same  process  was  followed  for 
other  lengths  of  period. 

The  ])robable  errors  thus  found  were  compared  with  those  com- 
puted by  the  formula  just  given. 

As  a  check  on  the  work,  the  number  representing  each  term  in 
the  120-year  series  was  written  on  a  piece  of  paper,  these  pieces  of 
paper  were  mixed  and  drawn  and  written  down  as  drawn,  forming 
a  new  series  in  which  the  terms  are  identical  with  the  terms  in  the 
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first  series,  but  in  which  any  tendency  to  cycles  is  presumably  de- 
stroyed. This  series  was  then  divided,  and  the  probable  errors  of 
short-term  averages  were  determined  as  had  been  done  in  the  first 
place. 

The  probable  errors  computed  and  found  in  the  seven  series  are 
given  in  Table  17. 

TABLE  17. 


Probable  Error  in  Average  of 

Each  Series. 

Number 

Number  of 
terms  in  each 

of 

series. 

series. 

As  com  out ed 

Series  I, 

Series  II,  with  the 

from  formula. 

as  occurred. 

numbers  as  drawn. 

120 

1 

15.9 

15.9 

15.9 

60 

2 

11.2 

12.4 

11.1 

40 

3 

9.2 

10.0 

9.7 

30 

4 

7.9 

10.3 

8.5 

24 

5 

7.1 

8.0 

5.6 

20 

6 

6.5 

8.9 

5.0 

15 

8 

5.6 

7.6 

5.0 

12 

10 

5.0 

5.7 

4.8 

10 

12 

4.6 

4.3 

4.3 

6 

20 

3.5 

5.7 

4.3 

4 

30 

2.9 

3.0 

2.8 

3 

40 

2.5 

1.9 

2.0 

The  averages  of  periods  of  from  4  to  8  years  have  probable  errors 
averaging  2%  greater  than  those  computed  by  the  formula.  In 
shorter  and  longer  terms  the  excess  is  not  more  than  1  per  cent. 
The  same  figures  as  drawn  to  destroy  cycles,  if  such  existed,  yielded 
results  differing  from  the  calculated  results  as  often  in  one  direc- 
tion as  in  the  other.  The  method  of  calculation  is  thus  supported, 
and  may  be  accepted,  except  so  far  as  it  is  modified  by  the  existence 
of  cycles  in  the  records.  The  figures  indicate  the  presence  of  cycles, 
and  an  appreciably,  although  not  large,  influence  from  them  in  the 
average  accuracy  of  short-term  averages. 

Taking  this  influence  into  account,  to  get  an  average  result  for 
which  the  probable  error  will  not  exceed  10%  with  streams  like  those 
used  as  a  basis  for  this  study,  a  4-year  record  is  necessary.  To  reduce 
the  probable  error  to  5%,  a  12-year  record  is  necessary,  and  to  reduce 
it  to  3%,  2%,  and  1%,  records  of  28,  63,  and  250  years,  respectively, 
are  required. 

The  probable  errors  of  the  means  for  the  eastern  streams,  for  the 
records  used  in  this  study,  range  from  2.1%  for  the  Hudson  to  3.8% 
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for  the  Gunpowder.  In  g-cneral,  a  3%  probable  error  for  these  data  may 
be  assumed. 

By  the  normal  law  of  error,  the  average  error  is  18%  greater 
than  tlie  probable  error.  Using  the  "probable  error"  as  the  stand- 
ard of  comparison,  or  the  measure  of  magnitude  of  actual  errors,  and 
considering  the  law  of  normal  error,  the  following  relations  may 
be  stated:  There  is  one  chance  in  2  that  the  actual  error  in  the 
mean  flow  will  exceed  the  probable  error;  that  is,  the  actual  error  is 
as  likely  to  be  on  one  side  of  the  probable  error  as  on  the  other. 
There  is  one  chance  in  4  that  the  true  mean  of  a  series  will  be  less 
than  the  record  mean  of  that  series  by  a  quantity  greater  than  the 
probable  error.  There  is  one  chance  in  11  that  it  will  be  less  than 
the  record  mean  by  more  than  twice  the  probable  error;  one  chance 
in  46  that  it  will  be  less  than  the  record  mean  by  more  than  three 
times  the  probable  error;  and  one  chance  in  286  that  it  will  be  less 
than  the  record  mean  by  more  than  four  times  the  probable  error. 
The  chance  that  the  true  mean  of  a  series  will  lie  above  (be  greater 
than)  the  record  mean  b.>  a  given  quantity  is  the  same  as  the  chance 
that  it  will  lie  below  (be  less  than)  by  that  same  quantity,  but  the 
chance  is  twice  as  great  that  it  will  lie  either  above  or  below  by  the 
given  quantity. 

Probable  Error  in  the  Coefficient  of  Variation. — The  probable  error 
in  the  coefficient  of  variation,  as  determined  by  short-term  records,  is 
also  a  matter  of  importance,  as  the  coefficient  of  variation  plays  a  part 
only  second  to  that  of  the  mean  flow  in  estimating  the  storage  required 
for  the  larger  drafts  with  the  methods  now  proposed. 

In  computing  the  coefficient  of  variation  from  short-term  records, 
it  is  better  to  divide  the  sum  of  the  squares  of  the  variations  by 
n  —  1  instead  of  by  n.  Otherwise,  the  values  for  the  coefficient  de- 
crease with  the  shortness  of  the  period.  With  longer  records,  the 
difference  is  not  important.  In  records  as  short  as  from  5  to  10 
years,  the  difference  is  essential. 

The  average  coefficient  of  variation  for  the  twenty-four  5-year 
periods  previously  described  was  found  to  be  0.219  as  occurred,  and 
0.228  with  the  numbers  drawn.  These  may  be  compared  with  0.235, 
found  for  tlie  whole  series.  The  probable  error  of  one  5-year  deter- 
mination  was   found  to  be   10.8%   as   occurred   and   23.5%    as  drawn. 
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In  other  words,  the  probahle  error  in  the  coefficient  of  variation  de- 
duced from  one  5-year  term  is  about  20%,  and  occasionally  the  varia- 
tion will  greatly  exceed  this. 

The  average  coefficients  of  variation  for  the  twelve  10-year  periods 
were  found  to  be  0.225  for  the  figures  as  occurred,  and  0.230  for  the 
figures  as  drawn,  and  the  probable  errors  in  the  coefficient  dediiced 
from  one  10-year  series  were  12.2  as  occurred  and  16.0  as  drawai. 

The  tendency  of  the  figures  as  occurred  to  run  in  cycles  may  be 
the  reason  for  the  lower  variation  in  such  figures  as  compared  with 
the  figures  as  drawn. 

The  probable  error  in  the  coefficient  of  variation  for  other  periods 
may  be  assumed  to  vary  inversely  approximately  as  the  square  root 
of  the  length  of  the  period.  The  figures  for  the  periods  as  they 
occurred  are  preferred  to  those  for  periods  as  drawn,  and  on  this  basis 
a  17-year  record  is  necessary  to  obtain  a  figure  with  a  probable  error 
of  10%,  and  a  69-year  record  to  determine  the  coefficient  of  variation 
with  a  probable  error  of  5  per  cent. 

The  errors  in  the  coefficient  of  variation  in  the  data  deduced  for 
the  several  streams  discussed  at  this  time  are  thus  probably  within 
from  7  to  12%  of  the  truth. 

It  is  clear  that  short-term  records  must  be  used  with  caution 
in  determining  the  coefficient  of  variation,  and  longer  records  of 
other  streams,  more  or  less  similar  to  the  one  under  discussion,  may 
often  give  a  better  indication  of  the  probable  value  of  this  coefficient 
than  short-term  records  of  the  stream  itself. 

An  error  in  the  coefficient  of  variation  of  the  mean  annual  flow 
of  a  stream  does  not  aifect  the  required  storage  below  the  critical 
lioint.  Above  this  point  the  effect  can  be  best  seen  in  Fig  33.  For 
example,  it  appears  that,  with  a  given  storage,  about  5%  more  water 
is  available  when  the  coefficient  of  variation  is  0.20  than  when  it  is 
0.25,  all  other  conditions  being  equal. 

Tahular  Statement  of  Data  and  of  the  Prohahle  Errors  Therein. — 
For  convenience,  the  principal  data  with  reference  to  the  several 
streams  are  brought  together  in  Table  18.  The  probable  error  in  the 
mean  flow  and  the  probable  error  in  the  coefficient  of  variation,  com- 
puted by  the  methods  previously  indicated,  are  shown  as  percentages  of 
the  total.     The  probable  error  in  the  deduction   in  days'  storage,  be- 
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causi'    of     iKitiirnl    stoi-auc.    is    <;iveu    in    (lavs,    and    is     IouikI     by    the 

'"'■'""'''•  0.<)74  standard  variation  in  days 

X  =  — ■ 

V  number  of  years  in  record 

The  standard  variation  is  taken  as  the  value  when  about  half  of  the 
mean  timv  is  utilized. 

TABLE   18.— Summary   of   Data. 


stream. 

Number  of 
years  in 
record. 

Mean  annual 

flow,  in  millions 

of  trallons  per 

square  mile  daily. 

Coefflcient  of 

variation  in 

mean  annual 

flow. 

Days  to  be 

deducted  from 

normal  storage 

diagram. 

Bear  Creek 

Catskill 

11 
17 
45 
29 
24 
14 
24 
25 
20 
25 
11 
8 
22 
25 
15 

0.188  ±    9.5% 
1.400 

1.137  ±    2.40,5 
0.911  ±    3.8% 
l.i:i5  ±    2.1% 
1.317  ±    3.50/0 
1.020  ±    3.6O/0 
1.083  ±    3.00/0 
1.42:3  ±    3.295 
1.080  -(-     3.00/0 
0.0.53  ±  10.20/0 
0.075  ±    9.80/0 
1.085  ±    3.60/0 
l.lilO  ±    3.40/0 
l.i:i6  ±    3.59^ 

0.471  ±  12.5% 

64  ±    5 
5  ±    6 

0.2:39  ±    6.20/0 

o.:i08  ±   7.70/0 

0.156  ±    8.50/0 
0.196  ±  11.10/0 
0.259  ±    8.50/0 
0.226  ±    8.. 30/0 
0.213  ±    9.304, 
0.221  ±    8.3% 
0.505  ±  12.5% 
0.412  ±  14.70/0 
0.253  ±    8.80/0 
0.251  ±    8.395 
0.202  ±  10.70/0 

23  ±    5 

Gunpowder 

Hudson* 

91  ±    5 
73  ±    4 

25  ±    8 
66  ±    4 
10  ±    6 

m"±"5 

add  20  ±  11 

40  ±    8 

25  ±    5 

2  ±    6 

61  ±    5 

Merrimac* 

Neshaminy 

Pequannock 

Perkioraen 

South  Fork 

South  Platte 

Wachusett 

*  No  allowance  made  for  water  area. 

Probable  Error  in  Computed  Quantity  of  Supply,  from  Short-Term 
Records. — The  errors  resulting  from  errors  in  mean  flow  and  from 
errors  in  coefficient  of  variation  are  not  cumulative,  because  these 
phenomena  are  closely  related,  and  the  existence  of  a  tendency  to 
short-term  cycles  is  an  element  in  the  results. 

To  determine  the  probable  error  in  results  obtained  from  short- 
term  averages,  the  figures  for  each  of  the  5-year  terms  and  the  10-year 
terms  in  the  above  mentioned  series,  were  used  as  a  basis  for  estimating 
the  maintainable  yield,  with  a  storage  equal  to  60%  of  the  mean 
annual  flow  for  the  whole  term.  The  relative  results  would  obviously 
depend  somewhat  on  the  quantity  of  storage  assumed.  Only  one 
storage  figure  was  used,  however,  this  being  selected  to  represent  a 
reasonably  complete  development. 

In  making  these  estimates,  allowances  for  ground-water  and  evapor- 
ation were  omitted,  as  they  would  be  nearly  the  same  for  each  series, 
and  in  comparative  results  they  are  not  important.  The  yield  from 
this  storage,  computed  from  the  uniformity  coefficient  for  the  whole 
series,  is  78%  of  the  mean  flow.     For  twenty-four  5-year  periods,  each 
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considered  by  itself,  the  average  computed  run-off  was  78%,  with  a 
probable  error  of  6.4  per  cent.  One  5-year  period  (Croton,  1898-1902) 
indicated  a  maintainable  yield  22%  above  the  average,  and  the  differ- 
ence was  more  than  three  times  the  probable  error.  If  this  were  used 
as  a  basis  for  estimating  the  yield  of  the  Croton  River,  the  actual 
yield  would  be  less  than  calculated  by  18  per  cent. 

The  twelve  10-year  series  give  a  general  average  of  78.3%  and  a 
probable  error  for  one  series  of  5.1  per  cent.  One  term  (Croton,  1898- 
1907)  indicated  a  maintainable  yield  13%  above  the  mean,  the  differ- 
ence being  two  and  one-half  times  the  probable  error.  The  probable 
errors  are  shown  in  Table  19. 

TABLE  19. 


In  one 
5-year  term. 


In.  one 
10-year  term. 


Probable  error  in  mean  flow 

Probable  error  in  coefficient  of  variation 

Probable  error  in  available  yield,  -with  fixed  storage, 
remaininer  the  same  in  each  series,  and  equal  to  0.6  of 
the  mean  flow  for  the  vehole  term 


8.00,5 
19.8% 

6.4% 


5.7% 
12.2% 


As  a  summary  of  the  entire  study,  it  may  be  said  that  the  probable 
error  in  the  calculated  maintainable  yield  of  an  eastern  stream,  above 
the  critical  point,  for  conditions  like  those  on  the  streams  investigated, 
would  be  a  little  less  than  the  probable  error  of  the  mean  flow,  and, 
for  10-year  records  and  greater,  may  be  represented  approximately  by 
the  formula: 


Probable  error  = 


0.55  X  coefficient  of  variation 


\/number  of  years  in  record 
It  must  be  remembered  there  is  one  chance  in  4  that  the  true 
result  will  be  less  than  the  quantity  computed  in  a  short-term  record  by 
more  than  the  probable  error;  one  chance  in  11  that  it  will  be  less 
by  more  than  twice  the  probable  error,  and  one  chance  in  46  that  it 
will  be  less  by  more  than  three  times  the  probable  error.  The  Croton 
records  for  1898-1902  may  be  cited  as  indicating  a  deviation  from  the 
45-year  mean  equal  to  more  than  three  times  the  probable  error  for 
one  5-year  period.  Such  errors  may  practically  be  guarded  against 
in  many  cases  by  the  fact  that  a  short-term  record  giving  such  an 
unusually  high  mean,  as  compared  with  the  true  mean,  would  be 
certain  to  be  a  period  in  which  the  rainfall  and  run-off  were  so  much 
above  the  normal  that  the  excess  would  ha.ve  attracted  attention. 
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The  variations  in  How  of  different  areas  are  such  that  errors  up 
to  the  probable  error  and  somewhat  above  it  might  easily  escape  de- 
tection in  this  way;  but,  with  errors  two  or  three  times  as  great  as 
the  probable  error  in  one  short-term  series,  the  cases  would  be  rare 
when  some  local  evidence  of  unusual  conditions  could  not  be  obtained 
by  careful  inquiiy  that  would  serve  as  a  warning  against  placing  too 
much  dependence  on  the  short-tenn  average. 

Cycles  in  Eun-Off. 

On  Plate  XCVIII  are  shown  the  relative  annual  yields  of  the 
several  eastern  streams  for  each  year,  and  also  the  required  quantities 
of  monthly  storage  to  maintain  drafts  of  400  000,  600  000,  and  800  000 
gal.  per  sq.  mile  of  land  area  from  each  stream. 

This  diagram  shows  that  periods  of  wet  weather  and  dry  weather 
extended  generally  over  the  area  occupied  by  these  streams,  so  that 
in  a  general  way,  the  fluctuations  are  somewhat  similar. 

Wide  local  differences  are  shown,  and  these  are  much  wider  in  some 
years  than  in  others.  Generally,  the  fluctuations  above  the  mean  are 
greater  in  magnitude  and  shorter  in  duration  than  those  below  the 
mean.  One  year,  1889,  was  notably  wetter  than  any  other  covered  by 
the  records. 

Only  the  Sudbury  and  Croton  records  go  back  to  the  dry  period 
in  the  early  Eighties,  and  they  do  not  indicate  the  recurrence  of  other 
years  as  dry.  However,  there  are  some  years,  notably  1895  and  1900, 
and  1908,  1909,  and  1910,  when  the  required  monthly  storage  on  some 
of  the  streams  was  as  great,  or  nearly  as  great,  for  some  of  the  drafts, 
as  was  the  case  in  1880  and  in  1884  for  the  Sudbury  and  Croton. 

The  general  impression  obtained  from  inspection  of  the  diagram 
is  that  there  are  cycles,  and  that  a  median  line  of  annual  yields  will  be 
found  to  have  a  high  point  in  1878,  swinging  down  to  a  low  point  in 
1882,  a  summit  in  1889,  a  low  point  in  1895,  a  summit  in  1903  and 
another  low  point  in  1910,  indicating,  in  a  general  way,  cycles  with 
periods  of  from  10  to  12  years,  but  with  some  minor  summits  and  low 
points,  which,  if  taken  into  account,  would  shorten  the  average  period. 

Long-Term  Cycles  in  Run-Off. — There  is  no  direct  experimental 
evidence  sufficient  to  serve  as  a  basis  in  investigating  the  existence 
and  magnitude  of  long-time  cycles.  There  are  some  indirect  data, 
especially   from   rainfall   records.      The   relation   between   rainfall   and 
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run-off  is  not  exact,  but  the  demonstration  of  cycles  in  rainfall 
records  may  be  taken  as  evidence  of  the  existence  of  like  cycles  in 
run-off  records,  although  the  percentage  variation  would  not  be  ex- 
pected to  be  the  same. 

Vermeule*  gives  a  summary  of  long-term  rainfall  data  in  the 
United  States,  and  states: 

"A  careful  study  of  these  long  series  shows  a  strong  tendency  to 
cycles  of  high  and  low  precipitation.  We  are  likely  to  have  a  period 
of  years  of  high  average  rainfall,  followed  by  a  low  period.  We  see 
at  once  that,  under  these  conditions,  differences  shown  by  comparing 
a  series  of  eight  or  ten  years'  length  at  one  station  with  a  fifty  or 
sixty-year  series  at  another,  may  be  entirely  differences  of  time  and 
not  of  place.'' 

A  chart  at  the  same  place  shows  the  secular  changes  in  annual 
rainfall.  In  the  Philadelphia  record,  in  68  years  there  are  eight 
well-defined  summits,  indicating  a  complete  cycle  every  8  years.  The 
summits  are  not  of  the  same  magnitude,  but  indicate  a  gradual 
progressive  increase  up  to  about  1868,  followed  by  a  subsequent 
decrease. 

Arthur  T.  Safford,t  M.  Am.  Soc.  C.  E.,  states: 

"It  is  interesting  to  note  that  the  average  precipitation  by  10  year 
periods  rose  steadily  from  1832  to  b6tween  1880  and  1890;  since 
which  time  the  average  has  begun  to  decrease.  Wliile  we  should 
not  attach  too  much  significance  to  this,  the  fact  remains  that  if  we 
ever  have  10  continuous  years  with  as  low  an  average  precipitation 
as  fell  during  the  years  previous  to  1840.  a  good  many  water  sup- 
plies in  the  state  will  have  to  be  enlarged. 

"These  differences  in  rainfall  are  so  clearly  marked  that  I  will 
show  this  comparison  in  the  form  of  the  following  table  and  diagram ::}:" 


"  Period  Average  of 

Lowell. 

Providence. 

New 
Bkdpord. 

Boston. 

Average 

of  4 
Stations. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

9  Years.  1832-1840 

10      *•        1841  1850 

10       "        ia51-1860 

10       "        18(il-1870 

10       "        1871-1880 

10       ••        1881-1890 

10       "        1891-1900 

37.98 
40.27 
44.14 
45.93 
45.24 
4f;.47 
44.46 

36.87 
41.21 
4;S.73 
47.56 

47.84 
49.07 
48.89 

44.27 
44.94 
44.76 
46.27 
46.88 
48.69 
47.72 

41.02 

43.88 
50.09 
•      57.24 
50. 2(.; 
48.48 
45.46 

40.03 
42.. 32 
45.68 
49.25 
47.55 
48.18 
46.63  " 

*  Geological  Survey  of  New  Jersey,  Vol.  Ill,  1894,  p.  12. 
+  Report  on  Fall  River  Water  Supply,  July,  1902. 
t  The  diagram  is  not  reproduced. 
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Turneaure  and  Russell*  state: 

■'The  (luostion  of  a  gradual  cliange  in  the  yearly  rainfall  is  one 
the  solution  of  which  would  douhtle^js  require  data  covering  several 
centuries.  The  rainfall  for  a  particular  locality  may  average  con- 
siderably below  the  mean  for  many  years,  after  which  may  follow, 
perhaps,  an  equally  long  period  of  surplus.  In  an  analysis  of  several 
rccorils  extending  over  many  years  it  was  found  that  during  an  83- 
year  period  at  New  Bedford,  Massachusetts,  the  averages  for  10-year 
periods  were  as  high  as  16  per  cent,  above  the  mean  and  11  per  cent, 
below,  for  60-year  periods  the  extremes  were,  at  St.  Louis,  17  per 
cent,  and  13  per  cent.,  and  at  Cincinnati,  20  per  cent,  and  17  per 
cent.  For  a  25-year  period  the  extreme  variations  were  10  per  cent, 
for  hotli  Xew  Bedford  and  St.  Louis. f  From  this  it  is  seen  that  to 
establish  a  reliable  mean  it  requires  a  record  extending  over  a  long 
l»criod  of  time. 

*"Thc  variations  or  cycles  above  referred  to,  that  extend  over  several 
years,  are  in  some  cases  very  marked,  but  they  are  very  erratic  and 
as  yet  quite  incapable  of  being  predicted." 

They  also  present  a  diagram  in  which  the  fluctuations  of  averages 
of  precipitation  records  of  certain  localities  are  given.  In  the  curve 
representing  New  England  there  are  six  clearly  marked  summits  in  tlie 
period  of  60  years,  or  one  every  10  years. 

The  line  showing  Ohio  Valley  stations  has  eight  summits  in  a 
period  of  60  years,  or  an  average  of  one  every  8  years,  and  the  fluctu- 
ations do  not  correspond  in  point  of  time  with  those  of  New  England. 
The  progressive  change  in  the  general  average  also  does  not  corre- 
spond. The  total  variation  is  less  than  in  New  EuLiland  where 
there  was  a  first  summit  about  4%  above  the  average  in  1848.  The 
line  then  falls  to  about  4%  below  the  average  in  1872,  and  a  second 
summit  2%  above  the  average  was  reached  in  1885. 

A  line  for  the  middle  Mississippi  Valley  shows  five  summits  in  a 
period  of  35  years,  or,  on  an  average,  one  every  7  years. 

Taking  all  these  data  together,  there  is  indication  of  the  existence 
of  cycles  with  average  periods  of  from  7  to  10  years,  and  with  an 
ordinary  variation  in  rainfall  from  10  or  12%  above  to  S  or  lO^o 
below  the  mean,  in  the  general  swing  of  the  curve,  and  without 
going  to  the  extremes  of  1  or  2  years.  There  is  also  indication  of 
a  nmch  longer  cycle  with  a  range  of  not  more  than  4  to  6%  above 
and  below  the  average,  and  with  a  period  of  40  to  60  years. 


♦'Public  Water  Supplies",  p.  41. 
+    Bulletin  D". 
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Undoubtedly,  there  may  be  other  longer  cycles,  with  periods  run- 
ning into  centuries,  but  no  data  are  at  hand  that  could  be  expected 
to  show  them  if  they  exist. 

As  TO  THE  LExNGTH   OF   TiME  THAT   A  RESERVOIR   WILL  ReMAIN   LeSS   THAN 

Full. 

There  is  well-grounded  objection  to  the  use  of  a  development  so 
large  that  the  reservoir  will  be  less  than  full  through  a  considerable 
period  of  years.  When  a  reservoir  remains  drawn  down  for  a  long 
time,  vegetation  grows  on  its  shores,  and  much  additional  work  must 
be  done,  as  it  refills,  to  prevent  impairment  of  the  quality  of  the 
water  by  the  subsequent  decay  of  the  submerged  vegetation.  This 
may  be  less  important  in  the  future  than  it  has  been  in  the  past, 
owing  to  the  increasing  use  of  methods  of  treating  and  purifying 
water  which  will  result  in  the  removal  from  it  of  deleterious  substances 
resulting  from  such  growths  and  decompositions.  However,  the  mat- 
ter remains  one  of  considerable  importance,  and  should  not  be  lost 
sight  of  in  any  study  for  a  complete  development. 

Methods. — The  data  from  which  Plate  XCVI  was  prepared  were 
used  and  the  number  of  years  that  the  annual  flow  is  less  than  the  cor- 
responding draft  and  the  number  of  winters  during  which  the  reser- 
voir will  not  refill  were  counted  and  the  percentages  obtained. 

From  the  data  referred  to  above  we  find  for  a  draft  of  1  —  OAC, 
27  periods  in  a  total  of  252  years,  varying  in  length  from  3  to  15 
years,  during  which  the  reservoir  is  less  than  full.  These  are  entered 
in  Column  2  of  Table  20  in  the  order  of  their  occurrence  and  in 
Column  3  in  their  order  of  magnitude. 

If  the  maximum  period  of  depletion  is  to  be  computed  for  a  100- 
year  period,  then  the  252  years  in  the  whole  series  will  form  2.52 
such  periods ;  and  the  first  two  terms  in  Column  3  and  0.52  of  the  third 
term  are  added  to  make  the  sum  of  32.7  years  for  depletion  for  2.52 
such  100-year  series.     For  one  100-year  series  the  average  maximum 

32.7 

period  of  depletion  is  found  by  division  to  be   =  13  years.     In  a 

2.52 

similar  way,  there  are  8.4  terms  of  30  years  each,  and  the  sum  of 
eight  first  terms  and  0.4  of  the  ninth  term  is  87.2,  and  the  average 
maximum  term  of  depletion  in  each  30-year  series,  10.4  years.  Similar 
calculations  are  made  for  20  years  and  for  10  years. 
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TABLE  20. 


Number 
of 

Length  of  de- 
pletion period, 
iu  years: 
d,  d. 

Figures  in 

Column  1  in 

order  of 

Average  maximum 
period  of  depletion: 

Years  in  period 

for  which  D 
is  to  be  found  : 

=  number 
of  terms  in 

term. 

magnitude: 

D. 

P. 

summation  in 

di  d,  .  .  . 

Column  2. 

(1) 

(a) 

(3) 

(4) 

(5) 

(6) 

1 

3 

15 

2 

8 

12 

32.7-1-2.52  =  13.0 

100 

2.52 

3 

3 

11 

4 

15 

10 

5 

4 

10 

6 

5 

9 

7 

9 

9 

8 

6 

8 

87.2 -t- 8.4    =  10.4 

30 

8.4 

9 

4 

8 

10 

8 

7 

11 

3 

7 

12 

9 

6 

115.6  H- 12.6=    9.2 

20 

12.6 

13 

11 

6 

14 

4 

6 

15 

3 

5 

16 

5 

5 

17 

7 

4 

18 

3 

4 

Ifl 

6 

4 

20 

10 

4 

21 

7 

3 

22 

12 

3 

23 

3 

3 

24 

10 

3 

25 

4 

3 

105.6 -i- 25.2  =    6.6 

10 

25.2 

26 

3 

3 

27 

6 

3 

Similar  tables  were  ina.de  for  all  the  other  rates  of  draft  represented 
in  Plate  XCVI,  and  the  values  obtained  plotted,  from  which  smooth 
curves  were  drawn,  and  from  these  curves  values  of  the  average  maxi- 
mum periods  of  depletion  were  found,  as  shown  in  Table  21. 


TABLE  21.— Depletion. 


Percentage  of  years 

Percentage  of 

Average  maximum 

Relative  rate  of 

that  annual  flow  is 

winters  when  the 

period  of  depletion 

draft. 

less  than  the  corre- 

reservoir will 

in  one  20-year 

sponding  rate  of  draft. 

not  refill. 

period. 

1  — 0.4C 

39 

58 

9     Years. 

1  -0.6C 

32 

43 

7 

1  -  0.8C 

24 

30 

5 

1  -  l.Of 

17 

21 

3.5       •' 

1-1.2C 

10 

12 

2.2       " 

1  —  1. 5C 

8 

8 

1.5       " 

In  a  10-year  period,  the  probable  maximum  period  of  depletion  is 
about  30%  shorter  than  in  a  20-year  period;  and  in  a  100-year  period, 
50%  longer. 
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In  using  Table  21  it  must  be  borne  in  mind  that  periods  of  depletion 
as  long  as  those  stated  will  not  occur  in  every  20-year  period.  The 
figure  given  is  rather  the  a,verage  length  of  the  longest  term  of  de- 
pletion to  be  expected  in  each  of  a  considerable  number  of  20-year 
periods. 

TABLE  22. — Rates  of  Draft  for  Several  Streams  with  the  Stated 
Average  Maximum  Period  of  Depletion  in  Each  20-Year  Period. 


stream. 

eS  oj 

a. 

Mean  annual 

How,  in  millions 

of  gallons  per 

square  mile  of 

land  area 

Coefficient  of 
variation. 

Years 

ON  AN 

OF   Continuous    Depletion 
Average  in  Each  20-Year 
Period. 

9  years 
(1-0.4C). 

5  years 

(1-0. 8C;. 

3  years 

(1-1.  IC). 

2  years 
(1-1. 3Cj. 

(V ' ' 

4.16 
4.15 

0.00 

0.00 

2.75 

0 

3.08 

2.65 

0 

1.135* 
1 .317 
1.136 
1.423 

1.080 

1.083 

1.137 

1.310 

1.085 

1.020* 

0.911 

0.1.56 
0.196 
0.202 
0.213 
0.221 
0.226 
0.239 
0.251 
0.253 
0.259 
0.308 

1.064 
1.214 
1.044 
1.301 
0.985 
0.985 
1.028 
1.178 
0.975 
0.914 
0.800 

0.993 
1.111 
0.952 
1.182 
0.890 
0.887 
0.920 
1.048 
0.865 
0.809 
0.687 

0.940 
1.035 
0.883 
1.090 
0.81S 
0.813 
0.838 
0.949 
0.782 
0.730 
0.602 

0.905 

0.983 

Wachusett 

Pequannock  .... 

Perkiomen 

Neshaminy 

0.836 
1.030 
0.770 
0.765 
0.781:5 

Tohickon 

Sudbury  

Merrimac 

Gunpowder 

0.882 
0.727 
0.677 
0.546 

*  Land  and  water  area. 

As  TO  Evaporation  from  Water  Surface  axd  the  Allowance 

Therefor. 

Notwithstanding  the  historic  researches  of  Desmond  FitzGerakL 
Past-President,  Am.  Soc.  C.  E.,  on  evaporation,  and  the  data  which 
have  accumulated  in  all  the  years  since  his  results  were  published,  the 
actual  knowledge  of  the  quantity  of  evaporation  from  water  surfaces  is 
meager.  Primarily,  this  is  because  there  is  no  certain  way  of  measur- 
ing the  evaporation  from  an  actual  reservoir.  In  the  best  planned 
experiments,  conditions  differ  rather  widely  from  those  of  water  in 
an  open  reservoir.  The  quantity  of  experimental  data,  also,  is  not 
great  or  continuous,  and  is  far  from  adequate  for  giving  a.  general  idea 
of  the  allowances  that  should  be  made  all  over  the  country. 

Mr.  FitzGerald's  experiments  at  Chestnut  Hill  gave  a  mean  an- 
nual evaporation  of  39.1  in. 

At  the  Lawrence  Experiment  Station,  Massachusetts  State  Board 
of  Health.  H.  F.  Mills,  Hon.  M.  Am.  Soc.  C.  E.,  found  that  the  evapo- 
ration from  wa.ter  in  a  wooden  tub.  17  ft.  in  diameter,  through  a  period 
of  3  years,  averaged  29.2  in. 
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Experiments  at  Fall  River,  Mass.,  reported  by  ]\Ir.  A.  T.  SaflFonl. 
in  a  tank  5  ft.  11  in.  in  diainoter  and  3  ft.  high,  in  a  oo£Fer-dam,  ob- 
served for  3  years,  with  a  few  winter  months  missing,  indicated  a  mean 
iinniinl  evaporation  of  38.7  in. 

At  Rochester,  N.  Y.,  E.  A.  Fisher,  M.  Am.  Soc.  C.  E.,  found  that 
the  evaporation  from  water  in  a  tub,  floated  on  the  surface  of  the 
Blount  Hope  Reservoir  from  1891-1909,  averaged  34  in.  per  annum. 
A  similar  tub  on  land,  with  some  results  missing,  indicated  17  in. 
per  annum  more  evaporation  than  from  the  floating  tub.  This  wide 
divergence  indicates  the  great  difference  in  results  from  a  slight  change 
in  exposure.  In  summer  the  water  in  the  tubs  was  warmer  than  the 
.vurfaco  water  in  the  reservoir  by  3  or  4  degrees.  It  is  very  likely  that 
ihe  actual  evaporation  from  the  reservoir  is  less  than  is  indicated  by 
the  records  from  the  floating  tub.  When  the  difference  between  the 
conditions  in  the  best  arranged  exposure  and  those  in  an  actual  reser- 
voir are  considered,  too  much  weight  must  not  be  attached  even  to 
the  best  experimental  results. 

Comparison  of  Rainfall  Records  with  Estimated  Amount  of  Evap- 
oration.— F.  P.  Stearns,  Past-President,  Am.  Soc.  0.  E.,  gives  the 
following  table  :'" 

"Table  Showing  Relation  of  Evaporation  to  Rainfall. 
Note:  +  indicates  excess  of  rainfall:  —  indicates  deficiency. 


Average  Year. 

Year  of  Low  Rainfall. 

''  Month. 

Rainfall. 

Evaporation. 

Excess 

or 

deficiency 

of 

rainfall. 

Rainfall. 

Evaporation, 

Excess 

or 

deficiency 

of 

rainfall. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

January 

February 

March 

April 

Alay 

4.18 
4.06 
4. .58 
3.32 
3.20 
2.99 
3.78 
4.2:i 
3.2:^ 
4.41 
4.11 
3.71 

0.98 
1.01 
1.45 
2.39 
3.82 
5..34 
6.21 
5.97 
4.86 
3.47 
2.24 
1.38 

4-  3.20                 2.81 
+  3.(15                 3.86 
+  3.13                 1.78 
+  (1.93                 1.85 

—  0.62                 4.18 

—  2.25                 2.40 

—  2.43                 2.C.8 

0.98 
1.01 
1.45 
2.39 
3.82 
5.34 
ti.21 
5.97 
4.80 
3.47 
2.24 
1.38 

+  1.83 
+  2.85 
+  0.33 
-0.54 
+  0.36 

June 

-  2.94 

July 

-•6.5S 

August 

Sept<»mber.. . 

October 

Novercber. . . 
December . . . 

-1.74 
-  l.tiS 
-4-  0.94 
+  1.87 
+  2.38 

0.74 
1.52 
5.60 
1.81 
3.55 

—  5.23 

—  SMi 

+  2.13 

—  o.4:i 

+  2.17 

45.80 

39.12 

+  6.68           .   32.78 

39.12 

—  6.34  '• 

*  Report,  Massachusetts  State  Board  of  Health,  1890.  p.  845. 
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Mr.  Stearns  states: 

"It  will  be  seen  from  the  facts  presented  that  the  monthly  rainfall 
varies  much  less  during  the  year  than  the  evaporation;  also  that  in 
an  average  year  the  rainfall  is  6.68  inches  greater  than  the  evaporation. 
The  average  year  may  be  divided  into  two  periods,  one  extending  from 
May  to  September,  inclusive,  in  which  the  evaporation  is  8.77  inches 
greater  than  the  rainfall;  and  the  other  extending  from  October  to 
April,  inclusive,  in  which  the  rainfall  exceeds  the  evaporation  by  15.45 
inches. 

"In  the  year  of  low  rainfall  the  evaporation  was  6.34  inches  greater 
than  the  rainfall.  During  the  warmer  months,  from  April  to  Septem- 
ber, inclusive,  the  excess  of  evaporation  was  15.22  inches,  and  during 
the  other  six  months  the  rainfall  was  8.88  inches  in  excess  of  the 
evaporation.  These  figures  indicate  that  a  pond  will  not  lower  by 
evaporation  in  a  dry  summer  more  than  about  fifteen  inches,  even 
if  it  receives  no  water  from  its  water-shed." 

The  following  analysis  is  presented  of  the  figures  used  by  Messrs. 
FitzGerald,*  Stearns,f  and  Freeman.^  The  first  two  publications  refer 
to  the  Sudbury  River,  and  the  data  used  were  the  same.  Mr.  Stearns 
also  used  Mr.  FitzGerald's  data  on  evaporation  as  a  basis  for  his  cal- 
culations. The  only  differences  are  in  the  method  of  applying  the 
data.  Mr.  FitzGerald  based  his  calculation  on  the  total  area,  in- 
cluding water,  and  Mr.  Stearns  reduced  the  figures  for  flow  at  the 
outset  to  a  basis  of  land  area,  as  is  done  in  this  paper.  In  using  Mr. 
FitzGerald's  figures,  they  have  been  changed  by  the  necessary  cal- 
culation to  make  them  comparable  with  the  others.  Mr.  Free- 
man's figures  relate  to  the  Croton  River,  and  those  finally  reached 
are  in  the  shape  of  a  diagram  from  which  the  values  in  the  following 
tables  have  been  scaled,  with  such  calculation  as  necessary  to  bring 
them  to  the  uniform  basis.  Mr.  Freeman  also  used  Mr.  FitzGerald's 
evaporation  results  as  a  basis  for  his  allowances. 

All  the  figures  in  the  following  tables,  therefore,  rest  on  Mr.  Fitz- 
Gerald's work.  They  are  of  interest  as  showing  the  amount  of  the 
corrections  actually  used,  and  they  are  also  important  because  these 
tables  and  diagrams  have  been  those  that  have  been  used  most  widely 
in  estimating  the  capacity  of  other  sources. 

The  storage,  in  millions  of  gallons  per  square  mile  of  land  area, 
computed  for  no  water  area  and  for  6%  water  area  (6.38%  of  the  land 
area.)   are  given  in  Table  23. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXVII,  p.  253. 

+  Report,  Massachusetts  State  Board  of  Health,  1890,  p.  335. 

t  Report  upon  New  York  Water  Supply,  1900,  p.  230. 
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TABLE  23. 


Draft,  in 
gallons 
per  day. 

FitzGbrald. 
Sudbury  River. 

Stearns. 
Sudbury  River. 

Freeman. 
Croton  River. 

No 
water. 

6% 
water. 

Differ- 
ence. 

No 
water. 

6% 
water. 

Differ- 
ence. 

No 
water. 

6% 
water. 

Differ- 
ence. 

100  000 

200  000 

300  000 

400  000 

500  000 

600  000 

700  000 

800  000 

900  000 

0.3 

8.8 

28.5 

51.3 

75.8 

100.6 
140.0 
199.1 
334.1 

6.9 
15.6 
35.1 
56.6 
79.1 

107.0 
157.0 
215.0 
342. 0 

6.6 
6.8 
6.6 
5.3 
3.3 

6.4 
17.0 
15.9 

7.9 

0.6 
9.4 

29.8 
52.0 
76.5 

102.0 
144.4 
202.3 
346.2 

8.8 
18.0 
36.1 
57.5 
80.3 

107.1 
161.6 
219.5 
352.2 

8.2 
8.6 
6.8 
5.5 
3.8 

5.1 
17.2 
17.2 

6.0 

5 
14 
29 
51 
75 

100 
139 

157 
207 

8 
20 
35 
57 

82 

108 
134 
162 
216 

3 

6 
6 
6 

7 

8 
5 
5 
9 

The  figures  under  the  headings  "Diflference"  indicate  the  additional 
storage  required  to  compensate  for  loss  by  evaporation  with  6%  water 
area.  These  may  be  conveniently  stated  in  terms  of  the  depth  of  water 
over  the  area  of  the  water  surface.  The  figures  reduced  to  this  basis 
are  given  in  Table  24. 

TABLE  24. 


Excess  Storage  in  Depth  over  Water  Area,  in  Inches. 

Draft,  in  gallons  per  day. 

FitzGerald. 
Sudbury  River. 

Stearns. 
Sudbury  River. 

Freeman. 
Croton  River. 

100  000 

6.0 
6.1 
6.0 

4.8 
3.0 

5.7 
15.3 
14.3 

7.1 

7.4 
7.7 
5.7 
5.0 
3.4 

4.6 
15.5 
15.5 

5.4 

2.7 

200  000 

5.4 

300  000 

5.4 

400  000 

5.4 

500000    

6.3 

600  000 

7.2 

700  000 

4.5 

800  000 

4.5 

900  000 

8.1 

7.6 

7.8 

5.5 

All  this  work  has  been  checked  by  the  writer  by  an  independent 
calculation,  which  indicates  the  substantial  accuracy  of  the  methods 
of  calculation  which  are  thus  summarized.  This  was  done  by  mak- 
ing tables  of  corrected  flows  for  the  Croton,  Sudbury,  and  Wachusett 
records.  The  actual  water  area  was  taken  into  account  for  each 
month,  the  quantity  of  rainfall  on  it  and  the  quantity  lost  by  evapor- 
ation, using  Mr.  FitzGerald's  "figures  for  all  three  sources.  In  this 
way  the  calculated  run-off  was  obtained  for  an   area  with  no  water 
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exposed  to  evaporation.  By  similar  procedure,  the  quantity  of 
run-off  was  calculated-  from  the  assumption  that  there  was  0.1  sq. 
mile  of  water  area  for  each  square  mile  of  land.  The  storage  required 
to  maintain  certain  drafts  was  then  computed.  These  results  are 
shown  graphically  in  Figs.  2,  3,  4,  7,  8,  9,  18,  19,  and  20.  The  excess 
storage,  expressed  in  inches  of  depth,  for  an  area  having  0.1  sq. 
mile  of  water  area  for  1  sq.  mile  of  land  area,  as  compared  with  no 
water  area,  was  found  to  be  practically  the  same  for  assumed  drafts 
of  200  000,  400  000,  600  000,  and  800  000  gal.  per  sq.  mile.  For  the 
Croton,  the  average  excess  storage  required  in  years  of  different  degrees 
of  dryness  was  as  follows : 

80%  Year 6.7    Inches. 

90%       "    7.7 

95%       "    8.6 

98%       "    9.5 

99%       "    10.0 

The  figures  are  two-thirds  of  the  maximum  excess  of  summer 
evaporation  over  rainfall  for  years  of  the  same  degree  of  dryness.  The 
excess  storage  required  on  the  Wachusett  Reservoir  was  slightly  less 
than  for  the  Croton,  and  on  the  Sudbury  slightly  more.  These  differ- 
ences result  from  changes  in  the  distribution  of  the  rainfall  as  much 
as  from  variations  in  the  total  quantity.  It  would  be  easy  to  intro- 
duce refinements  in  this  calculation  and  extend  it,  but  the  accuracy 
of  the  data  do  not  warrant  it. 

Independent  Study  as  to  Evaporation. — All  the  figures  thus  far 
given  are  based  indirectly  on  Mr.  FitzGerald's  experiments.  In  the 
case  of  three  of  the  streams  for  which  flow  data  are  available,  namely, 
the  Croton  and  Sudbury  Rivers  and  the  Wachusett  Reservoir,  there 
has  been  an  increase  of  water  area  during  the  period  covered  by 
the  records.  If  the  excess  of  evaporation  over  rainfall  on  this  added 
water  area  was  large,  it  would  be  expected  that  the  records  of  flow 
would  show  the  influence  of  this  increase.  To  investigate  this  mat- 
ter, each  record  was  divided  into  two  parts,  the  latter  of  which  in 
each  ease  represents  a  larger  percentage  of  water  area.  The  storages 
required  to  maintain  flows  of  100  000  and  200  000  gal.  per  sq.  mile 
were  taken,  and  the  storage  required  to  maintain  the  flow  in  the  95% 
year  found  for  them.     The  results  are  shown  in  Table  25. 
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TABLE  25. 


Croton. 


1st 
series. 


l.eiifjth  (if  time,  in  years 24  20 

I'eroeiitat-'e  (if  water  area 1.02        -i.^'i 

StoraKP.  in  millions  of  RsUons  per  square 

mile  of  land,  re()uire(i  to  niaintaia  a  flow 

of  0.1  million  gallons  per  .square  mile  of 

land  in  l».')»o  year 

Storage,  in  millions  of  gallons  per  s(iuare 

mile  of  land,  required  to  maintain  a  flow 

of  0.3  million  gallons  per  square  mile  of 

land  in  95'V  year 10.7         12.1 

Increase  In  water  area 1 .809o 

Increase  in  storage,  0.1 o.O 

0.3 1.4 


2d 
series. 


Average 


Equivalent  depth  of  water  over  additional 

exposed  area,  in  inches 

Weighting  factor 


2.2 
44  X  l.HO  =  79 


Sudbury. 


1st 
series. 


10 
2.56 


2.0 


12.9 


2d 
series. 


12 
3.53 


1.5 


0.97"o 

0.5 

4.7 


8.2 


23 


15.4 
<  0.97 


Wachusett. 


1st 
series. 


7 
2.23 


2.4 


2d 
series. 


3. 

1.5 

7.0 


8 
5.85 


1.5 


9.4 


6.7 
15  X  3.63 


Weighted  averase  for  all  three,  net  loss,  1.4  in. 


On  the  basis  of  the  weighted  average,  a  net  loss  by  evaporation  of 
1.4  in.  is  shown.  The  relative  loss  would  obviously  be  greater  in  a 
(h-ier  year.  Repeating  the  calculation  for  the  98%  year,  the  excess 
evaporation  on  a  weighted  average  is  found  to  be  2  in.  This  is  less 
tlian  one-third  of  the  average  quantity  deduced  in  the  preceding 
calculations. 

Tn  the  Sudburj'-  records  the  second  series  clearly  represented  a  less 
(li-.\  time  thiin  the  earlier  series,  and  a  cliange  in  this  respect  was  more 
than  enough  to  offset  any  influence  e.xerted  by  evaporation  on  the 
increased  water  surface.  In  the  same  way,  the  second  Wachusett  series 
represents  a  drier  period  than  the  earlier  one,  and  the  effect  of  evai)o- 
ration  is  probably  less  than  is  indicated  by  these  figures.  As  far  a.s 
these  data  go,  they  indicate  that  the  allowances  made  by  ilessrs.  Fitz- 
Gerald,  iStearns,  and  Freeman  were  at  least  sufficient  for  these  streams. 

Obviously,  tlie  amount  of  thi.s  allowance,  which  is  relatively  small 
in  these  particular  cases,  and  not  a  matter  of  the  first  importance  in 
calculating  the  storage  on  these  streams,  would  become  greater  with 
.^mailer  rainfall  or  with  greater  relative  evaiioration  sucli  as  must  be 
anticijjated  in   many  ])laces.     On  tlie  othin'  liaml,  for  some  reservoirs. 
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even  in  the  driest  years,  the  rainfall  on  the  water  area  will  exceed  the 
evaporation. 

As  to  the  Method  of  Applying  the  Allowance  for  Evaporation. — The 
whole  process  may  be  conveniently  divided  into  three  parts.  The  first 
consists  in  excluding  the  water  area  from  the  computation  and 
reckoning  the  discharge  on  the  land  area  only.  This  was  done  at 
the  outset  with  most  of  the  data  used  in  this  paper. 

The  second  consists  in  finding  the  probable  mean  yield  or  mean 
loss  from  the  water  area,  and  adding  it  to  or  subtracting  it  from  the 
estimated  run-off  from  the  land  area,  thereby  obtaining  a  corrected 
estimate  of  the  mean  annual  flow  from  the  whole  area.  It  may  be 
noted  that  the  relative  variation  in  yield  from  water  area  is  greater 
than  in  jaeld  from  land  area.  It  follows  that,  as  the  water  area 
increases,  the  coefficient  of  variation  of  the  mean  annual  flow  will 
increase.  With  large  percentages  of  water  area,  this  is  a  matter 
that  must  be  taken  into  account.  With  only  such  variations  as 
are  represented  by  forming  reservoirs  for  the  development  of 
ordinary  catchment  areas,  the  change  in  the  coefficient  will  not  be 
large,  and  its  effect  may  usually  be  overlooked. 

The  third  step  is  to  find  the  amount  by  which  the  evaporation  will 
exceed  the  rainfall  during  the  period  of  depletion  of  the  reservoir 
in  a  dry  year.  The  amount  of  this  excess,  in  inches  over  the  whole 
water  area  of  the  reservoirs,  represents  a  quantity  of  water  which 
must  be  added  to  the  calculated  storage,  in  order  to  obtain  the  total 
required  storage  to  maintain  a  given  draft,  or,  in  the  reverse  calcvila- 
tion,  it  must  be  deducted  from  the  capacity  of  a  reservoir  before  cal- 
cula.ting  the  maintainable  yield  from  it. 

In  the  case  of  the  Croton,  Sudbury,  and  Wachusett  Reservoirs, 
on  the  best  available  evidence,  the  amount  of  this  allowance  should 
be  between  6  and  10  in.  This  is  considerably  less  than  the  maximum 
evaporation  in  excess  of  rainfall  in  all  the  dry  months  of  a  dry  year. 
This  latter,  from  the  best  data,  amounts  to  about  15  in.  The  allow- 
ance, therefore,  is  from  one-half  to  two-thirds  of  the  maximum  amount 
that  a  reservoir  without  inflow  or  outflow  would  lower  in  a  dry  year. 

The  reason  the  allowance  is  less  than  the  full  amount  of  such 
lowering  is  that  the  period  of  depletion  due  to  draft  of  water  at  a 
steady  rate  does  not  coincide  with  the  period  during  which  the  evapo- 
ration is  greater  than  the  rainfall. 
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For  other  climatic  conditions,  it  is  apparent  that  the  allowance 
would  vary.  It  will  increase  with  the  evaporation  and  will  decrease 
with  the  rainfall,  and  it  will  increase  relatively  with  the  length  of 
the  period  of  depletion.  That  is  to  say,  with  a  well-marked  seasonal 
fluctuation  in  rainfall,  the  correction  for  evaporation  may  be  greater 
than   with   well-distributed  rainfall. 

For  roughly  approximate  work,  the  writer  suggests  that  the  allow- 
ance for  evaporation  in  a  95%  dry  year  may  be  estimated  as  equal 
to  the  mean  annual  evaporation,  loss  two-thirds  of  the  mean  annual 
rainfall.  Such  a  rule  cannot  be  regarded  as  close,  and  it  is  probable 
that  additional  data  will  lead  to  its  modification.  On  present  infor- 
mation, the  probable  error  involved  by  its  use  will  not  be  very  great, 
except  in  the  case  of  large  and  shallow  reservoirs. 

Storage  on  a  Tributary. 

The  ordinary  condition  of  storage  is  in  a  reservoir  on  a  main 
stream,  so  that  all  the  catchment  area  is  tributary  to  it.  It  frequently 
happens  that  the  best  reservoir  site,  or  the  actual  reservoir,  is  on  a 
branch  stream  where  only  part  of  the  catchment  area  is  tributary  to  it, 
and  the  question  arises  as  to  how  far  the  storage  on  such  a  tributary 
is  equivalent,  or  nearly  equivalent,  to  storage  on  the  main  stream. 

This  matter  was  investigated  at  Springfield  in  connection  with 
the  Borden  Brook  Eesen-oir,  which,  as  a  first  development,  had  only 
one-sixth  of  the  Little  River  catchment  area  tributary  to  it.  It  was 
also  investigated  by  Mr.  R.  R.  Marsden  and  the  late  Richard  Hazen, 
Jun.  Am.  Soc.  C.  E.,  as  a  graduation  thesis  at  the  Thayer  School  of 
Civil  Engineering,  in  1909. 

Storage  on  a  tributary  is  obviously  as  useful  as  storage  on  a  main 
stream,  up  to  the  point  where  the  reservoir  would  be  certain  to  fill 
in  the  driest  winters.  For  streams  of  the  character  of  those  in  the 
East  now  under  discussion,  this  is  represented  by  about  12  in.  of 
storage  for  the  area  back  of  the  reservoir. 

Additional  investigation,  however,  has  shown  that  a  larger  reser- 
voir is  filled  in  the  years  that  precede  the  driest  year;  that  it  is  used 
in  maintaining  the  flow  during  the  driest  year;  and  though  it  may 
not  refill  in  the  winter  following  the  driest  year,  that  fact  is  imma- 
terial because  enough  water  will  be  collected  to  serve  during  the  year 
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following  the  driest  year;  and,  in  the  years  that  follow,  the  reservoir 
will  be  refilled  before  another  extremely  dry  year  occurs. 

It  was  found  that  with  12  in.  of  storage  on  the  main  stream  as 
the  greatest  qiiantity  which  could  be  counted  on  to  be  refilled  with 
certainty  each  winter,  a  reservoir  on  a  tributary  holding  18  in.  from 
the  area  back  of  it,  or  50%  more  than  the  maximum  size  that  could 
be  refilled  every  winter  with  certainty,  was  practically  as  serviceable 
as  an  equal  volume  of  storage  on  the  main  stream.  That  is  to  say, 
on  a  given  catchment  area  1  000  000  000  gal.  of  storage  on  a  tributary 
is  substantially  as  useful  as  1  000  000  000  gal.  of  storage  on  the  main 
stream,  up  to  the  point  where  the  area  tributary  to  the  reservoir  will 
suffice  in  the  driest  winters  to  furnish  two-thirds  of  the  capacity  of 
the  reservoir.  With  a  larger  reservoir,  there  is  some  further  gain 
with  increasing  size,  but  in  a  diminishing  ratio. 

How  Far  Will  it  Pay  to  Go  in  Providing  Storage. 

In  the  past  the  question  h;is  been  mainly  discussed  on  the  basis 
of  providing  storage  sufficient  to  maintain  the  supply  through  a 
period  of  years  as  dry  as  those  taken  as  the  limiting  condition, 
usually  those  from  1879  to  1883.  We  now  have  data  to  make  an 
estimate  of  the  probability  of  the  occurrence  of  years  of  various 
degrees  of  dryness,  and  it  remains  to  determine  which  shall  be  used. 
Obviously,  it  is  necessary  to  provide  storage  sufficient  to  mnintain 
the  supply  in  as  dry  years  as  any  that  occur  with  considerable  fre- 
quency. It  is  equally  obvious  that  it  will  not  ordinarily  pay  to  pro- 
vide storage  to  maintain  the  full  supply  through  a  year  so  dry  that 
it  will  recur,  say,  only  once  in  100  years.  The  chances  are  that  a 
supply  now  built  will  have  passed  through  the  whole  period  during 
which  it  is  able  to  maintain  its  intended  service,  and  will  have  been 
reinforced  with  other  supplies  before  the  dry  year  for  which  it  is 
built  would  occur. 

It  has  not  been  infrequent,  in  American  practice,  for  cities  to 
have  somewhat  less  than  a  full  supply  in  vei'y  dry  years.  In  some 
cases,  where  water  is  being  wasted,  a  moderate  shortage  may  be  a 
blessing  in  disguise,  for  it  brings  about  a  study  of  conditions  of 
supply  and  a  stoppage  of  waste,  which  is  advantageous  to  the  sys- 
tem. This  proved  to  be  the  case  with  the  recent  dry  period  in  the 
New  York  City  Works.     No  such  advantage  results  where  the  services 
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are  all  metered  and  leaks  are  reduced  to  a  miuiuiiiiii,  but,  on  the 
other  hand,  there  is  inconvenience  and  loss  from  a  shortage  of  water. 
Nevertheless,  it  is  possible,  in  a  very  dry  year,  to  cut  off  some  uses 
of  water  and  reduce  the  output,  and  it  will  be  better  to  do  this  once 
in  a  l^ug-  term  of  years  than  to  spend  additional  money  on  storage 
to  lio  iiut  seldom  used. 

It  has  been  pointed  out  that,  normally,  the  consumption  of  water 
by  a  city  is  steadily  increasing,  and  that  the  supply  available  at  the 
reservoir  fluctuates  from  year  to  year  with  the  rainfall.  There  is  only 
a  moderate  probability  of  a  very  tlry  year  occurring  at  the  same  time 
that  the  city  reaches  the  dry-weather  capacity  of  the  source.  In 
other  words,  if  the  supply  is  designed  so  that  the  full  service  can 
Ik"  maintained  19  years  out  of  20,  there  is  only  a  slight  probability 
that  the  very  dry  year  which  cannot  maintain  the  supply-  will  be 
one  of  the  same  years  in  which  the  consumption  has  grown  until  it 
has  reached  the  full  capacity  of  the  source. 

Another  consideration  that  may  be  taken  into  account  in  cases 
where  several  systems  are  near  each  other  is  the  possibility  of  buy- 
ing- water  from  neighboring  cities  in  a  very  dry  year.  Growth  is 
always  anticipated  to  a  greater  or  less  extent  in  reservoir  supplies, 
aiul  in  other  water-works  structures,  and  the  chance  that  all  of  a 
group  of  cities  would  require  the  full  quantity  provided  for  each  at 
the  same  time  is  small.  Then  there  is  the  chance  of  getting  tem- 
porary siipi)lies  of  inferior  quality  in  times  of  great  emergency.  This 
is  more  practicable  at  the  present  time  because  of  the  possibility  of 
disinfecting  the  water  and  reducing  the  danger  of  infection. 

Impounding'  reservoirs  are  very  stable  structures,  and  subject  to 
but  little  depreciation.  If  5%  is  the  average  annual  value  of  capital 
invested  in  them  by  cities,  and  it  costs  $100  per  million  gallons  of 
capacity  to  build  a  reservoir  larger,  it  will  cost  $5  per  annum  for 
the  chance  of  using  each  million  gallons  of  extra  water  when  it  is 
needed.  If  the  storage  is  sufficient  to  maintain  the  service  for  90% 
of  the  years,  there  would  be  a  chance  of  selling  the  first  additional 
water  in  one  year  in  ten.  On  this  basis,  the  cost  of  the  water,  when 
needed,  would  be  $50  per  million  gallons,  or  one-half  the  cost  per 
million  gallons  of  increased  reservoir  capacity.  In  other  words,  if 
the  value  of  the  chance  of  using  the  water  in  the  driest  year  is  worth 
half    the    cost    per    million    gallon?    of    I>uilding    the    reservoir    larger, 
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the  90%  dry  year  will  logically  be  used  as  a  basis  of  calculation. 
If  the  value  of  the  chance  of  using  the  water  in  the  driest  year  is 
equal  to  the  cost  per  million  gallons  of  building  the  reservoir  larger, 
it  will  pay  to  build  for  the  95%  dry  year,  and  if  the  chance  of  using 
the  water  is  worth  two  and  one-half  times  the  cost  per  million  gallons 
of  building  the  reservoir  larger  it  will  pay  to  go  to  the  98%  dry  year. 
There  are  matters  which  practically  enter  into  the  consideration 
of  this  question  and  are  not  capable  of  definite  analysis.  The  be- 
ginning of  the  driest  year  in  a  long  term,  which,  on  the  basis 
mentioned,  will  result  in  a  considerable  shortage  of  water  if  the 
whole  supply  is  then  needed,  may  not  be  distinguished  in  its  early 
stages  from  an  ordinary  dry  year  such  as  recurs  at  frequent  inter- 
vals, and  does  not  result  in  a  shortage  of  water.  When  the  very 
dry  year  comes  it  may  be  computed  that  it  will  be  possible  to  main- 
tain a  supply  equal  to  95%  of  the  normal  supply.  However,  if, 
during  the  first  half  of  the  period  of  depletion,  water  is  drawn  at 
the  full  rate,  it  will  obviously  be  possible  to  draw  water  at  only  90% 
of  the  full  rate  during  the  last  half  of  that  period.  If  the  draft  was 
continued  at  the  full  rate  for  three-fourths  of  the  period,  the  water 
remaining  would  only  sufiice  for  80%  of  the  normal  output  for  the 
remainder.  If  the  extent  of  the  dry  period  could  be  foreseen  at  its 
beginning,  it  would  be  possible  to  curtail  the  use  of  the  water  at 
the  beginning  of  the  dry  period,  so  that  no  great  hardship  would 
result;  but,  if  the  matter  of  curtailing  use  is  only  taken  up  after  most 
of  the  water  in  the  reservoir  is  gone,  there  may  be  serious  shortage  at 
the  end,  to  avoid  which  large  expenditures  would  be  justified. 

A  shortage  of  this  kind  has  a  far-reaching  effect,  and  after  it 
there  will  be  a  tendency  to  uneasiness  in  the  beginning  of  other  periods 
of  drought,  even  when  no  shortage  of  water  would  result. 

Such  uneasiness  may  lead  to  the  expenditure  of  large  sums  of 
money  for  temporary  supplies,  built  in  haste  and  not  well  adapted 
to  permanent  service;  and  such  supplies  may  not  prove  to  be  finally 
necessary,  for  the  rains  will  have  broken  the  drought  before  they  are 
ready  for  service.  Such  emergency  developments  are  vmfortunate, 
and  it  will  be  worth  while  to  spend  a  certain  additional  sum  of  money 
to  secure  increased  storage  to  prevent  the  chance  of  needing  them, 
even  though  the  water  thus  provided  may  never  be  required. 
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On  the  other  hand,  it  is  difficult  to  persuade  the  public  that  a 
source  of  supply  is  being  used  to  the  limit  of  its  proper  capacity 
while  water  runs  over  the  spillway  nine  years  out  of  ten,  and  espe- 
cially when  there  has  been  no  recent  period  of  water  shortage. 

The  matter  is  evidently  one  that  must  be  considered  broadly,  and 
an  extreme  view  cannot  be  maintained.  The  wisest  course  seems  to 
be  to  take  a  middle  basis  of  estimate,  such  as  the  95%  dry  year,  but 
to  recognize  fully  its  position,  and  to  be  prepared  at  intervals  to 
meet  a  moderate  shortage  in  supply. 

Applicatioin  to  a  Specific  Case. 

The  area  of  the  Croton  water-shed  is  360.4  sq.  miles,  of  which  19.3 
are  water  and  341.1  are  land.  The  estimated  run-off  from  water  area 
is  9.5  in.  and  from  land  area  24.0  in.  For  19.3  sq.  miles  of  water  the 
production  of  water  is  as  great  as  on  7.6  sq.  miles  of  land,  and  the 
whole  catchment  area  produces  as  much  water  as  348.7  sq.  miles  of 
land  area.  The  total  storage,  including  water  held  by  flash-boards, 
but  excluding  water  in  the  bottoms  of  reservoirs  not  available  for 
supply,  is  104  billion  gallons.  From  this  an  allowance  for  evapora- 
tion equal  to  8  in.  in  depth  over  19.3  sq.  miles  must  be  deducted,  equal 
to  2.7  billion  gallons.  The  reservoirs,  therefore,  have  a  net  available 
storage  of  101  300  million  gallons,  equal  to  '290  million  gallons  per 
square  mile  of  area.  A  line  representing  the  storage  is  drawn  across 
Fig.  31,  and  the  values  in  Table  26  are  obtained. 

TABLE  26. 


Year  of  what  degree 
of  dryness. 

Maintainable  yield  in  thousands  of 
gallons  per  square  mile  per  day. 

Total  yield  of  catchment 

area  in  millions  of 

gallons  per  day. 

800/6 

mo 

95% 
98% 
99% 

1020 
970 
980 
890 
869 

356 
338 

312 
303 

The  calculation  may  be  made  in  another  way,  using  Figs.  33  and 
34.  The  mean  average  run-off  for  the  Croton  River,  349  sq.  miles  of 
equivalent  land  area,  at  1  137  000  gal.  per  sq.  mile  per  day,  is  397 
million  gallons  daily,  or  1  450  billion  gallons  per  annum.  The  storage 
is  104  billion  gallons.  From  this  deduct  evaporation  equal  to  8  in. 
in  depth  over  the  water  area,  2.7  billions,  and  add  for  natural  storage 
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equal  to  23  days'  supply  at  an  assumed  yield  of  320  million  gallons 
per  day,  7.4  billions,  which  makes  the  total  net  storage,  natural  and 
artificial,  108.7  billion  gallons,  equal  to  0.750  of  the  mean  annual 
run-off. 

Referring  to  Fig.  33  and  interpolating  between  the  lines  for  the 
coeiRcient  of  variation,  which  is  0.239  for  the  Croton  River,  it  is  found 
that  in  a  95%  year  82.0%  of  the  mean  annual  run-off  should  be 
utilized,  which  is  equal  to  326  million  gallons  per  day.  In  Fig.  34  it  is 
found  that  in  a  98%  year  78.2%  of  the  mean  annual  flow  should  be 
utilized,  equal  to  310  million  gallons  per  day.  These  figures  check 
those  previously  reached,  and  illustrate  a  method  of  computation 
that  would  be  more  frequently  used. 

It  may  also  be  seen,  from  the  position  of  the  point  showing  the 
quantity  of  flow  on  these  diagrams,  that  the  probable  maximum  time 
that  the  reservoir  will  not  entirely  fill  in  a  20-year  period  is  about 
5  years,  being  slightly  greater  for  the  larger  of  the  two  drafts  and 
slightly  less  for  the  smaller  one. 

These  figures  mean  that,  assuming  the  exact  accuracy  of  the  data 
and  methods  of  computation,  with  a  steady  draft  of  326  million  gallons 
per  day,  there  will  probably  be  a  shortage  during  some  part  of  one 
year  in  twenty.  With  a  like  draft  of  310  million  gallons  per  day  the 
shortage  may  be  expected  in  one  year  in  fifty,  etc.  The  figures  do 
not  mean  that  there  is  only  one  chance  in  50  that  the  supply  will 
fall  below  310  million  gallons  per  day  in  any  given  year.  They  do 
not  mean  this  because  there  are  other  soiirces  of  error  than  those  thus 
far  taken  into  account.  Thus  there  are  errors  in  the  measurement  of 
water  and  in  the  methods  of  calculation. 

Actual  Probability  of  Shortage  in  Supply. 

If  it  were  required  to  estimate  the  quantity  of  water  such  that 
taking  all  these  matters  into  account  there  will  be  only  one  chance 
in  20  or  50  that  the  yield  in  any  given  year  will  fall  below  it,  it  ought 
to  be  possible  to  make  an  approximate  estimate  of  such  amounts. 

The  following  is  suggested  as  the  general  means  of  procedure,  and 
is  presented  as  an  illustration  and  not  with  a  view  to  attach  importance 
to  the  particular  figures  used.  The  foregoing  figures  are  plotted 
on  probability  paper  on  Fig.  37,  and  the  line  extended  crosses  the 
50%   line  at  390  million  gallons  per  day,   and  this  will  be  taken   as 
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the  starting  point  for  the  calculation.  It  crosses  the  99%  line  at  299 
million  gallons  per  day.  The  difference  between  the  50%  and  the 
99%  year  by  the  normal  law  of  error  is  3.45  times  the  probable  error. 

390 299 

Tlie    probable     error    in    one    term,    therefore,    is    — ^^ =  2('t.4 

million  gallons  per  day.  This  is  equal  to  6.78%  of  390  millions,  the 
starting  point  of  the  calculation.  This  figure  may  be  taken  as  the 
probable  error  in  one  term  of  the  series  of  annual  available  quantities, 
on  the  assumption  that  there  is  no  error  in  the  figure  used  for  the 
mean  annual  flow  of  the  stream. 

The  probable  error  in  the  general  average  for  the  whole  series,  with 

0.239  X  0.674 

a  standard  variation  of  0.239  and  a  period  of  4.>  vears,  is  — v^zr 

V45 
=  2.4  per  cent.     The  probable  error  in  the  calculated  mean  flow,  the 

storage  being  above  the  critical  point,  as  a  result  of  this  error,  is  0.8 
of  this,  or  1.9  per  cent. 

It  may  be  assumed  that  the  probable  error  in  the  measurement 
of  water  is  3%,  and  that  there  are  errors  in  calculations  and  methods 
amounting  to  2  per  cent.  These  probable  errors  are  not  cumulative, 
but  will  probably  offset  each  other  in  part.  The  probable  error  of 
the  combination  will  be  greater  than  the  probable  error  of  any 
of  the  parts,  but  will  not  be  eqvial  to  the  sum  of  the  probable  errors 
of  the  parts.  Following  the  basic  method  of  ascertaining  the  standard 
variation  and  the  probable  error,  it  may  be  assumed  that  the  probable 
error  of  the  combination  is  equal  to  the  square  root  of  the  sum  of 
the  squares  of  the  separate  probable  errors.  The  probable  error  of 
the  combination  calculated  in  this  way  is: 


V  6.782  +  1.92  +  3'-  +  22  =  7.9  per  cent. 

For  the  99%  year  the  error  will  be  3.45  times  the  probable  error, 
or  27.2  per  cent.  Deducting  27.2%  from  the  starting  point  of  390 
million  gallons  per  day  leaves  284  million  gallons,  and,  on  the  basis 
taken,  we  should  be  justified  in  assuming  that  there  is  only  one 
chance  in  100  that  the  yield  will  fall  below  this  quantity  in  any  given 
year.     Other  values  are  given  in  Table  27. 

Taking  the  95%  year  as  a  basis,  there  is  a  5%  chance  that  there 
will  be  a  shortage  in  flow  in  any  given  year  with  a  steady  use  of  326 
million  gallons  per  day,  this  being  based  on  the  assumed  accuracy  of 
all  the  data   and  the  general  average  of  the  whole  term.     If.  in  addi- 
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tion.  insurance  is  to  be  written  against  tlie  errors  in  tlie  general 
average,  in  measurements  and  calculations,  to  the  extent  just  in- 
dicated, then  there  would  be  a  5%  chance  that  the  yield  would  fall 
below  315  million  gallons  per  day  in  any  one  year.  Fig.  37  shows 
these  two  lines  plotted  on  probability  paper. 

TABLE  27. 


comparative                ^firia/ioulr' 
dryness  of  year.              p^bablr^rror. 

Total 

percentage 

variation. 

Correspond  itig 
yield. 

80% 
90% 
95% 

99% 

1.25 
l.itO 
2.44 
3.05 
3.45 

9.9 
15.0 
19.3 
24.1 
27.2 

351 
:«l 
315 
290 
284 

The  ui)])er  line  represents  the  most  probable  conditions,  and  tliis 
should  be  used  as  a  basis  to  compare  different  catchment  areas  with 
each  other  and  for  similar  studies.  With  a  longer  record  for  any 
given  area,  there  is  certain  to  be  some  change  in  the  position  of  this 
line,  and  the  chances  are  equal  that  it  will  be  moved  up  or  down. 

The  lower  line  represents  extra  safe  or  conservative  assumptions. 
The  probabilities  are  that  when  more  data  are  available  it  will  be  found 
that  the  maintainable  yield  is  greater  than  indicated  by  this  line,  or, 
what  is  the  same  thing,  stated  in  the  other  way,  to  maintain  a  given 
yield  the  required  storage  will  be  found  to  be  less  than  sho\\ai.  This 
line  is  drawn  on  the  basis  of  not  taking  chances  and  resolving  all 
doubts  against  the  probable  supply  of  water.  It  seems  that  this  second 
line  may  be  useful  in  the  discussion  of  the  subject.  To  neglect  to 
consider  it  is  to  fail  to  take  into  account  the  full  measure  of  uncer- 
tainty that  there  really  is  in  the  first  line. 

Which  line  should  properly  be  used  as  a  basis  for  a  water  supply 
l)roject  must  be  a  matter  of  judgment,  and  will  not  be  discussed  at 
ihis  time.  It  is  important  to  point  out  the  difference  between  the  two 
bases  and  to  urge  that  it  shall  not  be  overlooked;  and  that,  whichever 
line  is  adopted,  it  shall  be  defined  so  clearly  that  there  can  be  no 
misunderstanding  as  to  what  is  meant. 

Conclusions. 
The   study   of   storage   and   maintainable   flow  of   streams   involves 
two  classes  of  relations:     First,  those  which  are  more  or  less  definite 
and   fixed,    and   can   he   analyzed    by   definite   processes;   second,   those 
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which  rest  on  conditions  too  complex  to  be  understood  and  analyzed 
by  ordinary  means  of  procedure. 

The  variations  of  the  second  class  follow,  in  a  general  way,  the 
normal  law  of  error,  although  some  well-defined  deviations  from  it 
have  been  found. 

This  paper  presents  a  graphical  method  of  reaching  an  approxi- 
mate solution  of  the  problem  in  probabilities  presented  by  these  varia- 
tions, and  permits  definite  results  to  be  obtained  from  the  data  of 
stream  flow  and  storage.  These  results  are  definite,  although  not 
exact.  They  may  be  used  with  confidence  within  limits  of  probable 
error,  and  these  limits  can  be  determined. 

Arranging  the  data  in  this  way  permits  results  to  be  obtained  for 
years  of  specified  degrees  of  dryness,  and  thus  it  is  possible  to  make 
studies  on  a  more  definite  basis  of  the  first  above  defined  class  of  rela- 
tions. It  is  found,  also,  that  if  the  storage  required  to  maintain  a 
flow  at  all  times  in  an  average  year  equal  to  50%  of  the  mean  flow 
of  the  stream  is  determined,  and  if  this  storage  is  expressed  in  terms 
of  days'  supply  as  the  assumed  rate  of  draft,  then  the  increased  num- 
ber of  days'  storage  for  higher  rates  of  draft  are  approximately  con- 
stant for  difl^erent  streams;  and,  on  the  other  hand,  the  reduction  in 
the  number  of  days'  storage,  with  equal  reductions  in  the  proportion- 
ate rates  of  draft,  are  nearly  the  same  for  all  streams. 

In  a  similar  manner,  the  increase  in  the  days'  storage,  in  a  year 
so  dry  that  only  one  year  in  twenty  is  drier  than  it,  is  greater  than 
the  storage  required  in  an  average  year  by  quantities  which  do  not 
differ  widely  for  different  streams.  In  this  way  it  is  possible  to  form 
normal  inclusive  curves  of  storage  for  various  rates  of  draft  and  for 
years  of  varying  degrees  of  dryness  that  will  apply  to  several  streams. 
The  actual  storage  required  for  any  stream  will  usually  be  less  than 
the  normal  by  an  amount  which  is  approximately  constant  for  various 
rates  of  draft  and  for  various  degrees  of  dryness.  In  this  way  it  is 
possible  to  find  how  the  storage  required  for  a  particular  stream  com- 
pares -with,  the  normal,  and  afterward  to  form  a  judgment  of  the 
storage  required  for  other  rates  of  draft  and  for  years  of  varying 
degrees  of  dryness.  Thus  an  estimate  may  be  made  which  will  be 
more  accurate  than  could  be  obtained  from  the  records  of  one  stream, 
however  long  continued. 
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It  has  long  been  known  that  in  some  streams  the  flow  is  steady  and 
in  others  it  is  variable.  This  fact  is  taken  into  account  in  this  study, 
and  a  figure  is  used  as  an  index  of  the  degree  of  this  variation.  This 
figure,  called  the  Coefficient  of  Variation,  can  be  obtained  from  the 
records  of  flow  of  any  stream  covering  a  sufficient  period,  and,  when 
obtained,  is  used  as  a  basis  for  comparing  the  data  for  that  stream, 
and  estimating  the  probable  storage  and  other  matters  in  connection 
with  relatively  high  rates  of  draft.  By  the  use  of  this  Coefficient  of 
Variation  it  has  been  found  possible  to  get  an  approximate  expression 
for  the  storage  required  to  carry  the  surplus  water  of  wet  years  over 
to  dry  years,  and  to  put  this  in  such  general  terms  that  it  applies 
almost  equally  well  to  eastern  streams  having  the  least  variation  in 
their  flows,  and  to  some  western  streams  for  which  data  were  ex- 
amined having  many  times  greater  relative  variations  in  their  flows. 

The  records  of  any  one  stream,  even  of  those  for  which  the  longest 
records  are  available,  are  too  short  to  establish  with  accviracy  the 
probabilities  of  the  occurrence  of  very  dry  years.  The  records  of  all 
the  streams  used  in  this  study  combined  into  a  single  series,  afford 
a  better  basis  for  estimating  the  probabilities  of  the  occurrence  of 
very  dry  years  than  the  records  of  any  one  stream.  ,  The  writer 
believes  that  the  basis  deduced  from  the  records  of  all  these  streams 
is  a  safer  one  to  use  than  the  records  of  any  stream  now  having  an 
available  record,  even  when  applied  to  that  particular  stream.  This 
is  especially  true  where  relatively  high  storages  and  rates  of  draft  are 
considered.  In  other  words,  the  normal  storage  diagrams,  as  applied 
with  suitable  allowances  for  local  conditions,  are  believed  to  afford 
a  more  reliable  basis  for  estimating  the  probable  yield  of  a  stream 
than  can  be  obtained  by  any  method  now  available  from  the  records 
of  that  stream  alone. 

The  methods  herein  described,  therefore,  should  afford,  not  only  a 
means  of  interpreting  more  accurately  the  data  available  for  streams 
that  have  been  gauged  for  long  periods,  but  should  make  it  possible 
to  make  better  estimates  of  the  probable  yields  of  streams  which 
have  not  been  gauged,  or  have  been  gauged  only  for  short  periods, 
and  the  performance  of  which  must  be  judged,  for  the  most  part, 
from  other  records  of  streams  similarly   situated. 

The  precision  of  results  reached  may  be  disappointing  to  those 
who  have  made  calculations  of  run-off  and  storage  carried  to  several 


2044    STORAGE  TO  BE  PROVIDED   IN    IMPOUXDING  RESERVOIRS     [Papers. 

decimal  places.  Such  a  degree  of  precision  is  not  to  be  inferred  from 
any  run-off  records  at  our  disposal. 

The  use  of  the  methods  herein  proposed  makes  it  possible  to  esti- 
mate the  probable  errors  in  the  results  reached;  and  frank  recog- 
nition of  the  large  probable  errors  in  many  of  the  results  cannot 
fail  to  be  advantageous. 

The  methods  of  analysis  herein  proposed  seem  to  be  capable  of 
application  to  other  engineering  problems,  and  their  use  will  lead 
to  more  accurate  knowledge  of  phenomena  which  contain  large  and 
unexplained  elements  of  variation. 
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By  John  W.  Alvord,  M.  Am.  Soc.  C.  E. 
To  BE  Preskxted  December  17th,  1913. 


Depreciation  has  been  discussed  so  fully  since  the  regulation  of 
public  properties  has  become  important,  that  space  will  not  be  taken 
here  to  review  fundamentals.  This  discussion  is  directed  to  the  ques- 
tion of  the  general  relation  of  depreciation  and  its  effects  on  the  fair 
return  of  a  utility  property,  and  also,  to  some  extent,  to  methods  of 
accounting  for  depreciation  in  the  administration  of  such  properties. 

For  the  general  purpose  of  this  paper,  it  will  be  considered  that 
the  term  "depreciation"  covers  all  the  losses  of  value  that  occur  in 
property,  plants,  or  parts  thereof,  from  wear  and  tear,  obsolescence, 
or  inadequacy.  In  other  words,  it  will  make  no  difference  in  this 
studj'  whether  the  loss  of  value  arises  because  the  structure  is  out- 
grown, becomes  obsolete  through  changes  in  the  art.  or  is  merely  worn 
out.  All  these  various  ways  by  which  value  is  lessened  will  be  classed 
under  the  general  term,  "depreciation". 

The  Reproduction  Method  of  Valuation. — In  dealing  with  depreci- 
ation as  affecting  valuations,  it  must  be  clearly  borne  in  mind  that 
we   are   discussing  only  that  line   of  evidence   as  to   valvte  known   as 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and.  when  finally  closed,  the 
Iiapers.   with  discussion   in   full,   will   be  published    In    Transactions. 
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the  reproduction  method  or  cost  new  less  depreciation.  This  line 
of  evidence  is  only  one  source  of  information  as  to  value,  because 
plants  or  properties  may  or  may  not  be  worth  what  it  costs  to  repro- 
duce them,  and  no  appraisal  or  valuation  is  at  all  complete  which 
relies  wholly  on  reproduction  or  cost  new  less  depreciation  methods. 
Other  lines  of  evidence  are  equally  important  before  arriving  at  value. 

The  reproduction  method,  however,  is  an  important  line  of  evidence, 
and  must  always  be  studied;  and  the  relation  of  depreciation  to  cost 
new  is  therefore  vital.     This  relation  is  discussed  herein. 

Depreciation  as  Affecting  the  Fixing  of  Rates. — Recently,  the 
question  has  been  asked,  ''Should  depreciation  be  deducted  from  the 
investment  cost  of  a  property  before  computing  fair  return?"  This 
question  was  discussed  by  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  in 
his  paper  entitled  "The  Appraisal  of  Public  Service  Properties  as  a 
Basis  for  the  Regulation  of  Rates."*  Mr.  Grunsky  contends  that 
depreciation  should  not  be  deducted  for  rate-making  purposes,  but 
the  original  investment  should  be  used  for  the  fixing  of  ra.tes,  on  the 
theory  that  the  investment  must  be  maintained  intact,  first,  by  the 
maintenance  of  the  plant,  and,  second,  by  a  sum  set  aside  for  renewals 
from  time  to  time.  The  question  is  also  discussed  in  a  paper  by  Mr. 
Robert  H.  Whitten.f  of  the  New  York  Public  Service  Commission,  who 
concludes  that,  for  rate-making  purposes,  the  depreciation  should  be 
deducted  from  the  reproduction  cost.  Mr.  Samuel  S.  Wyer,:}:  of 
Columbus,  Ohio,  expresses  the  opinion  that  the  cost  of  reproduction, 
less  accrued  depreciation,  is  not  the  proper  basis  for  rate-making,  but 
does  not  make  it  quite  clear  whether  he  means  this  to  apply  to  cases 
where  the  sinking  fund  for  depreciation  is  in  hand  or  not. 

Here,  therefore,  there  seems  to  be  a  very  serious  disagreement, 
among  authors  who  have  written  recently  on  this  subject,  as  to  whether 
or  not  depreciation  should  be  deducted  from  the  cost  new  of  a  property 
for  finding  value  for  rate-making  purposes  where  the  reproduction 
method  is  adopted  as  a  basis  of  value.  It  seems  to  be  desirable,  there- 
fore, to  present  a  further  study  of  this  question.  Certainly  there  must 
be  in  this,  as  in  all  other  questions  relating  to  this  difiicult  subject 
of   valuation,    a  just   and   equitable   relation   between   the   public   and 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXV,  p.  770. 
f  Engineering  News.  May  8th,  1913. 

t  In  his  book,  published  recently,  "  Regulation,  Valuation,  and  Depreciation  of  Public 
Utilities,"  Chapter  13,  p.  185. 
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the  public  utility  owners,  which  is  founded  on  rational  analysis  and 
common  sense. 

At  the  outset,  it  may  be  said  that  the  sinking-fund  method  seems 
to  be  an  accurate  way  to  compute  depreciation  where  all  or  most  of 
the  life  history  is  known,  as  it  consists  largely  in  finding  past  deprecia- 
tion. This  is  mainly  because  tJhe  sinking  fund  is  without  emolument 
to  the  owners  of  the  plant,  and  therefore  has  in  it  no  element  of  con- 
fusion. 

The  sinking-fund  method  of  computing  or  allowing  for  depreciation 
consists  in  determining  the  proper  useful  life  of  the  structure  or 
machine  under  consideration,  and  setting  aside  from  year  to  year  a 
sum  of  money  which,  with  its  annual  increment  of  interest,  will,  at 
the  end  of  the  assumed  life,  replace  the  structure  or  machine  in 
question. 

In  case  a  portion  of  the  life  has  passed  away,  the  present  value  of 
such  structure  or  machine  is  assumed  to  be,  in  a  general  way,  the 
present  cost  of  replacement  new,  less  the  accrued  amount  of  the  de- 
preciation fund  to  date. 

The  sinking-fund  method,  however,  when  practically  applied  to  a 
great  variety-  of  structures  in  a  plant  of  a  wide  and  varied  character, 
is  a  complicated  and  difficult  way  for  the  accountant  to  write  off 
depreciation  for  the  future,  especially  where  most  of  the  data  must  be 
assumed  and  where  they  do  not  warrant  that  degree  of  accuracy  that 
a  sinking-fund  computation  would  imply. 

It  is  often  found  practical,  therefore,  and  rational,  to  determine 
past  depreciation  on  the  terms  of  a  sinking-fund  basis,  while  future  de- 
preciation may  be  practically  set  aside  on  a  uniform-increment  method 
for  simplification.  There  seems  to  be  no  reason  why  the  two  methods 
cannot  be  made  to  correspond,  if  desired,  or  why  this  combination  is 
not  as  rational,  under  the  circumstances;  as  the  future  is  quite  largely 
prophecy,  in  any  event. 

In  dealing  with  theory,  however,  it  seems  best  to  use  the  sinking- 
fund  method  in  illustration,  as  it  appears  to  be  the  accurate  way  in 
which  to  think  out  the  governing  principles. 

Actual  versus  Theoretical  Depreciation  Funds. — Let  it  be  clearly 
understood,  first  of  all,  that  a  sinking  fund  for  depreciation,  actually 
set  aside  under  suitnble  trust  provisions,  is  to  be  considered  as  a  part 
of  the  property,  and,  where  it  is  found  intact  and  of  proper  amount  by 
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the  appraiser,  it  should  be  thus  considered,  and  no  deductions  from  cost 
new  or  reproduction  cost,  where  that  method  is  being-  used,  would  be 
necessary. 

Where  a  proper  depreciation  fund  is  not  set  aside  actually,  but  is 
only  estimated  and  written  off  in  the  accounts,  there  is  no  such  con- 
dition, and  the  matter  of  writing  it  off  by  the  owner  in  his  books 
amounts  to  only  an  opinion  of  his  as  to  what  such  depreciation  fund 
should  be,  but  does  not  at  all  produce  such  a  fund,  or  make  it  avail- 
able; in  consequence  of  which,  an  appraiser,  using  the  cost  new  or  re- 
production method  as  one  of  the  means  of  arriving  at  the  value  of 
the  property,  and  finding  no  depreciation  fund  actually  in  hand  or  in 
trust,  is  obliged  to  deduct  it  from  the  property. 

In  other  words,  no  amount  of  accounting  or  theorizing  can  make 
good  a  depreciation  fund  which  is  actually  not  in  hand.  A  clear 
perception  of  this  principle  will  save  much  confusion  of  thought. 

The  Attempt  to  Simplify  the  Question. — In  order  to  understand 
the  dilemma  which  a  certain  line  of  thought  has  been  recently  at- 
tempting to  follow  in  this  matter,  an  effort  will  be  made,  first  of  all, 
to  state  the  case  from  such  a  standpoint. 

Probably  the  most  simple  proposition  which  would  occur  to  one 
first  considering  this  question  would  be  the  case  where  the  composite 
life  of  an  entire  plant  or  property  has  been  estimated ;  that  is  to  say, 
where  the  depreciations  of  all  its  component  parts  have  been  thought- 
fully determined,  the  probable  life  of  each  component  part  established, 
its  age  found,  and  the  amount  of  a  sinking  fund  which  will  replace 
it  at  the  end  of  its  life  computed.  The  average  life  of  these  com- 
ponent parts  should  give  the  composite  life  of  the  plant,  at  the  end  of 
which — theoretically  at  least- — it  would  be  subject  to  entire  renewal; 
in  other  words,  at  that  time,  supposedly,  the  original  investment  would 
have  completely  disappeared. 

To  state  more  fully  this  line  of  thought  (which  has  led  to  certain 
perplexities),  let  it  be  assumed  for  the  moment  that  no  additions  are 
made  to  the  plant,  and  that  it  is  the  purpose  to  hold  the  original 
investment  intact.  It  is  commonly  considered  in  such  case  that  if 
one  computes  (but  does  not  set  aside)  a  sinking  fund  for  renewals,  its 
accumulations,  year  by  year,  if  properly  estimated,  will  represent  in  a 
general  way  the  decreasing  value  of  the  property,  or  at  least  roughly 
so.    If  one  deducts  this  sinking  fund  each  year  from  the  original  value. 
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to  determine  the  value  on  the  reproduction  basis,  and  computes  the 
rates  wliich  would  be  necessary  in  order  to  pay  all  charges  and  a  fair 
return  on  the  same,  one  would  luive,  theoretically  at  least,  a  slowly 
decreasing-  valuation,  year  by  year,  on  which  to  predicate  rates,  and 
the  rates  themselves  would  therefore  necessarily  lessen  year  by  year 
until,  at  the  end  of  the  composite  life  of  the  plant,  there  would  prop- 
erly be  no  rates  at  all,  and,  theoretically  at  least,  the  entire  invest- 
ment would  be  represented  in  the  sinking  fund,  if  there  was  one. 

In  California,  under  the  laws  which  formerly  existed  for  some 
years,  such  conditions  seemed  to  be  contemplated,  for  it  was  expected 
that  plants  would  be  valued,  or  might  be  valued,  every  year  for  rate- 
making  pvirposes.  It  was  the  existence  of  this  law  that  probably 
led  Mr.  Grunsky  to  speciilate  on  this  particular  problem,  and  his 
paper  has  convinced  some  students  of  the  subject  that  the  rates 
should  not  decrease  with  the  depreciated  value  of  the  plant  from 
year  to  year,  but  should  be  predicated  on  what  he  calls  the  "original 
investment",  without  deducting  depreciation.  That  this  appears  plaus- 
ible on  its  face,  one  would  not  at  first  be  inclined  to  doubt,  but  it 
is  believed  that  closer  analysis  will  show  that  it  is  not  sound  in  rea- 
soning. 

It  should  be  noted,  of  course,  that  a  sinking  fund  itself  actually 
set  aside  is  not  a  source  of  revenue  to  the  owner,  because  its  inter- 
est accretions  are  necessary  to  its  own  growth  and  purpose;  there- 
fore, it  is  argued  that  it  may  properly  receive  return  outside  of  its 
own  interest  accretions.  At  the  end  of  the  life  of  a  given  plant, 
under  this  theory,  it  will  be  receiving  the  full  rates  on  the  full 
investment,  but  with  a  practically  worn-out  plant,  together  with  a 
sinking  fund  in  the  bank  which  will  entirely  replace  it.  Theoretically, 
also,  it  is  argued  that,  if  the  owner  were  to  go  out  of  business,  he 
could  take  the  entire  fund  with  him,  and  consider  himself  recouped 
for  his  property.  Of  course,  he  would  not  be  entitled  to  rates  any 
longer.  If  it  is  supposed  that  he  should  decide  to  remain  in  busi- 
ness, he  would  immediately  have  to  invest  the  entire  sinking  fund 
again  in  complete  renewals,  and  receive  rates  based  on  the  full  neces- 
sary investment,  all  of  which  seems  to  point  superficially  to  the  con- 
clusion that  the  rates,  at  all  times,  should  be  determined  by  the  value 
of  the  undepreciated  property. 
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There  is  much  more  to  the  question,  however,  than  the  above  simple 
presentation  would  seem  to  indicate. 

Perpetual  Life. — As  a  matter  of  fact,  depreciation  is  not  as  simple 
in  its  practical  operation  as  just  stated.  In  the  first  place,  it  is  not 
contended  seriously  by  any  one  familiar  with  the  subject  that  a  plant 
usually  or  normally  has  a  point  at  which  its  life  actually  terminates. 

A  casual  inspection  of  the  life  of  various  structures  used  by  ap- 
praisers shows  that,  in  any  given  plant,  a  great  variety  of  useful 
existence  is  assigned  from  experience  to  different  structures,  so  that 
actually  none  of  the  component  parts  of  a  plant  can  be  said  to  termi- 
nate at  one  and  the  same  time,  but  each  part  must  be  renewed  inde- 
pendently at  such  time  as  the  nec^sity  arises.  This  would  result 
in  practically  repeated  reductions  of  the  depreciation  fund,  if  one 
actually  existed,  and  the  absorption  of  its  funds  from  time  to  time 
into  the  plant.  Therefore,  there  is  no  one  time  at  which  the  depre- 
ciation fund  actually  does  or  can  rise  to  a  very  large  amount;  and 
it  would  be  practically  impossible,  under  normal  conditions,  that  it 
should  ever  grow  in  amount,  even  to  the  larger  part  of  the  original 
investment.  As  a  matter  of  practical  observation,  it  rarely  ever  the- 
oretically amounts  at  any  one  time  to  more  than  from  20  to  25% 
of  the  original  investment,  and  more  frequently  is  from  10  to  15%, 
because,  as  a  matter  of  practical  necessity,  renewals  must  be  made 
and  the  plant  must  be  maintained  and  perpetuated,  whether  the 
owners  would  desire  it  or  not.  Commonly,  therefore,  one  does  not 
have  the  condition  that  the  plant  is  wholly,  or  even  largely,  renewed 
by  the  depreciation  fund  at  any  one  time,  except  under  the  abnormal 
circumstances  of  complete  failure  through  errors  in  original  judg- 
ment, or,  in  rare  cases,  by  reason  of  duplication  or  other  ignorant 
lack  of  conservation. 

To  illustrate:  for  instance,  in  the  case  of  a  water- works  plant, 
the  boilers,  ordinarily,  will  need  to  be  renewed  about  once  in  every 
20  years.  They  would  probably  be  renewed  about  five  times  in  100 
years,  and  at  the,  end  of  about  75  to  150  years  the  pipe  system, 
theoretically,  would  be  renewed  to  a  considerable  extent.  The  build- 
ings, on  the  other  hand,  might  be  renewed  about  two  and  one-half 
or  three  times  during  this  average  interval,  and  reservoirs  about  one 
and  one-half  or  two  times,  so  that,  at  the  end  of  100  years,  there 
might  still  be  a  plant  of  some  kind,  existing  in  much  the  same  general 
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form  as  tlie  original  one.  except  that  those  parts  which  may  have 
become  obsolete  through  changes  in  the  art  or  method  would  require 
that  their  renewals  take  other  form  and  character.  Therefore,  one 
is  dealing  practically  with  a  perpetual  aggregation  of  structures, 
which,  not  only  must  be  maintained,  but  must  also  grow,  expand, 
and  enlarge.  It  is  true  that  in  some  instances  public  utility  plants 
have  been  built,  run  for  a  time,  and  abandoned.  This  is  less  and 
less  true  as  time  goes  on  and  such  enterprises  are  better  understood. 
These  cases  of  abandonment  are  so  few  as  practically  to  be  negligible 
in  reasoning  out  this  matter.  The  tendency  of  the  times  is  to  con- 
serve and  protect  such  property  more  and  more  from  destruction  or 
failure. 

Utilities  Commonly  Require  Groiving  Plants. — As  a  nuitter  of  fact, 
in  considering  depreciation,  the  original  investment  must  not  only 
be  continued  intact  by  frequent  renewals,  but,  in  all  ordinary  grow- 
ing cities,  must  be  rapidly  increased  from  time  to  time  by  the  addi- 
tion of  new  capital  expended  in  extensions  and  enlargements.  These 
new  extensions,  in  turn,  have  their  depreciation,  which  must  be  pro- 
vided for,  and  they,  in  turn,  must  be  renewed  when  their  time  of 
usefulness  has  expired.  The  actual  depreciation,  therefore,  at  any 
given  date  in  any  plant,  is  the  sum  of  all  the  depreciations  of  the 
various  structures  then  in  place,  duly  considering  their  age  and 
probable  life. 

Earning  Power  of  Depreciated  Plants. — In  considering  the  matter 
of  the  depreciation  of  a  public  utility  plant,  one  must  not  confuse 
its  loss  of  physical  value,  as  measured  by  the  grovrth  of  the  deprecia- 
tion funds,  with  its  ability  to  have  earning  power.  The  progress  of  a 
plant  in  earning  power  is  almost  always  distinct  from  its  progress 
in  depreciation  or  appreciation,  and  though  it  is  generally  considered 
that  depreciation  of  physical  property  is  usiudly  followed  by  lessened 
earnings,  this  is  not  always  true.  A  plant  may  not  be  well  maintained, 
but  its  earning  powder  may  at  the  same  time  be  well  mnintaiiied.  or 
even  grow  ra])idly.  Theoretically,  one  may  sometimes  have  the  con- 
dition (in  certain  kinds  of  plants  at  least),  as  in  the  sample  illustration 
used  at  first,  where  the  depreciation,  as  measured  by  the  deduction  of 
a  sinking  fund,  becomes  greater  and  greater  year  by  year  when  plant  re- 
newals are  not  properly  made,  and  where  an  almost  worn  out  plant 
may  be  able  to  earn  much  more  than  the  return  it  earned  when  new. 
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Of  course,  there  is  a  limit  to  this  condition;  with  certain  kinds  of 
plants  it  is  not  usually  possible;  and  the  sin  of  too  long  deferred  re- 
newals often  brings  heavy  punishment,  yet  the  fact  remains  that  the 
earning  power  of  a  plant  is  not  always  controlled  by  the  defects  of 
depreciation. 

Natural  Accretions. — A  plant  or  property  not  only  depreciates,  but 
also  has  sources  from  which  it  may  appreciate.  These  appreciations 
of  value  have  been  held  to  be  part  of  the  property,  by  the  Supreme 
Court  of  the  United  States,  in  the  Monongahela  Navigation  case, 
and  more  recently  in  the  case  of  the  Kings  County  Lighting  Company 
vs.  The  Public  Service  Commission  of  New  York.  First  District.  One 
of  the  reasons  the  Courts  have  for  favoring  the  reproduction  method 
or  cost  new  less  depreciation,  lies  in  the  fact  that  such  procedure  in- 
cludes appreciation  as  well  as  excludes  depreciation. 

When  dealing  with  the  valuation  of  public  utilities,  it  must  be 
kept  clearly  in  mind  that  a  "property"  is  being  considered,  and  that 
property  may  be  defined  as  being  all  that  can  be  properly  transferred 
to  a  buyer.  Pipes  or  conduits  laid  in  crowded  streets,  where  many 
other  conduits  and  tracks,  pavements,  and  heavy  trafSc  would  make 
it  difficult  to  replace  them,  certainly  have  a  greater  reproduction  value 
than  they  had  originally,  when  the  city  was  unimproved  and  the 
strt^ets  were  open  and  free  for  their  installation.  Right  of  way  and 
lands,  of  course,  have  natural  accretions  in  value,  and  this  is  well 
recognized  and  understood  by  the  public.  What  the  public  does  not 
understand  is  that  similar  accretions  in  value  accrue  to  the  property 
in  other  items  as  well  as  in  the  increased  value  of  the  land. 

The  Constitution  of  the  United  States,  in  referring  to  that  which 
must  be  protected  from  confiscation,  uses  the  word  "property",  and 
not  "investment",  and  the  term  "property"  must  necessarily  include 
all  the  assets  which  inevitably  inhere  to,  and  can  be  transferred  with, 
tlie  wliole  entity  used  and  useful  for  the  public. 

There  are  some  increments  of  value  produced  in  connection  with 
an  enterprise  which  originally  entailed  considerable  investment,  but 
cannot  be  thus  transferred,  and  therefore  do  not  form  permanently 
a  part  of  the  property.  For  instance,  a  compaiiy  may  have  expended 
a  great  deal  of  time,  pains,  and  money,  in  its  original  introduction 
of  light,  or  water,  or  transportation,  for  the  education  of  the  public 
as   to  the  value  that  arises  from  the  use  of  these  facilities.     Where 
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a  whole  eoinimmity  has  been  thus  educated,  it  has  acquired  a  funda- 
mental eonviction  that  a  utility  is  really  necessary  and  useful, 
which  conviction,  tliougli  perhaps  developed  largely  at  the  ex- 
pense of  a  utility  company,  cannot  be  transferred  as  an  asset  with- 
its  property,  riiis  is  the  reason  that,  in  computing  costs  of  develop- 
ment in  a  rebuilding  estimate,  it  is  usually  assumed  that  the  public 
is  now  already  educated  in  the  use  of  the  facility,  and  would  quickly 
avail  itself  of  the  privileges  if  such  f9,cility  were  reinstalled. 

Sinl-ing  Funds  an  Inlierent  Part  of  the  Plant. — If  money  has  been 
invested  in  property  which  is  to  be  maintained  perpetually,  and  if  the 
public  is  to  be  protected  by  requiring  only  a  fair  return  based  on 
reasonable  rates  for  the  use  of  this  property,  such  property  must  be 
maintained  intact  bj'  setting  aside,  as  part  of  the  operating  expenses, 
amounts  which  will  sufficiently  renew  it  in  part  from  time  to  time. 
In  the  Knoxville  case,  the  Supreme  Court  of  the  United  States  has 
held  that  this  is  reasonable  and  proper.  If,  therefore,  one  has  the  right 
to  set  aside  this  money  from  time  to  time,  theoretically,  one  should 
set  aside  just  so  much  as  will  maintain  the  original  property  in  its 
original  form,  or  the  property  plus  its  additions,  accretions,  and 
betterments  in  their  total  form.  To  do  this  will  necessitate 
having  on  hand,  theoretically,  part  property  and  part  renewal  fund. 
The  renewal  fund,  therefore,  is  just  as  much  an  inherent  part  of 
the  property  as  are  the  tracks,  stacks,  or  boilers,  if  the  property  is 
to  be  considered  as  held  intact.  Where,  therefore,  one  has  to  value 
a  plant  for  sale  or  transfer,  and  docs  not  find  that  a  renewal  fund 
has  been  accumulated,  or  is  actually  on  hand,  it  is  right  and  proper 
that  one  should,  so  to  speak,  "fine"  the  owners,  for  the  absence  of 
this  part  of  the  property,  by  the  amount  thereof.  If  the  sinking  fund 
for  renewal  is  in  the  bank  or  in  trust,  as  well  as  accounted  for  on  the 
books  of  the  company,  and  inherently  a  part  of  the  property,  and  in 
proper  amount,  one  should,  naturally,  on  the  other  hand,  give  to  the 
owners  of  such  property  the  entire  reproduction  cost  of  the  property 
undiminished  by  any  depreciation  deduction  whatever. 

It  is  clear,  therefore,  that,  as  far  as  valuation  for  the  purpose  of 
sale  is  concerned,  it  is  right  and  i)roper  that,  in  the  absence  of  actual 
sinking  funds  or  any  sufficient  reserve  fund,  they  should  be  deducte<i 
from   reproduction   cost  or  "cost  new",  when   that   method   is   used  to 
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ascertain  value.  Does  not  this  also  hold  good  in  the  case  of  valuation 
for  rate-making? 

The  Practical  Treatment  of  Depreciation  Accounts. — As  a  matter 
of  fact,  few,  if  any,  administrators  of  public  utilities  have  ever  (as 
far  as  known,  up  to  date)  actually  accumulated  a  sinking  fund.  Most 
companies  otherwise  invest  money  which  would  theoretically  go  to  such 
a  fund,  because  they  have  thought  that  such  moneys  could  usually 
earn  a  greater  rate  of  interest  than  they  would  in  a  guaranteed  sinking 
fund,  and  there  is  the  feeling,  also,  that  there  would  be  no  difficulty 
or  hazard  in  relying  on  the  ability  of  the  owner  or  owners  to  replace 
the  sinking  fund  from  outside  sources  from  time  to  time  as  demands 
on  it  occur.  This  is  especially  true  where  the  management  is  more 
or  less  personal,  and  is  perhaps  not  improper,  from  the  point  of  view 
of  a  stockholder,  but  it  means,  however,  that  at  all  times  the  property 
does  have  within  itself,  and  accounted  for  on  its  books,  all  the  ele- 
ments of  the  full  original  value  which  it  had  at  the  start,  and  to  which 
it  is  entitled. 

To  illustrate  this  situation  further,  one  may  take,  as  an  example, 
a  railway  having  extra  rolling  stock  which  is  only  needed  at  certain 
seasons  of  the  year  when  the  traffic  amounts  to  a  maximum.  It  must 
be  admitted  that  such  rolling  stock  is  inherently  a  proper  part  of 
the  property,  but  if  the  owners  decided  they  could  spare  this  extra  roll- 
ing stock  and  should  sell  it,  and  should  depend  on  replacing  it  promptly 
by  some  unusual  exertion  when  it  was  actually  needed  in  the  time 
of  maximum  traffic  demand,  they  would  be  in  verj^  much  the  same 
position  as  they  are  when  they  rely  on  their  ability  to  replace  the 
sinking  fund  for  depreciation  when  it  is  needed.  In  other  words,  a 
part  of  the  necessary  property  "used  and  useful  to  the  public"  is  not 
present  and  is  not  accounted  for;  and,  on  a  valuation  or  sale,  or  even 
for  rate-making  purposes,  they  would  have  to  produce  this  property, 
or  suffer  the  diminution  necessary  to  the  value  of  the  property  by 
reason  of  its  absence.  To  state  it  in  another  way :  a  utility  company 
plant  is  not  as  valuable  to  the  public  without  a  reserve  fund  for  re- 
placement as  it  is  with  such  a  fund  intact  and  on  hand  and  promptly 
available. 

Ahsent  Depreciation  Funds  a^  Affecting  Rate-Making. — When  one 
seeks  to  determine  the  fair  return,  through  proper  rates,  on  the  prop- 
erty of  a  public  utility,  it  is  necessary,  in  order  to  protect  the  public, 
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to  determine  carefully  the  value  of  the  property  on  which  such  fair 
return  will  be  allowed;  and  if  it  is  found  that  the  owners  of  the  prop- 
erty think  it  a  reasonable  and  proper  policy  at  all  times  to  take  out 
of  the  property  some  part  thereof,  which  is  ultimately  and  finally 
necessary  for  its  maintenance  and  continuation,  and  use  that  part 
in  other  ways,  perhaps  for  private  gain,  one  is  under  the  necessity 
of  denying  that  they  can  logically  earn  rates  on  the  part  that  is  re- 
moved and  separated  from  the  property  to  which  it  belongs. 

If  a  sinking  fund  for  depreciation  is  on  hand  and  attached  to  the 
property,  then,  by  reason  of  the  fact  that  it  itself  is  not  a  productive 
fund  to  the  owners,  they  should  certainly  earn  rates  on  it.  If,  however, 
they  assume  that  they  can  take  the  necessary  risks  and  earn  more  money 
on  such  funds  elsewhere,  and  withdraw  such  funds  from  the  plant  and 
property,  then  they  must  of  necessity  face  the  contingency  that  they 
cannot  be  allowed  by  the  public  to  earn  rates  on  those  moneys,  on  the 
one  hand,  and  use  them  for  private  and  outside  gain,  on  the  other. 

It  may  be  objected  that  it  is  a  hardship  on  owners  of  public  utili- 
ties, who  are  able  and  willing  to  replace  in  the  property  such  portion 
of  the  renewal  fund  at  any  moment  that  occasion  might  demand,  that 
they  should  be  made  to  place  in  trust  such  moneys  and  be  denied 
the  privilege  of  their  use  for  outside  enterprise;  but  it  will  be  easily 
seen  that  to  accord  them  this  privilege  does  not  ordinarily  work  out 
with  fairness  to  the  public.  A  public  utility  owner,  under  such  cir- 
cumstances, is  tempted  to  let  his  plant  run  down,  and  withdraw  from 
the  property  the  funds  necessary  for  its  renewal  from  time  to  time, 
and  use  such  funds  for  his  other  gainful  purposes.  He  may  then 
sometime  sell  his  plant  (less  reserve  fund),  and  the  new  owner  is 
obliged  to  furnish  what  he  has  not  previously  withdrawn.  The  new 
owner  will  naturally  demand  that  rates  be  made  such  as  would  net 
him  a  fair  return  on  the  undepreciated  property  under  these  circum- 
stances. Obviously,  here,  an  injustice  would  be  done,  primarily  to 
the  public  and  to  the  new  purchaser  as  well.  The  whole  procedure 
thus  amounts  to  the  withdrawal  by  the  original  purchaser  of  an  un- 
earned dividend,  and  this  is  rendered  possible  by  the  fact  that  most 
utility  properties  have  appreciation  as  well  as  depreciation,  so  that, 
practically,  it  is  the  natural  accretion  that  is  withdrawn  in  this  man- 
ner. The  only  practicable  way  to  prevent  public  utility  owners  from 
adopting    this    procedure    is    to    require    that    the    reserve    funds    for 
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renewal  shall  be  kept  intact  as  part  of  the  plant  and  the  property; 
or  that  the  owners  be  properly  fined,  so  to  speak,  by  the  amount  of 
the  funds  removed  or  withdrawn. 

Outside  Investment  of  Depreciation  Funds.— A  great  deal  has  been 
said  in  defence  of  outside  investment  of  depreciation  funds.  Ob- 
viously, reserve  moneys  can  earn  a  larger  rate  of  interest  in  many 
other  ways  than  in  guaranteed  reserve  funds.  A  guaranteed  deprecia- 
tion fund,  especially  for  long  periods,  will  not  be  undertaken  by 
bankers  or  trust  companies  at  more  than  a  3J  or  4%  rate,  and  for 
unusually  long  periods,  say  100  years,  the  rate  must  be  still  lower, 
say  2^  to  3  per  cent. 

It  has  been  customary  with  appraisers  to  recognize  this  fact  in 
computing  sinking  funds  on  a  sliding  scale,  in  accordance  with  the 
length  of  life  of  the  structure  to  be  provided  for. 

Now,  these  moneys  that  would  be  thus  set  aside  in  sinking  funds 
are  susceptible  ordinarily  of  being  invested  at  much  higher  rates  for 
general  purposes,  and  where  a  given  result  at  the  end  of  a  given  time 
does  not  have  to  be  guaranteed,  for  instance,  siich  moneys  may  be 
invested  as  new  capital  in  new  construction  and  extensions  in  the  very 
plant  itself  to  great  advantage,  commanding  there  often  as  high  a  re- 
turn as  7  or  8%,  with,  of  course,  the  general  risk  incident  to  the  en- 
terprise. 

It  is  believed  by  most  administrators  that  this  is  an  entirely 
proper  way  to  manage  such  funds,  but  it  is  obviovisly  subject  to  the 
reasonable  conclusion  that  the  owner  cannot  have  return  on  it  as 
a  "sinking  fund"  for  depreciation,  even  if  he  carefully  accounts  it 
as  such,  and  at  the  same  time  have  return  on  it  as  betterment  to  the 
plant.     This  would  be  an  obvious  injustice  to  the  public. 

It  is  also  obvious  that  another  drawback  to  this  procedure  lies  in 
the  fact  that  the  owner  must  be  willing  and  ready  to  finance  the  replace- 
ments and  depreciation  fund,  whenever  the  occasion  therefor  arises, 
and  make  good  for  such  needs  as  arise  in  the  non-existing  depreciation 
fund.  His  temptation  will  easily  be  to  defer  and  delay,  under  these 
circumstances,  perhaps  to  the  great  disadvantage  of  the  plant  and 
the  public,  and  although  he  usually  has  ample  notice  of  future  re- 
quirements in  such  funds,  it  often  occurs  that  the  reserve  funds  are 
suddenly  necessary  for  accident  or  emergency. 
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Jf  this  practice  of  uiit^iidc  investment  of  reserve  funds  is  to  be 
iiltiniatelj'  allowed  by  the  utilitj'  commissions,  the  owner's  problem 
becomes  an  economic  one.  and  is  only  solved  by  a  close  analj'sis  a.s 
to  whether  a  depreciation  fund,  earaing  return  and  guaranteed  by  low 
rates  of  interest,  is  more  profitable  to  the  owner  than  the  use  of  the 
moneys  elsewhere  at  higher  rates  of  interest,  and  the  resulting  loss 
of  return  in  connection  with  the  plant.  It  would  appear  on  the 
face  of  the  problem  that,  if  rates  are  to  include  a  return  on  the 
sinking  funds  set  aside  for  depreciation,  as  well  as  on  the  depreciated 
property,  it  would  be  more  profitable  for  the  owner  to  maintain  the 
full  fund  constantly  in  actual  existence,  and  it  is  believed  that,  when 
this  question  has  been  fully  understood  and  discussed,  this  procedure 
will  be  required  by  the  utility  commissions. 

Present  Practice. — The  practice,  thus  far,  where  reproduction  cost 
is  adopted,  has  been  to  deduct  a  theoretical  depreciation  fund  (where 
one  is  not  actually  in  hand)  from  the  reproduction  cost  of  the  prop- 
erty new,  before  proceeding  to  determine  the  fair  return.  The  ques- 
tion of  the  correctness  of  this  procedure  was  not  raised  until  quite 
recently,  and,  like  a  great  many  other  questions  connected  with  the 
conduct  of  public  utilities,  it  will  probably  have  to  be  reasoned  out 
on  lines  of  fairness  and  justice  to  both  the  public  utility  owner  and 
the  public.  The  rate  commissions  have  not  yet  discussed  this  question, 
nor  has  it  been  etfectively  presented  to  them,  but  it  is  believed  that, 
when  discussed,  it  will  be  along  lines  which  are  here  indicated. 

Should  a  Sinking  Fund  Earn  Full  Return? — In  pursuing  this 
study,  the  question  will  be  raised  as  to  the  propriety  of  allowing  the 
same  full  return  on  sinking  funds,  when  properly  set  aside  in  trust 
as  a  part  of  the  iilant,  as  is  allowed  on  the  plant  value  itself. 

It  may  be  argued,  on  the  one  hand,  that  such  funds  are  free  from 
the  hazards  of  the  enterprise  proper,  that  if  properly  safeguarded  or 
placed  in  trust,  as  they  might  be.  they  are  especially  safe  and  secure, 
and  are  free  from  risk;  therefore,  they  should  be  allowed  only  ordi- 
nary going  rates  of  interest  for  secured  investments  as  their  part  of 
the  fair  return  on  the  entire  property,  and,  of  course,  entirely  outside 
of  their  own  necessary  interest  accretions. 

On  the  other  hand,  it  may  be  contended  that  such  funds,  generally, 
are  not  put  in  trust,  even  where  set  aside,  and  therefore  are  subject 
to  call  for  emergencies  in  renewals,  and  partake,  in  that  way.  in  all  the 
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hazards  and  contingencies  of  the  plant  and  property  itself,  and  should 
accordingly  partake  of  the  full  returns  which  the  plant  and  property 
itself  should  have. 

Inasmuch  as  the  entire  question  of  returns  on  depreciation  funds 
has  never  yet  been  discussed  publicly,  the  attitude  of  any  public 
utility  commission  cannot  be  known  in  advance,  and  we  will  have 
to  await  with  patience  the  conclusions  of  the  older  commissions  which 
are  giving  these  matters  study. 

Actual  Use  of  a  Full  Depreciation  Fund. — It  may  be  observed 
that  it  is  not  theoretically  possible  to  expend  properly  at  any  one  time 
the  full  amount  of  a  correctly  computed  fund  for  replacement. 

Although  actual  depreciation  requirements  are  not  expected  to  con- 
form to  theoretical  depreciation  funds,  nevertheless  the  two  must  be 
so  nearly  adjusted  that  funds  for  renewal  closely  follow  actual  require- 
ments. This  can  only  be  accomplished  by  the  use  of  good  judgment 
and  experience,  in  the  first  instance,  supplemented  by  periodic  re- 
visions, as  a  secondary  aid  to  proper  additions  to  the  fund.  It  would 
seem  that  at  intervals  of  not  less  than  5  years  a  careful  review  of  the 
depreciation  account  of  most  utilities  should  be  made,  and  a  revision 
to  comply  with  new  conditions  effected;  oftener  would  be  better  in 
some  special  cases. 

The  fact  remains,  however,  that  should  funds  be  correctly  set  aside 
for  renewal  and  the  life  of  the  various  structures  of  the  plant  be 
properly  estimated,  the  funds — either  sinking  fund  or  as  simple  in- 
crements— could  not  be  wholly  or  even  largely  used  at  any  one  time; 
in  fact,  ordinarily,  only  a  small  portion  of  such  fund  will  be  drawn 
on  at  any  one  time.  In  a  sinking  fund,  if  this  were  not  so,  the  fund 
would  be  seriously  impaired,  as  its  integrity,  to  a  certain  extent,  de- 
pends on  its  accretions  of  interest.  Evidently,  the  short-lived  struc- 
tures will  draw  on  the  fund  often,  and  the  long-lived  structures  but 
seldom;  and,  where  the  bulk  of  the  investment  is  in  long-lived  struc- 
tures, it  is  evident  that  at  least  from  one-half  to  three-fourths  of  the 
fund  might  be  untouched  ordinarily. 

This  is  an  added  reason,  in  long-lived  plants,  why  owners  now  feel 
inclined  to  utilize  depreciation  funds  in  outside  investments,  or  in 
betterment  to  the  plant  itself;  for  the  remaining  portion  of  the  fund 
that  is  frequently  called  on,  being  small  in  amount,  is  easily  replaced, 
and  when  the  larijer  amounts  begin  to  be  needed  the  fact  is  Ion;;  foreseen. 
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Depreciation  Accounts. — Evidently,  the  keeping  of  a  depreciation 
account,  without  setting  aside  depreciation  funds,  amounts  to  only  an 
expression  of  opinion  by  the  owner  as  to  the  lessened  value  of  his 
property.  Such  accounts  do  not  finance  the  depreciation,  but,  if 
properly  kept,  they  may  tell  how  much  the  owner  has  withdrawn  from 
the  value  of  the  plant,  and  how  much  he  should  return,  on  demand, 
to   make    the   plant   whole. 

Past  depreciation  may  very  properly  be  computed  on  the  sinking- 
fund  basis,  because  this  is  the  close  and  accurate  method  when  all  or 
most  of  the  life  history  is  known,  but  the  future  is  much  more  un- 
certain. A  conservative  estimator  cannot  figure  too  closely  on  it;  some 
allowance  must  be  made  for  the  unknown. 

The  composite  life  of  many  water-works  plants,  for  instance,  has 
been  found  to  be  between  60  and  80  years.  From  0.6  to  0.8%  of  the 
total  value  of  the  plant,  set  aside  from  year  to  year  as  an  annual 
increment  and  put  out  at  interest  as  a  sinking  fund,  will  usually  theo- 
retically amortize  the  principal  at  the  end  of  the  composite  or  theo- 
retical life. 

It  is  simpler  and  more  conservative,  however,  to  provide  a  some- 
what larger  amount  in  water- works  practice,  say  1%,  as  an  approach 
to  a  straight-line,  or  even  an  interest-bearing  fund,  which  may  be 
called  "the  reserve".  Some  of  the  utility  conmiissions  are  allowing 
about  this  amount  to  be  set  aside  before  computing  fair  return  on 
water-works  properties,  and  it  will  ultimately  be  possible,  probably, 
to  count  on  it.  Of  course,  these  rates  will  vary  widely  in  other  forms 
of  public  utilities;  they  are  cited  here  only  by  way  of  illustration. 

In  practice,  the  various  structures  having  different  lengths  of  life 
should  be  grouped,  so  that  those  of  the  same  life  are  aggregated,  and 
a  separate  depreciation  account  should  be  opened  for  each  group. 

The  theoretical  sinking-fund  amount  may  be  computed  for  each 
group  and  entered  each  month,  so  that  the  sum  of  all  the  groups 
would  show  the  amount  due  to  the  plant  by  the  owner  at  any  given 
time.  From  time  to  time  adjustments  will  have  to  be  made  to  cor- 
rect for  errors  in  judgment  as  to  future  life. 

If  a  simple  percentage  increment  is  used,  the  process  will  be  more 
simple  but  less  accurate,  and  hazard  and  unusual  accident  may  bo 
better  and  more  liberally  provided  for,  but  the  prophecy  as  to  life 
will  not  be  closer  than  it  can  be  in  the  sinking-fund  method. 
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When  renewals  are  made,  the  depreciation  account  should  be  debited 
with  the  outside  capital  replaced  in  the  plant  by  the  owner,  and 
credited  by  the  cost  of  the  improvement. 

Should  a  sinking  fund  or  a  reserve  fund  actually  exist,  of  course, 
the  replacement  expense  is  directly  withdrawn  from  the  same  in  cash. 

Summary.— To  conclude,  then,  it  has  been  argued  as  follows : 

1st. — That  if  a  sinking  fund  or  a  reserve  fund  for  depreciation  is 
actually  kept  in  the  bank  or  in  trust  as  part  of  the  property,  it  should, 
if  properly  computed  and  accurately  kept,  receive  the  same  rate  of  fair 
return  as  the  remainder  of  the  property  "used  and  useful  for  the  public". 

2d. — That  if  these  funds  are  for  any  reason  detached  or  withdrawn 
from  the  property  and  used  by  the  owner  elsewhere,  or  in  private  gain, 
or  even  as  new  capital  invested  in  the  plant  itself,  he  cannot  hope, 
as  a  matter  of  proper  protection  to  the  public,  to  receive  return  on 
a  reserve  fund  which  is  not  actually  in  hand  and  at  the  same  time 
use  such  funds  for  other  personal  gain. 

3d. — That  the  past  depreciation  may  be  computed  accurately  on 
the  sinking-fund  basis,  as  all  the  facts  of  the  past  are  known,  and 
the  sinking  fund  is  the  most  accurate  method  of  computing  deprecia- 
tion, but  for  the  future,  in  which  the  facts  are  yet  unknown,  it  is 
perhaps  better  to  use  the  simpler  method  of  an  annual  increment  which 
will  average  the  sinking-fund  rate. 

4th. — That  depreciation  accounts  should  be  kept  by  groups  having 
similar  life,  and  revised  from  time  to  time  as  the  future  is  more  clearly 
revealed.  That  such  accounts  are  only  estimates  of  what  the  owners 
owe  the  property,  if  the  actual  funds  are  not  in  hand. 

5th. — That  though  it  is  not  now  considered  improper  to  use  reserve 
or  sinking  funds  allowed  for  depreciation  for  private  gain,  in  so  doing 
the  owner  will  in  all  probability  deprive  himself  of  their  return  earn- 
ing power  as  part  of  the  plant  and  property. 

It  may  be  said,  frankly,  that  all  the  principles  which  it  is  en- 
deavored herein  to  reason  out  are  not  yet  generally  accepted;  indeed, 
the  question  of  allowing  fair  return  on  an  actual  existing  sinking  fund 
for  depreciation  has  not  as  yet  been  seriously  raised. 

It  is  believed,  however,  that  this  question  must  soon  be  generally 
discussed,  and  it  has  been  the  endeavor  in  this  paper  to  reason  out  in 
advance  the  method  by  which  it  is  believed  it  will  be  logically  settled. 
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The  corrosion  of  structural  metal  (principally  steel)  by  atmos- 
pheric and  other  natural  causes  is  a  subject  which  has  long  been  of 
importance  to  the  engineer.  A  few  years  ago,  the  greatly  increased 
use  of  concrete  structures  aroused  the  hope  that  danger  from  such 
corrosion  would  be  much  reduced;  but  unarmored  steel  seems  to  be 
used  as  much  as  ever.  Concrete  has  not  taken  its  place,  but  has 
made  an  entirely  distinct  place  for  itself.  Much  has  been  written, 
and  much  has  been  done,  relative  to  the  protection  of  steel;  but  im- 
provement has  been   slow,  progress  being  made  step   by  step. 

The  writer  can  remember  when  corrugated  iron  was  introduced, 
some  thirty  years  ago,  that  it  was  common  practice  to  send  out  with 
a  shipment  a  suitable  quantity  of  powdered  iron  oxide  to  be  used  as 
a  pigment,  with  directions  for  mixing  it  with  oil  and  applying  it 
as  a  paint.  It  was  supposed  that,  because  it  contained  iron,  it  was 
a  proper  paint  to  apply  to  iron,  like  "applying  the  hair  of  the  dog 
to  cure  the  bite"  (which  the  writer  has  also  seen  done). 

Some  years  ago,  Mr.  G.  W.  Thompson  attempted  to  classify  pig- 
ments, as  to  their  relation  with  iron,  by  suspending  them  in  water 
and  immersing  pieces  of  iron  or  steel  in  these  mixtures.     The  results 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proccedinrjs,  and,  when  finally  closed,  the 
papers,  with  discussion   in   full,   will   be  published   in   Transactions. 
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were  somewhat  surprising;  some  of  the  pigments  which  common  ex- 
perience approved,  seemed  to  increase  corrosion  in  this  condition, 
and  others,  known  to  be  useless  in  protective  paints,  seemed  to  be 
much  better  for  preventing  it.  Lampblack,  for  instance,  was  the  worst 
in  provoking  corrosion,  and  white  zinc  or  pulverized  chalk  prevented 
it.  This  was  probably  due  to  the  fact  that  lampblack  contains,  con- 
densed on  the  surface  of  its  particles,  considerable  carbonic  acid 
which  is  the  most  generally  active  agent  in  the  corrosion  of  iron,  and 
white  zinc  and  chalk  are  basic  substances  by  which  iron  is  not  rusted; 
however,  the  carbonic  acid  in  lampblack  is  displaced  by  grinding  in 
oil,  and  the  well-known  lack  of  durability  in  paints  made  of  white  zinc 
and  chalk  prevents  their  good  qualities  from  coming  into  action. 

So  great  is  the  need  of  more  knowledge  as  to  the  value  of  pig- 
ments in  paints,  and  their  mode  of  action,  that  nothing  promising 
new  information  is  neglected.  A  committee  of  five  chemists  from 
different  parts  of  the  United  States,  with  the  approval  of  the  Society 
for  Testing  Materials,  made  a  series  of  tests  of  the  principal  pigments, 
and  of  some  other  substances,  on  steel  immersed  in  water;  and,  as 
was  to  be  expected,  arrived  at  substantially  concordant  results.  These 
results,  as  has  been  stated,  were  of  no  value  from  the  standpoint  of 
the  paint-maker,  being  inconsistent  with  the  known  value  of  the  pig- 
ments when  ground  in  oil  or  varnish.  When  the  report  was  published, 
however,  the  pigments  were  classified,  according  to  their  water  value, 
into  three  groups,  namely,  inhibitors,  indeterminates,  and  stimulators. 
This  was  the  origin  of  the  use  of  these  now  well-known  words  in 
paint  terminology.  It  was  expressly  stated  in  the  report  that  this 
was  a  classification  as  regards  water  only;  but  the  names  were  so 
convenient  and  so  tempting  that  those  not  familiar  with  the  subject, 
and  also  many  who  saw  their  value  for  advertising  purposes  (two 
quite  distinct  classes),  put  them  into  common  use  to  classify  pig- 
ments in  oil.  It  is  obvious  that  any  classification  of  pigments  in 
oil  should  be  based  on  their  behavior  in  oil,  and  if,  as  must  be  con- 
ceded, this  is  radically  different  from  water  tests,  the  latter  should 
not  be  regarded.  All  this  investigation  began  some  years  ago;  mean- 
while, numerous  young  men,  mostly  students  working  under  the 
supervision  of  their  teachers,  have  made  brief  and  generally  incon- 
clusive studies  of  paints,  and  almost  without  exception  have  used  these 
indefinite  terms,  inhibitors  and  stimulators.     Patents  have  even  been 


Papers.  1  '  PAINTING  STRUCTURAL  STEEL  2063 

taken  out — wliich.  in  the  writer's  opinion,  are  not  only  worthless  but 
invalid — covering  the  use  of  old  and  well-known  pigments.  What  is 
worse,  ever^'  maker  of  a  paint  nostrum  assures  his  hearers  or  readers 
that  his  particular  paint  absolutely  inhibits  rust,  and  that  everything 
else  stimulates  it.  This  is  the  whole  history  of  this  jargon  about 
inhibition  and  stimulation;  it  never  had  any  particular  value  to 
the  consumer,  and  it  is  generally  used  to  mislead  him. 

It  is  obvious  that  in  a  good  paint  the  pigment  particles  are  en- 
veloped in  a  film  of  oil;  they  do  not  come  in  contact  with  the  iron;  if 
they  did,  the  paint  would  peel  off,  for  no  dry  pigment  adheres  well  to 
metal.  It  is  as  true  to-day  as  it  has  been  in  the  past  that  steel  rusts 
because  air  and  moisture  act  on  it;  and  paints  are  used  to  keep  air  and 
moisture  from  it.  They  do  not  inhibit  rusting,  except  as  they  in- 
hibit the  cause  of  it. 

The  important  practical  question  is  whether  paints  have  been  or 
can  be  improved  as  to  being  non-porous  and  durable.  This  is  essen- 
tially dependent  on  the  relation  between  the  pigment  and  the  oil.  As  to 
the  true  nature  of  this  relation,  very  little  is  known;  but  something 
is  known  about  its  visible  manifestations.  It  is  known,  for  instance, 
that  1  lb.  of  dry  rod  lead  mixed  with  i  lb.  of  oil  makes  a  paint  of 
ordinary  consistency,  and  1  lb.  of  dry  lampblack  requires  at  least 
6  or  8  lb.  of  oil,  say,  thirty  times  as  much,  or  making  allowance  for 
difference  in  density,  six  times  as  much,  as  the  red  lead.  Similarly, 
1  lb.  of  white  zinc  takes  twice  as  much  oil  to  make  a  paint  as  1  lb.  of 
white  lead;  and  white  lead  takes  nearly  twice  as  much  as  red  lead. 
These  are  things  we  know;  but  we  have  no  idea  why  they  are  so. 
Again,  red  lead,  which  is  an  oxide  of  lead,  makes  an  excellent  paint 
for  iron ;  oxide  of  iron  is  neither  very  good  nor  very  bad ;  oxide  of 
manganese  is  bad.  Our  knowledge  of  paints  is  as  yet  largely  em- 
pirical; chemists  dislike  to  admit  this;  for,  like  everybody  else,  they 
hate  to  confess  that  there  is  anything  they  do  not  know,  and  tlius 
when  a  new  theory  is  offered  some  of  them  make  a  great  rejoicing 
over  it  without  first  finding  out  whether  or  not  it  agrees  with  the 
facts.  Where  we  are  gaining  is  in  more  general  appreciation  of  the 
value  of  the  proper  application  of  paint,  better  preparation  of  surface, 
more  confidence  in  good  paint  rightly  used,  and  in  the  better  prepa- 
ration of  paint  materials.  For  instance,  in  the  older  books,  and  until 
about    twenty    years    ago.    we    find    analyses    of   red    lead    showing    as 
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low  as  55%  of  true  red  lead,  with  45%  of  litharge.  Eed  lead  is  made 
from  litharge,  and  the  presence  of  the  latter  is  not  a  sign  of  adultera- 
tion, but  of  incomplete  conversion.  At  the  same  time  other  samples 
showed  as  high  as  80%  of  true  red  lead.  As  is  well  known,  there 
was  much  difference  of  opinion  in  those  days  as  to  the  value  of 
red  lead  as  a  paint  for  iron;  though  most  users  liked  it,  some  thought 
it  poor  stuff.  It  is  now  known  that  its  value  depends  on  the  quantity 
of  red  lead  it  contains.  Coarse  red  lead  always  contains  litharge, 
because  the  litharge  in  the  middle  of  a  large  particle  is  never  oxidized. 
It  was  observed  that  the  finer  the  red  lead,  the  better  it  was,  and  so 
a  demand  arose  which  forced  the  manufacturers  to  make  higher 
grades;  now  they  are  grinding  their  litharge  to  an  impalpable  powder 
before  roasting  it,  with  the  result  that  94%  of  true  red  lead  has 
been  on  the  market  for  some  years.  Then  an  unexpected  fact  was 
developed.  The  old  red  lead  when  mixed  with  oil  would  set  in  a 
day  or  so — often  in  a  few  hours — into  a  cement,  just  like  plaster  of 
Paris  and  water;  this  tendency  made  it  work  with  difficulty  and  un- 
evenly in  application,  and  its  coarseness  gave  it  a  tendency  to  run; 
but  the  new,  or  high  grade,  article  is  inactive  to  oil,  and  brushes 
out  smoothly  like  a  house-paint.  This  enables  the  painter  to  cover 
50%  more  surface  with  the  same  quantity  and  still  get  a  coating 
having  a  uniform  thickness  which  gives  more  protection  than  the 
thin  portions  of  the  paint  formerly  used.  This  secures  greater  econ- 
omy, even  at  a  slightly  greater  cost  per  gallon ;  and  this  is  an  economy 
not  only  in  the  cost  of  the  paint,  but  in  the  labor,  because  the  paint 
works  more  easily,  and  a  man  can  cover  more  surface  in  a  day;  it 
also  requires  less  skill,  and  therefore,  a  less  highly  paid  man,  to  do 
good  work.  For  the  last  year  or  two,  red  lead  ground  in  pure  lin- 
seed oil  has  been  offered  to  the  trade  as  a  paste  ready  to  be  thinned 
with  more  oil ;  such  a  paste  keeps  for  a  year  or  more,  or  indefinitely 
as  far  as  known,  like  white  lead  paste.  Its  use  saves  time  and 
waste  in  mixing,  and,  being  ground  through  a  mill,  the  mixture  is 
perfect,  which  is  not  the  case  with  hand-mixing;  and,  as  it  avoids 
the  presence  of  a  dusty  piginent,  it  is  more  sanitary. 

The  only  serious  objection  to  the  use  of  such  red  lead  is  that  it 
dries  more  slowly  than  the  older  kinds.  This  can  be  obviated,  however, 
by  the  use  of  a  little  japan  drier.  There  is  a  well-founded  prejudice 
against  the  use  of  excessive  quantities  of  drier  in   any  paint;  but  it 
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should  be  remembered  that  red  lead  paint  mixed  in  the  (standard) 
])roportion  of  28  lb.  of  pigment  to  1  gal.  of  oil,  contains  20^  lb.  of 
pigment  per  gallon  of  mixed  paint.  If  this  pigment  contains  15%  of 
litharge,  it  has  3  lb.  of  litharge  per  gallon.  Now,  ordinary,  good, 
lead  japan  driers,  or  lead  and  manganese  driers  of  approved  quality, 
contain  the  equivalent  of  1  lb.  of  litharge  in  about  3  gal.  of  drier; 
and  3  lb.  of  litharge  will  make  8  or  10  gal.  of  drier.  To  make  1  gal. 
of  mixed  94%  red  lead  paint  dry  requires  only  1  pint  of  drier;  the 
rest  is  excess.  It  is  much  safer  to  add  the  desired  quantity  of  drier. 
It  may  be  asked  why  the  litharge  in  the  94%  red  lead  is  not  more 
active ;  it  is  probably  because,  when  the  peroxidation  of  the  lead  has 
been  carried  so  nearly  to  completion,  the  particles  of  litharge  are 
enveloped  so  completely  by  a  dense  coating  of  true  red  lead  that  the 
oil  does  not  reach  them.  This  is  obviously  not  the  case  with  the 
commoner  and  less  thoroughly  oxidized  pigment. 

It  has  sometimes  been  suggested,  by  those  not  very  familiar  with 
the  chemical  questions  involved,  that  the  litharge  is  the  essentially 
valuable  part  of  the  paint,  and  that  the  red  lead  is  only  an  inert 
extender.  This  is  not  so.  The  whole  history  of  the  .subject  shows 
that  the  improvement  in  red  lead  for  paint  during  the  last  twenty- 
five  years  has  been  made  by  reducing  the  litharge  contained  in  it; 
litharge  alone,  or  used  with  other  pig-ments,  has  not  been  satisfactory, 
though  orange  mineral,  which  is  red  lead  free  from  litharge,  is  most 
excellent,  and  would  be  used  if  its  cost  were  not  so  great.  Further 
progress  will  undoubtedly  produce  red  lead  with  a  lower  percentage 
of  the  protoxide;  in  fact,  the  94%  red  lead  now  in  the  market  usually 
contains  much  more  than  94%  of  true  red  lead. 

Progress  has  also  been  made  in  our  knowledge  of  linseed  oil. 
Within  a  few  months,  the  American  Society  for  Testing  Materials 
has  adopted  specifications  for  North  American  raw  linseed  oil,  which 
is  of  better  quality  than  that  made  from  South  American  seed.  These 
specifications  are  the  result  of  a  great  deal  of  work  by  many  of  the 
best  oil  chemists,  and  it  is  now  possible  for  any  good  analyst  to  tell 
whether  or  not  an  oil  is  pure  and  good.  Methods  of  paint  analysis 
are  in  general  being  standardized;  and  a  vast  amount  of  work  is 
going  on  in  Germany  and  England  as  well  as  in  the  United  States, 
on   the  chemistry   niid   nature   of  drying  oils.     At  present   linseed   oil 
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has  adulterants,  but  no  substitute ;  China  wood  oil  is  a  valuable  drying 
oil,  more  valuable  for  some  purposes  than  any  other,  but,  as  an  oil 
for  ordinary  paints,  it  is  used,  as  far  as  the  writer  knows,  only  to 
cover  up  the  use  of  non-drying  oils  which  must  be  regarded  as  adul- 
terants. At  present  prices,  it  is  not  likely  to  be  used  even  in  this 
way.  Fish  oil  is  used  to  some  extent,  as  it  always  has  been,  in  paint 
for  roofs  and  smokestacks ;  but  one  should  not  be  disturbed  by  talk 
about  the  "newer  paint  oils",  for,  except  China  wood  oil,  there  are 
none. 

In  closing,  it  may  be  well  to  mention  that  the  Committee  appointed 
by  the  American  Society  for  Testing  Materials  has  made  a  final  report 
on  the  condition  of  the  paints  on  the  Havre  de  Grace  Bridge;  as  is 
well  known,  this  bridge  was  painted  six  years  ago  by  a  committee 
of  that  Society,  which  committee  included  several  members  of  the 
American  Society  of  Civil  Engineers.  This  report  describes  three 
of  the  paints  as  excellent;  two  of  these  were  straight  red  lead  in  oil, 
and  the  third  was  red  lead,  with  about  15%  of  a  pulverized  silicate 
added,  in  oil,  the  red  lead  being  about  98%  true  red  lead.  Nine  other 
paints,  of  varying  composition,  are  reported  as  affording  generally 
effective  protection  to  the  structure.  As  all  these  paints  were  care- 
fully applied,  it  is  fair  to  conclude  that  the  durability  of  any  good 
paint  may  be  increased  one-half,  and  probably  doubled,  by  proper  care 
in  its  use  as  compared  with  average  practice.  It  is  only  by  con- 
tinually reiterating  this  fact  that  we  shall  ever  secure  the  most  ele- 
mentary and  fundamental  requirement  for  the  economical  treatment 
of  structural  steel. 
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STRESSES    IN    WEDGE-SHAPED    REINFORCED 
CONCRETE  BEAMS.* 


By  William  Cain,  M.  Am.  Soc.  C.  E. 


In  the  design  of  reinforced  concrete  walls,  it  is  often  necessary 
to  find  the  stresses  in  beams  with  faces  inclined  to  each  other,  as  in 
the  toes,  heels,  face-slabs,  and  counterforts  of  such  walls.  In  other 
cantilever  constructions,  the  upper  and  lower  faces  are  often  inclined 
to  each  other,  so  that  the  subject  is  one  of  importance,  and  a  practical 
solution  is  offered  in  this  paper. 

First   consider   the   beam,   Fig.    1,   the   upper  N^^,.^f\ 

face  of  which  is  inclined  at  an  angle,  /?,  to  the  ,^--^^^  / 

lower    face,    supposed    to    be    horizontal.      This    Mr^-^^ 

beam  may  be  supposed  to  be  the  toe  of  a  rein-      Y, T — / ^ 

forced    concrete    retaining   wall,    and   to   be    sub- 
jected  to    a    soil    reaction,    acting   vertically    up- 

*  Fir     1 

ward,    which   produces    shear    and    also    stresses 

due    to    the    bending    nionient,   in    any    vertical   section,    iV   1. 

To  effect  a  practical  solution,  it  will  be  assumed  that  all  the  com- 
pressive bending  stresses  act  parallel  to  the  top  face,  M  N,  down  to 
the  neutral  axis.  This  is  the  direction  of  the  stress  at  any  point  of 
the  upper  surface,  M  N ;  for,  consider  a  small  rectangular  parallelo- 
pipcd  of  the  concrete  at  P,  with  faces  parallel  and  perpendicular  to 
M  N.  There  can  be  no  shearing  stress  on  M  N,  as  no  part  of  the 
beam  extends  above  M  N  to  produce  shear,  and  there  is  no  external 


*  Tliis  paper  will  not  be  presented  at  any  meetinjr  of  the  Society,  but  written  commu- 
nications on  the  subject  are  invited  for  subsequent  publication  in  Proceedings,  and  with 
the  paper  iu  Transactions. 
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force  acting  on  M  N  except  the  atmospheric  pressure,  which  does 
not  exert  any  friction  on  the  face.  It  must  follow  that  there  can  be 
no  shear  on  the  planes  at  right  angles  to  M  N,  as  unit  shears  on 
planes  perpendicular  to  each  other  are  equal.*  Consequently,  the 
compressive  stress  on  a  plane  at  P,  at  right  angles  to  M  N,  is  normal 
to  it,  or  parallel  to  the  face.  This  conclusion  has  been  proved  experi- 
mentally by  Messrs.  Wilson  and  Gore,  in  their  exhaustive  experimental 
work  on  india-rubber  model  danis.f  They  state,  as  one  conclusion : 
"The  maximum  principal  stresses  near  the  down-stream  face  act  on 
planes  nonnal  to  that  face,"  and  add  in  a  foot-note,  "This  agrees  with 
Rankine's  statement  and  with  the  theorem  demonstrated  by  Mr.  M. 
Levy."  In  the  discussion  on  that  paper,  the  same  point  was  brought 
out  by  several  speakers. 

It  is  then  plain  that  the  compressive  stress  at  N,  Fig.  1,  similarly, 
acts  parallel  to  the  face,  M  N.  If  this  were  a  homogeneous  beam,  the 
tensile  stress  at  /  would  similarly  act  parallel  to  the  lower  face.  Con- 
sequently, in  going  from  N  to  I,  the  intermediate  bending  stresses 
would  gradually  change  their  direction  from  31  N  to  L  I.^  Hence 
the  foregoing  assumption,  that  all  the  compressive  stresses  are  parallel 
to  M  N,  is  to  be  regarded  only  as  an  approximation  necessary  to  derive 
workable  formulas. 

In  justification  of  its  use  for  reinforced  beams,  however,  it  may 
be  stated  that  the  neutral  axis  is  generally  above  the  mid-point  of 
N  I,  and,  for  small  percentages  of  steel,  much  higher;  so  that  the 
area  under  compression  is  often  only  one-third  of  the  whole  area  of 
the  cross-section,  or  even  less.  Further,  the  resisting  moment  of  the 
compressive  stresses  is  mainly  due  to  the  larger  stresses  near  N,  with 
their  longer  arms,  and  such  stresses  are  nearly  parallel  to  M  N. 
Finally,  and  most  important  of  all,  the  assumption  is  always  on  the 
side  of  safety,  as  will  appear  more  fully  later.  The  assumption  is 
evidently  near  the  truth  for  small  values  of  (3,  but  departs  more  from 
the  truth  as  ^  increases,  and  possibly  should  be  limited  to  values  of 
^  below  some  limit,  say  45°,  assumed  arbitrarily. 

*  See  Merriman's  "  Mechanics  of  Materials,"  p.  363  :  also  "  Stresses  in  Masonry  Dams," 
by  the  writer,  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXIV,  pp.  230-221.  In  this  article,  the 
directions  and  amounts  of  the  principal  normal  stresses,  at  various  points  of  a  horizontal 
section  of  a  dam,  are  computed. 

i  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CLXXII.  Session,  1907-1908,  Part  II. 

t  The  same  state  of  affairs  exists  in  the  so-called  "  beams  of  equal  strenerth,"  having 
variable  depth,  where  thp  ordinary  theory  of  the  books  is  plainly  inadequate. 
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Whon  the  external  force  of  Fig.  1  acts  downward,  the  compressive 
area  is  below  the  neutral  axis,  and  the  reinforcement  will  be  placed 
parallel  to  and  near  M  N.  All  the  compressive  stresses  now  act 
parallel  to  the  lower  face,  as  in  the  common  theory. 

The  usual  hypotheses,  that  no  tension  exists  in  the  concrete  on 
the  reinforced  side  of  the  neutral  axis,  and  that  plane  sections  before 
stress  will  remain  plane  sections  after  stress,  will  be  adopted;  but 
the  latter  hypothesi.s  cannot  he  expected  to  apply  very  closely  when 
j8  is  large,  particularly  when  it  is  near  90  degrees. 

A  general  solution  will  now  be  given  which  includes  every  possible 
case     All  special  cases  can  be  at  once  derived  t'roni  Miis  j^eneral  sohition. 


STRAINS 


(C) 

CROSS-SECTION 


Fig.   2. 

In  (a)  and  (??),  Fig.  2,  are  shown  two  longitudinal  sections,  and  in 
(c),  a  section  of  a  part  of  a  beam  subjected  to  stress.  /  N  i*epresents 
a  section  of  the  beam  taken  ahvays  parallel  to  the  direction  of  the 
loads,  which  may  be  weights,  soil  reactions,  earth  thrusts,  etc.  The 
shear  due  to  the  loads  thus  acts  along  I  N,  and  the  moment  is  the 
same  for  any  point  of  the  section. 

For  the  breadth,  h^  let  A^,  A^ represent  the  areas  of  the 

cross-sections  (taken  at  right  angles  to  the  axes)  of  the  bars,  1,  2, 
.    .    .,  at  depths  d^,  d„,   .    .    .,  respectively. 

Let  /j,  /^,  .  .  .,  represent  the  unit  stresses  in  the  bars,  1,  2,  .  .  ., 
so  that  the  total  stresses  in  the  successive  layers  of  bars,  1,  2,  .  .  ., 
for  the  breadth,  h,  are  /,  .4,,  /^  A.^,  .    .    .,  respectively. 

The  angles,  /?,  ^Qj,  ^,,  .  .  .  (expressed  in  radians),  are  those 
made  by  the  surface,  N  N',  bars  1,  bars  2,  .  .  .,  respectively,  with 
the  normal  to  the  section,  /  -V. 
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Let  0  be  the  neutral  axis  and  D  the  point  where  the  resultant,  C,, 
of  the  compressive  forces  (all  acting  parallel  to  N  N')  meets  /  N. 

Let  NO  =  hd^,  Dl  =  jd^,  OI  =  v^,  OL  =  v^,  etc. 

/'  W  represents  a  section  parallel  to  /  N,  Fig.  2  (b),  and  at  a 
perpendicular  distance,  J  x,  from  it.  The  "  flber,"  P  P',  parallel  to 
N  N',  of  concrete,  will  be  supposed  to  have  an  area  equal  to  the 
section  made  by  the  plane  IN,  J  a;  and  the  distance,  0  P,  will  be 
called  V.  Thus  the  area  of  a  right  section  of  the  fiber  is  J  a  cos,  /?; 
and,  if  /  is  the  unit  stress  on  a  right  section  of  the  fiber,  P  P',  the 
total  compressive  stress  on  the  fiber  will  be   (/  -^  a  cos.  ^8). 

After  strain,  suppose  the  plane  section,  /  N ,  rotates  relatively  to 
/'  N'  through  the  angle,  a,  to  J  M.  The  section,  J  M,  will  thus  be 
supposed  to  be  plane,  as  in  the  ordinary  theory. 

For  any  fiber,  whether  of  concrete  or  steel, 

change  of  length  of  fiber     ^ 

unitstress  =  ^ f     E (1) 

length  or  fiber 

where,  E  =  modulus  of  elasticity  of  fiber. 
Let  Eg  =  the  modulus  of  elasticity  of  steel, 
Ec=  "  "  "  "  "     concrete, 

and,  E^ 

"  =  t <^> 

Within  working  limits  of  stress,  and  for  the  very  small  values  of 
a  corresponding  to  very  small  values  of  ^  x,  the  change  of  length  of 
PP'  =  PQ=^va  sec.  p,  very  nearly* ;  hence  the  unit  stress,  /,  on 
this  fiber,  P  P' ,  by  Equation  1  is 

P  Q     „         V  a  sec.  /i    „  V  a    _^ 

f  = ^-  E  = —  E   =  E  . 

P  P'       '■        J  X  sec.  ft      '        Ax" 

Hence,  as  this  unit  stress  on  a  right  section  of  the  fiber  acts  on  the 

right  sectional  area,  ^  a  cos.  ^,  the  total  stress  on  the  fiber  is 

V  a 
~  E^  (J  a  cos.  /3), 

and  its  component  perpendicular  to  7  iV^  is 
E^  a  cos."  /i 


J  X 


(v  A  a). 


*  In  the  triangle,  P  O  Q,  by  the  law  of  sines,  P  O  =  ^ — '- .    As  a  tends  toward 

COS.  (a +3) 


COS.  l8 
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The  sura  of  such  components  on  the  compressed  area  of  depth,  h  d^ 
and  breadth,  h,  is 

E^.  a  COS.-  fi  ^s^''"^  ,      ,     ,        ^c  «  COS.2  /i  /  1  . 

since   J>-      (  r  //  r<)  ^  tlie  statical  moment  of  the  area  under  compression 

about  tlie  ueutral  axis  =  '>  k  i/j       k  (J^. 

For  the  hiyer  of  bars  1,  at  /,  similarly,  the  unit  stress  is 
./  /     „  r,  a  sec.  /i,    _  E^  a 

■'■  =  TF  *'  =    J  .  sec.  ^.  ^'  =  -fF  <"  "■>■ 
Also,  as  the  area  of  a  right  section  of  bars  1,  for  the  breadth,  h,  is  Aj^, 
the  total  stress  in  the  bars  1,  is 

E   <t 

-jj  ^"  '■'  ^>^- 
Similarly,  the  stresses  in  bars  2,  3,   .    .    .,  are 
E.  a  E<x, 

As  all  the  loads  on  the  beam  were  supposed  to  act  parallel  to  7  N, 
the  part  of  the  beam  to  the  left  of  this  section  is  in  equilibrium  under 
the  loads  and  reactions  acting  on  it  and  the  internal  stresses  along 
/  N.  For  equilibrium,  the  sum  of  the  components  of  the  stresses 
perpendicular  to  I  N  must  be  zero.  Therefore. 
E,.  a 


osr  (5  (A   h  k'  r/,2^ 


J  X 

E    a 

=   -^  n  (rj  A^  COS.  /Sj  +  v^  A.,  cos.  fl,  f  .    .    .). 

From  Fig.  2, 

v^^=  d^  —  k  d^,  v.,  ^=  d^  —  k  d^,  .   .  . ; 

hence,  on  substituting  these  values,  striking  out  the  common  factor, 
and  reducing,  we  derive, 

—  cos."^  ft  h  f?,-  A-2  ^  n  r?!  {A^  cos.  /?,  -f  A,  cos.  f5.^-\-  .   .   .)  k 

=  n  (f7j  A^  cos.  /i,  +  (I,  A^  COS.  /i.^  +  •   •   •) (-3) 

From  this  quadratic  in  k,  the  value  of  k  is  computed,  and  thus  k  d^  = 
0  N  can  be  found  and  the  neutral  axis  located.  Also,  a.s  the  com- 
pressive  stresses   are   uniformly    varyiim.    /)   iV  =    —   O   ^ ;   therefore, 

_/r7j  =  f7j—  y  fc  (7,;  and 

./  =  ^-^^ 0) 
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The  Resisting  Moment,  Mg,  of  the  Steel. — The  moment,  M,  at 
the  section,  /  N,  due  to  the  external  forces,  is  equal  to  the  resisting 
moment  of  the  stresses  acting  along  the  section.  Calling  the  perpen- 
dicular distances  from  D  to  bars  1,  2,   .    .    .,  y^,  p^,   .    .    .,  respectively. 

1/,  =  /,  A^  p^  +  f,  A^_  p,  +   .    .    ., (5) 

where,  p^  =  j  d^^  cos.  /3^,  p^=^  D  L  cos.  p^,  etc. 

E   a  E   a 

Now,  as  f.  =  —^ —  n  (',,  /.,  ^  — - —  n  c.,,  ....  it  toUows  that 

/2  =  'Vr /a  =  '' A («) 

1  '  1 

or  the  unit  stresses  in  the  bars  vary  directly  with  the  distances  from 
the  neutral  axis.  The  unit  stresses  in  the  interior  bars  will  thus 
always  be  less  than  f^,  so  that  such  an  arrangement  of  bars  is  un- 
economical. 

On  substituting  Equation  6  in  Equation  5, 

If  preferred,  after  locating  the  point.  D,  on  a  drawing,  the  per- 
pendiculars, p^,  p^,  •  ■  ■,  can  be  measured  to  scale;  otherwise,  they  may 
be  computed  readily  by  the  formulas  given. 

If  the  resisting  moment  of  the  steel,  Alg,  is  less  than  that  of  the 
concrete,  Mg,  for  assigned  maximum  unit  stresses,  then  the  moment, 
M,  of  the  external  forces  is  put  equal  to  the  right  member  of  Equation 
7,  the  value  of  /j   ascertained,   and,   from  Equation   6,  the  values   of 

/,,  /.J,   •    •    .,  are  computed.     The  stresses  in  bars  1.  2 are  thus 

f]  a[,  /,  A„  .    .    . 

Otherwise,  if  a  certain  value  is  assigned  to  /j,  as  16  000  lb.  per  sq. 
in.,  and  A^,  A.^,  .  .  .,  are  assumed,  from  Equation  7,  A^  can  be  computed. 
For  rough  computations,  A^,  A.,,  .  .  .,  may  often  be  ignored,  in  which 
case  we  can  write, 

3/,  =  /j  4,   p,  =  /,  .4^  ;■  d^  cos.  /3j. 

The  Resisting  Moment,  Mr,  of  the  Concrete. — To  compute  M,., 
the  position  of  the  resultant,  R,  of  the  stresses  in  the  bars,  must  first 
be  found.  The  magnitudes  of  the  forces  acting  on  the  bars  1,  2,  3, 
.    .    . ,  are 

t\A,.f,    "^  A,.f,^  A,...., 
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and,  as  these  are  proportional  to  /j,  the  direction  and  line  of  action 
of  A'  are  the  same  for  any  value  of  /^  and  hence  for  /^  =  1. 

Let  H  =  the  component  of  A'  perpendicular  to  I  N  when  /^  =  1 ; 
then 

H  =  A^  COS.  /i,  +  --^^  A.,  cos.  /I,  +  .  .  . 

Suppose  the  resultant  cuts  1  N  at  O;  then,  taking  moments  about  D, 


H  .  D  G  =  A,  2h  +  -r  ^^-2  P>  + 


^h  Ih 


The  right  member,  presumably,  has  already  been  computed  in  ap- 
plying Equation  7 ;  hence  D  G  is  quickly  ascertained  and  the  point, 
G,  located. 

Call  the  maximum  unit  stress  on  the  concrete  at  N,  />;  the  unit 


stress  on  the  filler,  P  P' ,  at  P  is  thus 


kch 


V.     This  acts  on  the  area 


(^   a  COS.  ^) ;  hence  the  stress  on  the  fiber  is 


A'r7, 


r  J  a  COS.  /i. 


and  the  sum  of  such  stresses  is 


a 


A-dj 


1 


fed,  1      f 

(<^  ^«)  =  -^  y^^  COS. /i/>(A-f?,)2. 


Therefore,  C  =  —  /^  b  k  <1^  cos.  /S. 
Taking  moments  about  G, 


M 


-  i\.  h  k  r?,  COS.-  fJD  G (,S) 


f,  A  f,A 


11'.  for  assitjned  maximum  values  of  f\  and  /^.,  M^  >  J/^.,  the  beam 
is  over-reinforced  and  M  is  placed  equal  to  the  right  member  of 
Equatif)n  S,  as  its  strength 
is  now  limited  by  that  of 
the  concrete.  This  case 
rarely  occurs  in  practice. 

As  an  illustration  of  the 
apjilication  of  tlie  formulas, 
take  tile  counterfort.  B  ^^. 
Fig.  3,  attaclied  to  the  face- 
slab.  iV  3/.  and  suppose  the  counterfort  to  be  su])jecte(l  to  a  horizontal 
earth  tlirust  of  12:!  7."iO  lb.,  actini:  to  the  left  and  It.Of.  ft.  above  A'',  irivinr^ 
a  bending  moment  at  iV  of  1:;  4."')4  10(1  in-Ih.     The  section,  iV^  7?.  corre- 


A 


O  f].    (1^     c/5 
Fig.  3. 


d.  d,  d„ 


B 
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spoiidiiig  to  iVi  of  Fig.  2,  is  taken  parallel  to  the  load  (the  earth  thrust), 
and  is  therefore  horizontal.  , 

The  width  of  the  counterfort  is  b  =  18  in.  The  inclined  bars 
have  a  total  sectional  area  :^  A^  =  9.45  sq.  in.,  and  the  vertical  bars, 
a  common  area,  A  =  0.784  sq.  in.  Using  the  foregoing  notation, 
Q  =23°  58',  /?,  =  ^3  =  .  .  .  ==  /^^  =  0.  The  distances,  d,  were  meas- 
ured from  -A'',  or  from  the  front  face  of  the  vertical  slab :  cZ,  =  128, 
dg  =  108,  d.,  =  100,  d^  =  92,  d^  =  76,  d^  =  60,  d.  =  44,  all  in  inches. 
Assume  n  =  15. 

On  substituting  known  values  in  Equation  3,  we  derive  h  =  0.311. 

Therefore,  j  =  ^  —\  k  =  0.896;  whence  N  0  =  h  d^  =  39.8  in., 

DB  =jd^  =  114.7  in.:  aNo.  .V  D  =  _^  N  0  =  \:\  in. 

On  subtracting  A"  0  ^  40  from  d^,  d.„  .  .  .,  we  derive  i\,  v^,  etc. 
The  perpendiculars,  p^,  p^,  ■  •  •,  from  D  on  bars  1,  2,  .  .  .,  are  p^  = 
;'  d^  cos.  p^  =^  105,  ^2  =  ^2  —  N  D  :=  95.   .    .    .,  respectively. 

From  Equation  7  we  have,  13  454100  =  1164  /^ ;  whence  f^  = 
11  500  lb.  per  sq.  in.;  from  Equation  6,  /.,  =  8  970,  .  .  .,  /;  =  575  lb. 
per  sq.  in. 

As  the  weight  of  the  heel-slab  must  be  carried  by  the  rods,  the 
areas  and  spacing  of  the  vertical  rods  were  designed  to  carry  their 
proportionate  paxt  of  the  weight  of  the  heel-slab.  The  stresses  corre- 
sponding are  found  to  be  in  excess  of  those  due  to  the  moment,  M. 
This  excess  is  taken  up  by  the  bond  stress  in  a  short  distance  above 
N  B,  so  that  above  a  certain  level,  only  the  moment  stress  correspond- 
ing to  that  level  is  carried  by  the  vertical  rods. 

The  total  stress  in  the  inclined  rods,  f^  A^  =  11  500  X  9.45  = 
108  675  lb.,  is,  of  course,  less  than  the  stress,  127  000  lb.,  found  by 
ignoring  the  influence  of  the  vertical  rods.  This  last  stress  is  most 
easily  found  by  use  of  the  diagram.  Fig.  6,  nnd  Equation  11,  given 
later. 

This  example  of  the  counterfort  has  been  given  more  for  the  purpose 
of  gaining  an  idea  of  the  actual  stresses  involved  than  of  urging  the 
adoption  of  the  more  refined  method  in  practice. 

If  the  diameter  of  a  bar  is  to  be  some  multiple  of  |  in.,  there  may 
be  no  saving  by  the  use  of  the  more  exact  method.  It  must  be  re- 
membered, too,  that  the  vertical  bars  are  not  always  bonded  securely 
in  the  biis<'-slab,  the  earth  thrust  may  also  be  much  increased  in  times 
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of  heavy  rains,  where  the  filling  is  not  adequately  drained;  and,  further, 
the  foundation  may  be  more  yielding  than  estimated. 

In  the  next  example,  Fig. 
4.  representing  the  heel  of  a 
T-wall  with  a  fillet,  the  wall 
bfhig  on  the  point  of  over- 
turning, the  exact  method 
seems  advisable. 

The  total  moment  at  the 
section,  N  J,  due  to  the  two 
forces  shown,  is  Fig.  4. 

M  =  (13  000  X  2.5  +  5  333  X  5)  12  =  709  992  in-lb. 

The  reinforcement,  shown  by  the  broken  lines,  for  both  inclined 
and  horizontal  bars,  consists  of  |-in.  square  bars,  8  in.  from  center  to 
center,  corresponding  to  A^  ■=  A.^  =  1.15  sq.  in.  for  a  breadth  of 
b  =  12  in. 

Assuming  n  =  15,  ^^  =  43°  10',  (3  =  (3.,  =  0,  d^  =  42,  d^  =  21.5, 
and  substituting  in  Equation  3, 

^  h  d^-  h-  -\-  n  A^  d.,  (cos.  ^^  -\-  \)^=^  n  A^{d^  cos.  /?^  +  d^) 
we  find,  after  solution, 

A;  =  0.238  ;  therefore./  =   1  —  —  A;  =  0.921, 

N  0  =  h  d^  =  10  in.,  D  I  =  j  d^  =  Z%  in.,  N  D  =  3.33  in,, 
v^  =  f?j  —  Mj  =  32,  n,  =  d^  —  kd^  =  11.5  ;  therefore  -j-  =  0.361. 


By  Equation   7,  3/,    =  J\  A^  (pi  +  — ^  ^^2  )  '  ^i    =   -D   7   cos.    /?, 

=  28.4,^2  =  18.2; 

therefore  M  =  710  000  =  1.15  (18.2  +  6.57)  /^  =  40  /, ; 

therefore  /,  =    17  7.-)0  lit.  ])pr  sq.  in.,  /.,  =  -^-  /,  =  0  380  lb.  jx'r  sq.  m. 

Where  the  foundation  is  good,  there  can  be  only  a  very  small 
moving  over  of  the  wall,  so  that  the  friction  force,  5  333  lb.,  at  N' 
can  be  neglected  and  the  soil  reaction  included.  In  this  particular 
example  (not  given  in  full  here)  the  new  values  of  f^  and  f.,,  thus 
found,  arc  only  four-tenths  of  those  given  previously. 
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Special  Case. — Where  ^  =  0  and  All 
the  Ro<Ik  Lie  in  One  Plane  Which  Meets 
the  Seclion,  I  N,  in  a  Line  at  J . — Fi(/.  5.- — 
The  reftai),uular  section  lias  the  breadth. 
6,  and,  as  before.  A^  represents  the  com- 
bined area  of  a  right  section  of  all  the 
rods  at  /  in  the  breadth,  h.  To  agree 
with  the  usual  notation,  put  dj  ^  d  and 
/j   =  /^  =  the  unit   stress  in  the   rods.      Equation   M   now  reduces  to 

h  d^  k"^  +  nd  A^  cos.  /ij  k  —  nd  A^  cos.  /)\  =  (I. 
A 

steel  area  A.         ,,..,.       ,     1  ,  ,q 

Placinu'  I)  =r =  — ,  and  dividing;-  hv      wr, 

concrete  area       hd  2 

k-  -{-  2  n  p  COS.  13^  k  —  2  n  p  cos.  j8j  =  0, 


therefore  A;  =  —  n  p  cos.  /3i  +  VC'^  P  cos.  (3^)-  +  2  (n  p  cos.  ^j) .  .  (9) 

when  /3j  =  0,  this  reduces  to  the  usual  formula  for  prismatic  beams, 

Jc  =  —  n  p  -\-  VC'^Pp'T  2ln  p)^ (10) 

Tn   Fig.  (),  the  values  of  k  and  _/  =  1  — -- k,  are    given    as    ordinates 

to  the  dotted  curves  for  various  percentages  of  steel  and  values  of  (3^, 
varying  from  0°  to  40°,  assuming  n  =  15. 

The  resisting  moment  of  the  steel  is  found  by  taking  moments 
about  D, 

Ms  =  fsA^  COS.  pj  d  =  f,  A^p^ (11) 

wlierc  /*j  =  the  perpendicular  distance  from  D  on  the  bar. 

The  resisting  moment  of  the  concrete  is  found  by  taking  moments 
about  I, 

K   =   .2    fr  'j  ^'  'If  '?    =   I    fc  il^.i)^^<1'' (!•-') 

For  assigned  maximum  working  values  of  fg  and  /,.,  the  least  re- 
sisting moment  is  equated  to  the  m*oment  of  the  external  forces. 

In  using  Fig.  6.  note  that  p  is  not  the  percentage  of  steel,  but 
y^  of  the  percentage. 

Resuming  the  example  of  the  counterfort.  Fig.  3,  what  will  be  the 
result  of  ign(U'ing  the  vertical  rods?     With  A^  =^  9.45  sq.  in.  and  as 
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the  area  of  the  base  or  section,  iV  5  ^  128  X  18  =  2  304  sq.  in.,  p  = 

9  45 

— —  =  0.004,  or  the  steel  iieroentasre  is  0.4.    Usini'  Fiof.  6,  with  6,  =24° 
2  304  w      o      '  /  I 

and  the  steel  percentage  0.4, 

/  z=  0.906;  therefore  jd  =  0.906  X  128  =  116. 

Hence,    as    the    moment    of    the    ea.rth    thrust    was    given    as    Af    ^ 
13  454100  in-lb.,  by  Equation  11, 

/,,  A^  X  116  X  0.914  =  13  454100; 
therefore  j\  A^  =  the  stress  in  the 
inclined  rods  =  127  000  lb.  With 
A^  =  9.4.T,  as  assumed,  j\  =  13  400 
lb.  per  s(i.  in.,  in  place  of  11  500  lb. 
per  sq.  in.,  found  before,  the  vertical 
rods  beinc;  included. 

Special  Case. — Where  the  Bods  Lie 
in  One  Plane,  for  Which  (3^=0,  But 
ft  is  Not  Zero. — Fig.  7. — Putting  d 
for  dj,  and  A  for  A^,  Equation  3  reduces  to 

cos.-  1^  hd  k^  -i-  2  n  A  k  —  2  n  A  =  0 
A 


fsA 


Fig.  7. 


Therefore,  as  before,  putting  p  = 


hd' 


^  =  7:;;;^  [—  ("  ^)  +  ^('^  Py'  +  2  ("  P)  cos.^'  /i] (13) 

In  Fig.  6,  the  full  lines  give  the  values  of  k  and  /  =  1  —       fc,  cor- 

responding  to  n  =  15  and  to  various  values  of  ^  and  percentages  of 
steel.     Equation  7,  in  this  case,  reduces  to 

(14) 


M,  =f,  A  jd 

Also,  as  Z)  G  ^=^  D  I  r=  jd,  Equation  8  becomes 


If,  in  Fig.  7,  we  write  p'  =  d  cos.  ^  =  the  perpendicular  from  / 
on  N  N'  produced, 


M.. 


fc(kj)hp" 


(16) 
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The  product,  hj,  varies  with  ^.  In  Table  1  the  values  of  (hj)  cos.-  fS, 
are  given  for  various  values  of  p  and  /?.  The  values  for  ^  =  0,  pertain 
to  a  prismatic  beam. 

TABLE  1.— Values  of  (k  j)  cos.^  f3. 


100  jj 

0.2 

0.6 

1.0 

1.6 

2.0 

/3  =  0 
/3  =  10° 

/3  =  30° 
^  =  40° 

0.200 
0.199 
0.186 
0.169 
0.145 

0.303 
0.299 
0.281 
0.261 
0.212 

0.359 
0..352 
0.321» 
0.294 
0.246 

0.411 
0.403 
0.376 
0.333 
0.276 

0.441 
0.427 
0.397 
0.351 
0.289 

It  is  seen  from  the  tabular  values  and  Equation  15,  that  M^  as 
given  by  Equation  15  is  always  less  for  /?    >  0  than  for  yg  =  0. 

In  the  ordinary  theory,  given  in  textbooks  on  "strength  of  mate- 
rials'', for  homogeneous  "beams  of  equal  strength"  with  variable  depth, 
vertically  loaded,  it  is  assumed  that  at  any  vertical  section  the  theory 
for  a  prismatic  beam  applies;  which  entails  the  postulate  that  the 
bending  stress  at  any  point  of  the  section  acts  perpendicular  to  it. 
The  theory  is  thus  inadequate  to  express  the  facts,  because  it  was 
shown,  in  the  beginning  of  this  paper,  that  the  stress  at  N,  Fig.  7, 
acts  parallel  to  the  face,  N  N'. 

This  common  theory,  if  extended  to  reinforced  beams  of  the  type 
shown  by  Fig.  1,  is  on  the  side  of  danger,  for  it  would  give,  for  any 
fS,  the  value  of  M^  from  Equation  15  corresponding  to  ^  =  0.  As  a 
matter  of  fact,  the  compressive  stresses,  Fig.  7,  act  parallel  to  N  iV 
only  at  N,  and  gradually  take  a  less  inclination  to  the  normal  to  7  N, 
as  points  are  taken  farther  down  the  joint.  Thus  Mf,  as  given  by 
Equation  15  for  ^  >  0,  is  less  than  tlie  true  value,  and  is  tlius  on 
the  side  of  safety.  The  true  value  lies  between  that  given  by  Equation 
15  for  the  assumed  value  of  j3,  supposed  to  be  greater  than  zero,  and 
the  value  for  yg  =  0,  doubtless  lying  much  nearer  the  former  vakie  than 
the  latter  because  M,.  is  affected  to  a  greater  extent  by  the  larger 
stresses  near  N,  which  are  nearly  parallel  to  N  N'  and  have  longer 
arms,  than  by  those  smaller  stresses  nearer  the  neutral  axis,  with  their 
shorter  arms. 

The  case  where  ^g  =  0,  ^^  =  0,  leads  to  the  ordinary  formulas  for 
a  prismatic   reinforced  beam,  for  which   a  valuable  working  diagram 
was  first  given*  by  Arthur  W.  French,  M.  Am.  Soc.  C.  E. 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LVl,  1906,  p.  362. 
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Maximum  Shearing  Stresses. — Let  INN'  1',  Fig.  8,  represent  a 
part  of  the  beam  lying  between  two  sections,  I  N ,  F  N' ,  perpendicular 
to  the  plane  of  the  paper  and  parallel  to  the  direction  of  the  loads, 
and  dx  apart.  These  sections  are  rectangular,  having  the  breadth  h. 
The  beam  is  supposed  to  be  reinforced  with  the  rods  /  1' ,  L  L' , 
S  S',  .   .   . 

Let  V  and  V  denote  the  shears  due  to  the  loading  C  and  C",  the 
resultants  of  the  compressive  stresses,  and  T  and  T',  the  resultants 
of  the  tensions  in  the  bars,  at  the  sections,  /  N,  /'  N'^  respectively. 

The  part  of  the  beam,  INN'  /',  is  in  equilibrium  under  the  action 
of  these  forces,  with  the  directions  given  by  the  arrows,  its  own 
weight  and  load ;  but  as  the  weight  and  load  are  equal  to  an  expression 
that  contains  dx  as  a  factor,  it  is  infinitesimal,  compared  with  the 
forces,  and  is  neglected.  It  is  to  be  ob- 
served, also,  that  T'  is  supposed  to  act 
in  the  same  line  as  T,  because  it  a])- 
proaches  this  position  indefinitely  as  dx 
tends  toward  zero. 

Suppose  that  T  meets  the  section, 
/  N,  at  G,  and  takes  moments  about  G 
of  the  forces  in  equilibrium : 


(C  —  C)  cos.  13  D  G  =  V  dx. 

Taking  the  neutral  surface  as  paral- 
lel to  the  surface,  N  N',  and  calling  v 

the  unit  shear  along  this  neutral  surface,  the  area  of  which  is,  h 
=  h  dx  sec.  p,  the  total  shearing  stress  on  it  is  i;  &  dx  sec.  fi. 

The  prism,  N  0  0'  W,  of  breadth,  h,  is  in  equilibrium  under  the 
shears,  acting  upward  along  0  N,  downward  along  N'  0' ,  the  re- 
sultants, C,  C,  and  the  shearing  stress,  v  h  dx  sec.  /3,  acting  along 
0  0'.  Hence  the  algebraic  sum  of  the  horizontal  components  is  zero. 
Therefore, 

(C"  —  C)  cos.  ft  =  (v  h  dx  sec.  ^)  cos.  fS  =  v  h  dx. 
Substituting  this  value  in  the  preceding  equation,  dividing  by  dx,  and 
then  taking  the  limit,  as  dx  approaches  zero  and  7'  approaches  V  in- 
definitely, it  is  found  that 

~  hDG"" 


Fig.  8. 


0    0' 


(17) 
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The  point,  G,  can  be  found  without  knowing  the  stresses  in  the  bar^, 
as  explained  previously.  This  unit  shear,  i',  exists  from  the  neutral 
surface  to  the  bars  nearest  to  it. 

The  case  most  frequently  met  is  wlicre  all  the  steel  reinforcement 
is  placed  in  the  plane  through  /  /',  perpendicular  to  the  plane  of  the 
paper.  For  this  case,  G  coincidas  with  /  and  D  G  ^=  j  .  I  N  =^  jd, 
putting  I  N  ^=  d.     Therefore, 

^■=    .^—j (1«) 

jrl  .  h 

From  Fig.  6.  j  can  be  found  when  either  /?  or  ^^  is  zero,  or  when 
both  axe  zero.  In  the  latter  case.  Equation  18  is  a  well-known  for- 
mula, and  for  aiiiiroximate  vahies.  /  =    -  =  0.87.")  is  often  used. 

The  maxinnim  shearing  stress  given  by  the  last  equation  remains 
the  same  for  points  between  the  neutral  surface  and  the  steel.  Above 
the  neutral  surface,  it  decreases,  by  the  usual  parabolic  law,  to  zero 
at  A'.    The  unit  shear,  v,  acts  parallel  to  iV  N'. 

Bond  Stress. — In  Fig.  8,  first  suppose  the  steel  bars  to  lie  only  in 
the  plane,  /  /'.  For  the  breadth,  h,  let  the  total  tension  in  the  bars 
at  /be  t^,  acting  in  the  direction  7'  I,  and  the  corresponding  tension 
at  r  be  t^',  acting  in  the  direction  I  /'.  The  increment  of  stress 
(t^'  —  t^),  is  transmitted  by  the  bond  between  the  concrete  and  the 
steel. 

Let  u  =  thi8  bond  stress  per  square  inch  of  surface  of  the  rods; 
0  =  the  surface  area  of  one  bar  for  1  in.  of  length   (equal  to 
the  perimeter)  ; 
2  0  =  the  surface  area  of  all  the  bars  in  the  width,  h,  for  1  in. 
of  length. 

In  the  length,  I  I'  =  dx  sec.  ^j,  the  total  area  is  7  /'  2  o,  and  the 
total  bond  stress  is  u  dx  sec.  /3y  2  o  =^  t^'  —  t. 

Taking  moments  about  D,  of  the  forces,  V,  V ,  C,  C ,  t^,  //,  in 
equilibrium, 

(^/  —  0  cos.  /3^  I  D  =  u  dx  2  0  T  D  =  V  dx. 

Dividing  by   dx,  taking  limits   as   dx  approaches   zero,   and    replacing 
7  D  hy  j  d, 

V 

u^-r-j-— (10) 
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In  this  formula,  d  =  N  I,  and  j  is  to  be  found  by  the  diagram.  Fig. 
6,  or  by  previous  methods.     When  ^^  =  0,  /?  =  0;  the  approximate 

vahio,  —  ,  is  often  used. 

S 

The  formulas  for  both  shear  and  bond  stresses.  Equations  18 
and  19,  are  of  the  usual  form,  corresponding  to  ^^  =  ^  =  0.  They 
are  more  general  than  for  the  latter  case,  and  it  is  only  necessary 
to  substitute  the  proper  value  of  j  for  the  values  of  fS  and  ft^  as- 
sumed to  obtain  the  proper  values  of  the  stresses. 

Where  there  are  several  layers  of  bars,  as  at  /  I',  L  U ,  S  S' ,  .  .  ., 
let  Wj,  u„,  .  .  .,  indicate  the  unit  bond  stresses  and  "E  o^,  'E  o^,  .  .  ., 
the  areas  per  linear  inch  of  surface  of  the  rods,  for  the  width,  h,  for 
the  respective  bars;  then  the  total  bond  stresses  at  7  /',  L  L',  .  .  , 
are 

u^i  r  :e  Oj,  u„  l  u  '2  0.,,  .  .  . , 

v?hich  are  equal,  respectively,  to  (^/  —  ^j),  ii^'  —  t„),   .    .    .,  the  sub- 
scripts referring  to  bars  1,  2,   .    .    .,  at  I  T,  L  L',   .    .    .. 

Taking  moments  about  D  and  proceeding  as  before,  we  easily  derive, 
FD^u^  .2  Oj  +  L  D  ?(,  3  o.,  +  SD  u^  2  03  +  .   .   .   =  r. 

Now,  the  unit  bond  stress  in  any  rod  is  proportional  to  the  unit 
elongation  of  the  rod,  or  to  its  unit  stress,  which  varies  with  the  dis- 
tance from  0   [See  Equation  6]  ;  hence,  for  the  same  loading, 

OL            OS         -:'■^■- 
"^  =  "^oT"^  =  "-o7-  •  •' (-"^ 

Therefore  the  previous  equation  reduces  to 

n,  [/D-o,  +  LD^—^2o.^  +  SD^^So,+   .   .   .]  =  r..C21) 

From  this  equation,  v^  is  found;  then,  from  Equation  20, 
-?<.„  u.„   .    .    . 

If  the  interior  bars  are  ignored,  and  Wj  is  found  from  the  simple 
formula.  Equation  19,  to  be  within  safe  limits,  it  follows  that  the  true 
bond  stresses  on  all  the  bars  are  less,  and  are  therefore  within  safe 
limits. 

The  application  of  Equations  18  and  19  is  obvious.  As  Equations 
IT  and  21  are  unusual  forms,  it  may  prove  of  service  to  the  computer 
to  give  a  numerical  illustration.     Let  it  be  proposed,  therefore,  to  find 
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the  shear  and  bond  stresses  for  the  Iieel-shib  with  the  fillet,  Fig.  4, 
already  considered. 

The  total  shear  at  T  1,  for  &  =  12  in.  length  of  wall,  is  F  =  18  333 
lb.     The  tension  in  tlie  bar  which  makes  the  angle,  ji^  =  43°  10',  with 

the  liori/.ontal,  is  /',  J,,  and   that  in  the  liorizoiital  bar  is /j A.^=z 

.    ll.o      , 
/,  —7—    -4.,    =    0.:;(;i    J^    A.,.      As    ^1.     =     .4.,.    these    tensions    are 

.>!;  -  -  - 

in  the  ratio,  1:0.361,  and  the  point,  G,  where  the  resultant  of  the 
two  tensions  cuts  N  I,  is  the  same  as  for  two  forces  of  magnitudes 
1  and  0.361,  ha.ving  the  same  positions  and  directions. 

Let  H  =  the  sum  of  the  horizontal  components  of  the  two  forces 
supposed.     Therefore 

i7  =  1  X  cos.  ^,  +  0.361  =  1.090, 
Taking  moments  about  D, 

E .   D~G  =  1  X  cos,  13,  X  DJ  +  0.361  X  D~L 
=  0.729  X  39  +  0.361  X  18.2  =  34.97. 

Therefore,  D  G  =  32.1  in.,  and  the  maximum  shear  is 
T  18  333 


h.D  G         12X32.1 


=  47.6  lb.  per  sq.  in. 


Both   the   inclined   and   horizontal   reinforcement   consists   of   l-in. 
square  rods,  spaced  8  in.  from  center  to  center.     Therefore, 

2  Oi  =  2  0,  =  -^  (3.5)  =  o.  2o  for  6  =  12  in. 

o 

Also,  from  previous  computations, 

I  D  =  39,  L  D  =  18.2,  0  L  =  11.5,  0  /  =  32  in. 

Therefore,  by  Equation  21,  the  unit  bond  stress,  u^,  on  the  inclined 

rods  is  given  by 

11.5  X  18.2 
n,  X  5.25  I  39  +  -^ ^ I  =-  18  333 


Therefore.  ?/,   =  76.7  lb.  per  <q.  in.,  and  the  unit  bond  stress  on  the 

horizontal  rods  is 

OL  11.5 

u.y  =  ?(j  =  — n;—  X  76.7  =  27.5  lb.  jicr  s(].  in. 

In  wliat  precedes,  there  is  much  that  may  appear  novel.     The  prob- 
lems that  occur  in  practice  pertain  to  two  different  classes  of  beams. 


2084  STRESSES    IN    REINFORCED    CONCRETE   BEAMS  I  Papers. 

In  those  of  the  first  class,  illustrated  by  Figs.  3  and  4,  the  section, 
/  N,  is  taken  perpendicular  to  the  face  on  the  compressive  side,  and 
the  bending  stresses  there  act  perpendicularly  to  the  section,  as  in 
the  ordinary  theory.  In  beams  of  the  second  class,  as  in  Fig.  1,  the 
section,  /  N,  is  not  perpendicular  to  the  face  on  the  compressive  side, 
and  the  compressive  stresses  are  all  assumed  to  act  parallel  to  the  face. 
It  is  possible  that  this  assumption,  alone,  will  be  open  to  criticism, 
for,  accepting  the  hypothesis,  all  the  results  follow  readily  from  simple 
mechanical  laws. 

The  writer  invites  a  careful  criticism  of  this  hypothesis,  with  the 
accompanying  deductions.  A  strict  solution  of  beams  of  the  second 
class  is  doubtless  impracticable,  but  the  writer  believes  that  he  has 
effected  a  practical  solution  which  is  on  the  side  of  safety  and  may 
commend  itself  to  the  practitioner. 
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COLORADO    RIVER    SIPHON. 

Discussion.* 


By  George  Schobinger,  Assoc.  M.  Am.  Soc.  C.  E.f 


George  Schobinger,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr. 
danger  of  the  siphon  silting  up  is  hardly  as  imminent  as  Mr.  Cory  binger. 
fears.  Although  it  was  operated  throughout  the  irrigation  season 
of  1912  with  a  flow  rarely  exceeding  more  than  300  see-ft.,  no 
diminution  in  efficiency  was  noted.  During  the  season  of  1913  the 
flow  has  sometimes  been  as  high  a.s  600  sec-ft.  with  similarly  satisfac- 
tory results. 

Fig.  10  shows  the  rating  curve  for  present  operating  conditions. 
As  noted  thereon,  the  head  available  may  vary  under  ordinary-  circum- 
stances from  1.8  to  2.2  ft.  The  loss  of  head  at  the  gate  opening  in 
the  shafts  and  in  the  tunnel  has  not  been  segregated;  as  the  flow  in- 
creases beyond  the  limits  shown,  the  effects  of  these  various  influences 
will  no  doubt  be  apparent  on  the  curve. 

The  silting  conditions  in  the  distribution  system  of  Imperial  Val- 
ley, which  heads  directly  in  the  Colorado  River,  are,  of  course,  radically 
different  from  those  on  the  Yuma  Project,  where  the  sluiceway 
settling  basin  of  Laguna  Dam  serves  efficiently  to  eliminate  much  of 
the  silt  and  heavier  sands,  a  result  which  was  anticipated  in  the  de- 
sign of  the  dam.  The  results  of  a  series  of  tests  conducted  by  the 
writer  indicate  that  from  30  to  60%  of  the  silt  carried  by  the  river 
is  dropped  before  the  water  enters  the  canal,  and  that  more  than  95% 
of  the  silt  in  the  canal  water  below  the  head-gates  is  still  in  the  water 
after  it  has  flowed  through  15  miles  of  canal  at  low  velocity  and 
through  the  Colorado  River  Siphon.  The  velocity  in  the  Arizona  shaft 
is  three  times  as  great  as  that  in  the  sluiceway  at  Lagima  Dam,  and 

*  Continued  from  August,  1913,  Proceedings. 
t  Author's  closure. 
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Mr.  tlierefore  it  is  perfectly  evident  that  a  large  proportion  of  the  silt 
binger.  which  might  be  deposited  at  these  low  velocities  has  been  taken  out. 

However,  even  if  these  conditions  were  not  so,  and  the  unexpur- 
gated  waters  of  the  Colorado  flowed  through  the  siphon,  the  writer 
is  of  the  opinion  that  the  method  of  operation  would  obviate  any 
serious  inconvenience.  At  the  end  of  each  week  the  water  is  shut  off 
at  the  head-gates,  and  the  canals  are  allowed  to  drain.  When  the 
water  is  again  turned  in,  the  head  available  to  push  it  through  the 
siphon  may  be  as  much  as  9  ft.,  and  this  would  effectually  flush  out 
any  light  deposit  of  the  previous  week. 

The  writer  has  recently  taken  soundings  which  indicate  that  there 
need  be  no  aiii)rehension  as  to  the  loss  of  usefulness  of  this  structure 
due  to  silting. 
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It  is  doubtful  whether  a  general  article  on  the  Yuma  Project  will 
be  written  in  the  immediate  future.  Laguna  Dam,  both  in  design  and 
construction,  has  been  described  very  completely  by  E.  D.  Vincent, 
M.  Arri.  Soc.  C.  E.,  Resident  Engineer,*  and  the  levee  work  and  bank 
protection  by  Mr.  Sellew.f  The  Colorado  River  Siphon  has  been  cov- 
ered in  the  present  paper,  and  in  an  article  by  Mr.  Sellew.:}:  Until 
the  remaining  important  features  on  the  Project  are  under  way,  it  is 
not  probable  that  a  general  article  on  the  subject  will  be  forthcoming. 

The  writer  regrets  that  there  has  been  no  discussion  on  this  paper 
by  engineers  familiar  with  pneumatic  tunnel  work. 

*  Engineering  Ni-ws,  Feb.  27th.  1908,  Feb.  9th,  1905,  and  June  10th.  1910. 

f  Engineering  Neini,;  Feb.  15th,  1913;  Transactions,  Am.  Soc.  C.  E..  Vol.  LXXVI,  p.  1483. 

t  Engineering  Neivs,  August  29th,  1912. 
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:modern  piek  construction 
in  new  york  harbor. 

Discussion.* 


By  R.  T.  Betts,  M.  Am.  Soc.  C.  E. 


R.  T.  Betts,  M.  Am.  Soc.  C  E. — In  the  type  of  pier  for  single-  Mr. 
story  sheds,  developed  and  built  successfully  by  the  Department  of 
Docks  under  Mr.  Staniford's  direction,  concrete  is  used  for  the  deck 
only.  Therefore,  there  can  be  no  question  about  its  durability,  as  far 
as  exposure  to  sea  water  is  concerned.  In  the  type  of  pier  for  two- 
story  sheds,  pedestals  of  mass  concrete,  deposited  in  situ  on  a  pile 
and  timber  foundation,  will  support  the  shed  columns.  With  regard 
to  the  durability  and  permanency  of  Portland  cement  concrete  ex- 
posed to  the  action  of  sea  water,  to  which  Mr.  Harris  has  referred,  the 
speaker  would  be  inclined  to  condemn  the  use  of  concrete  for  such 
exposure,  if  the  experience  of  the  Department  of  Docks  had  been  as 
unfortunate  as  that  of  the  Government,  as  exemplified  by  the  sea- 
wall at  the  New  York  Navy  Yard,  and  elsewhere. 

Since  the  establishment  of  the  Department  in  1871,  Portland 
cement  concrete  has  been  used  in  block  form  and  in  mass,  in  the 
construction  of  the  bulkhead  or  sea-wall.  For  the  mo.st  part  the  wall 
built  along  the  shores  of  Manhattan  Island  consists  of  large  con- 
crete blocks  made  in  the  proportion  of  1  part  cement,  2  parts  sand, 
and  5  parts  2A-in.  broken  stone,  by  volume,  and  reaching  on  the  face 
of  the  wall,  from  a  prepared  foundation  of  concrete  in  bags  on  rock 
bottom  at  a  depth  of  from  15  to  40  ft.  below  nipau  low  water,  or  from 
a  pile  foundation  sawed  to  a  grade  of  about  15  ft.  below  mean  low 
water,  up  to  about  2^  ft.  below  mean  low  water,  the  remainder  of  the 

•Continued  from  October,  1913,  Proceedingx. 
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Mr.  face,  up  to  the  street  grade,  consisting,  usually,  of  granite  backed 
^^^^'  with  concrete.  In  the  fabrication  of  these  concrete  base  blocks  no 
attempt  whatever  was  made  to  produce  a  dense  face,  except  the 
usual  "spading"  along  the  form.  They  were  allowed  to  harden  thor- 
oughly in  air,  and  their  use  has  resulted  in  permanent  construction. 
About  5  or  6  months  ago,  two  of  these  base  blocks  were  removed  from 
the  wall  at  the  foot  of  East  38th  Street,  East  River,  in  order  to 
enable  the  New  York  Edison  Company  to  place  an  additional  intake 
tunnel.  An  examination  of  these  blocks,  after  a  submergence  of  10 
years,  showed  perfect  surfaces.  There  can  be  no  doubt  as  to  the 
permanency  of  Portland  cement  concrete  when  moulded  in  blocks  and 
allowed  to  harden  in  air  before  being  exposed  to  the  action  of  sea 
water. 

Numerous  examples  (many  of  them  built  by  the  Department  of 
Docks)  of  concrete  deposited  in  situ  and  exposed  to  tidal  action,  such 
as  concrete  walls  on  rock,  concrete  walls  on  pile  and  timber  platforms, 
concrete  walls  as  facing  for  timber  cribs,  and  concrete  foundations 
for  ferry  buildings,  exist  in  and  about  New  York  Harbor.  A  per- 
sonal examination  of  many  of  these  structures  has  shown  that  in 
nearly  every  case  where  deterioration  is  found,  it  has  occurred  in  a 
zone  extending  from  about  mean  low  water  to  about  mean  tide,  and, 
as  might  be  expected,  walls  exposed  to  considerable  wave  action  show 
greater  deterioration  within  this  zone.  It  is  also  observed  that  where 
the  precaution  has  been  taken  to  face  up  the  wall  with  a  richer  (1 
part  cement  to  2  parts  sand)  and  denser  mixture,  from  3  to  6  in.  thick 
(as  in  the  case  of  the  Whale  Creek  wall,  and  the  Wallabout  wall 
adjacent  to  the  New  York  Navy  Yard),  the  exposed  faces  are  intact, 
although  it  must  be  stated  that  the  Wallabout  wall  was  not  exposed 
to  tidal  action  until  after  the  concrete  had  had  time  to  become  well 
hardened. 

From  the  nature  and  location  of  the  deterioration,  there  can  be 
bvit  little  doubt  that  it  is  due  in  the  beginning  to  a  dislodgement  of 
the  cement  by  the  action  of  the  water  before  it  has  had  time  to  set, 
and  its  further  progress  is  due  to  mechanical  action,  such  as  frost, 
ice,  and  impact  from  floating  debris,  rather  than  to  chemical  action. 
In  order  to  prevent  spreading,  repairs  are  made,  cheaply,  easily,  and 
effectively,  by  cutting  out  the  affected  places  to  a  depth  of  about  2  in. 
on  a  falling  tide  and  replacing  them  with  a  mixture  of  1  part  cement 
to  2  parts  sand. 

The  speaker  has  no  hesitation  in  saying  that  good  and  permanent 
mass  concrete,  exposed  to  the  action  of  sea  water,  can  be  obtained,  pro- 
vided the  iisual,  fundamental  precautions  for  concrete  work  are 
observed,  as  follows: 

(A) — Design. — All  surfaces  of  concrete  deposited  in  situ  and 
exposed  to  water  should  be  composed  of  a   dense,   rich  mixture  of  1 
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part   cement   to   2   parts   sand,   from   3   to   6   in.    thick,   depending   on    Mr. 
whether  or  not  it  is  exposed  to  wave  action  in  addition  to  frost,  ice, 
and  tit)ating  debris.     All  edges  should  be  rounded  or  beveled. 

(B) — Proper  Materials. — Cement,  Sand,  Stone,  and  Water. — The 
Department  specifications  for  cement  require  that  it  "shall  not  set 
within  half  an  hour  after  being  mixed  with  water  and  shall  set  within 
live  hours.  *  *  *  The  fineness  shall  be  such  that  the  percentage 
of  cement  passing  through  a  No.  100  sieve  shall  not  be  less  than 
95%."  The  tensile  strength  as  developed  by  briquettes  of  neat  cement 
should  be  500  lb.  per  sq.  in.  for  1  day  in  air  and  6  days  in  water,  and 
575  lb.  per  sq,  in.  for  1  day  in  air  and  27  days  in  water.  For  a 
mixture  of  1  part  cement  to  2  parts  standard  quartz  sand,  the  values 
at  the  before-mentioned  times  should  be  225  and  300  lb.  per  sq.  in., 
respectively.  The  cement  is  subjected  to  the  usual  "pat"  tests  for 
checking,  cracking,  distortion,  and  color. 

The  sand  should  be  clean  and  sharp. 

The  stone  should  be  clean,  hard,  and  durable.  Gravel  should  not 
be  used  as  a  substitute  for  broken  stone,  except  possibly,  in  "back- 
ing" concrete,  where  it  will  not  be  exposed  to  tidal  action. 

The  water  should  be  fresh  and  clean. 

{C) — Workmanship. — All  ingredients  should  be  mixed  thoroughly 
so  as  to  form  a  "wet"  mixture,  and  care  should  be  exercised  in  deposit- 
ing it  so  as  to  get  a  uniform  distribution  of  the  ingredients,  without 
"pockets."  "Facing"  should  be  deposited  simultaneously  with  the 
"backing"  and  in  such  a  way  as  to  make  the  mass  monolithic.  Con- 
crete, especially  the  exposed  surfaces,  should  not  be  deposited  in  water, 
but  the  work  should  be  planned  and  executed  so  as  to  keep  the  deposit- 
ing in  advance  of  a  rising  tide.  Forms  should  be  carefully  made, 
preferably  of  dressed,  tongued-and-grooved  lumber,  treated  with  crude 
oil  or  similar  material  to  prevent  adhesion  of  the  concrete,  and  made 
tight  enough  (caulking  the  joints  if  necessary)  to  exclude  water  from 
the  moulds,  especially  on  a  rising  tide.  They  should  be  designed  and 
braced  so  as  to  retain  their  shape  accurately,  even  should  it  become 
necessary  to  fill  a  mould  rapidly. 

All  concrete  surfaces  should  be  kept  wet  with  fresh  water  for  at 
least  a  week,  in  order  to  insure  the  proper  initial  hardening  of  the 
cement. 

In  hot  weather,  if  exposed  to  the  direct  rays  of  the  sun,  the  work 
should  be  covered  with  tarpaulin  or  similar  covering  and  kept  moist 
to  prevent  "drying  out." 

In  freezing  weather  the  concrete  materials  should  be  heated,  not 
only  for  the  immediate  purpose  of  mixing,  but  for  keeping  the  frost 
out  of  the  materials  as  well.  The  water  should  be  kept  hot,  but  not 
boiling;    and    all    concrete    deposited    during    freezing    temperatures 
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Mr.    should  be  immediately  covered  and  protected  from  frost  until  setting 
Betts.  .  , 

IS  assured. 

Walls  of  mass  concrete,  requiring  the  depositing  of  concrete  under 
water  within  forms,  should  not  be  attempted,  unless  the  enclosing 
structure  or  forms  are  allowed  to  remain  and  become  a  part  of  the 
permanent  construction,  as  it  is  practically  impossible  to  obtain  proper 
surfaces  with  concrete  thus  deposited. 
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PHYSICAL  VALUATION  OF  RAILROADS. 

Discussion.* 


By  Messrs.  T.  Ivexxard  Thomson,  Charles  S.  Churchill,  R.  D. 
Coombs,  Colin  M.  Ingersoll,  and  Arthur  M.  Waitt. 


T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E. — The  Society,  and  indeed       Mr. 
the  whole  country,   owes   Mr.   Wilgus   a   vote  of  thanks  for  his  very  Thomson, 
complete   and   valuable  paper.     It  would   be  difficult   to   find   a   phase 
of  the  subject  on  which  he  has  not  touched. 

The  valuation  of  railroads  is,  of  course,  one  of  the  most  far-reach- 
ing and  important  investigations  ever  undertaken  by  this  or  any  other 
Government,  and  the  results  obtained  by  the  present  Commission 
will  naturally  be  of  inestimable  value.  It  is  safe  to  say,  however, 
that,  unless  this  work  is  done  in  harmony  with,  and  with  the  hearty 
co-operation  of,  each  railroad,  the  results  will  not  be  worth  one- 
quarter  of  what  they  should  be. 

Although  the  speaker  is  a  strong  believer  in  the  benefits  which 
will  accrue  from  the  present  Government  investigation,  he  thinks  that 
the  ultimate  object  is  the  "intrinsic  value"'  of  the  railroads;  that  is, 
the  real  commercial  value — not  an  artificial  assumption. 

If  desirous  of  buying  anything,  one  must  pay  what  the  seller  can 
be  persuaded  to  take,  and  he,  naturally,  will  not  sell  if  he  thinks 
he  can  get  a  better  price  elsewhere.  A  seller  likes  to  think  that  he  is 
getting  back  all  that  was  spent  on  his  property  plus  interest,  either 
simple  or  compound,  but  he  would  probably  sell  at  once  for  a  small 
fraction  of  the  cost,  if  satisfied  that  tlie  proceeds  could  be  invested  so 
as  to  net  him  a  larger  or  safer  income. 

The  value  of  a  railroad,  like  that  of  any  other  property,  must 
fluctuate   enormously   from   time   to   time,   due   to   changed   conditions 

*  Continued  from  October,  191S,  Proceedings. 
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Mr.  or  changed  management;  and  these  fluctuations  may  have  very  little 
Thomson,  relation  to  the  original  cost  of  the  property. 

In  buying  a  fine  diamond,  does  the  purchaser  inquire  what  was 
spent  in  mining  it?  If  two  young  men  take  the  same  course  at 
Harvard:  one  at  a  cost  of  a  few  hundred  dollars  a  year — which  he 
earns  as  he  goes — and  the  other  at  a  cost  of  many  thousands  of  dol- 
lars, will  not  the  first  almost  invariably  be  able  to  sell  his  service 
for  a  higher  rate?  If  these  two  boys  were  to  invest  the  same  amount 
of  money  in  houses,  one  might  build  or  buy  a  number  of  houses  which 
he  could  sell  for  a  big  profit;  the  other  might  put  all  his  money  in  a 
single  house  and  not  be  able  to  sell  it  for  one-quarter  of  its  original 
cost.  Two  men  might  start  a  grocery  business,  under  exactly  the 
same  conditions,  but  with  entirely  different  results,  as  all  know,  and 
so  on  ad  infinitum.  Why,  then,  should  a  railroad  alone  be  forced  to 
put  false  or  fictitious  values  on  its  property — for  sale,  rate-making, 
or  taxation,  etc. — instead  of  its  real  value  at  that  time? 

Suppose  a  railroad  is  only  a  couple  of  hundred  miles  long.  It  may 
be  in  first-class  condition  in  every  respect,  but  if  it  has  not  a  working 
arrangement  with  other  roads  at  each  end,  whereby  it  can  obtain 
its  share  of  freight,  its  earning  capacity  will  not  be  enough  to  pay 
operating  expenses;  and  to-morrow  a  new  manager  may  "get  tlie 
business"  and  pay  the  stockholders  a  handsome  profit.  This  has  been 
done  over  and  over  again.  In  one  case  a  yoimg  engineer,  who  saw  a 
western  road  which  was  "run  down",  told  the  owners  what  he  could 
do  if  they  paid  him  a  percentage  of  the  profits;  his  proposition  was 
accepted,  and  this  made  him  a  multi-millionaire.  How  would  any 
basis  of  actual  cost,  or  cost  of  reproduction,  be  applied  to  these  cases  ? 

Mr.  Wilgus  very  truthfully  states  that  it  is  impossible  to  ascer- 
tain the  real  cost  of  a  railroad  already  built.  He  also  states  that 
it  has  never  been  possible  to  predict  the  actual  cost  of  a  road;  "cost 
of  reproduction"  would  come  in  the  same  class. 

Among  other  things  which  have  cost  the  railroads  much  and 
would  be  hard  to  find  are  the  items  of  ballasting  mentioned  by  Mr. 
Wilgus,  who  states  that  24  in.  of  ballast  are  needed.  In  many  cases 
the  depth  of  the  ballast  is  actually  more  than  12  ft. 

Cost  of  litigation,  and  other  obstructions  by  property  owners,  are 
enormously  expensive,  not  only  directly,  but  also  in  the  brain  energy 
required  to  overcome  them,  which  might  have  been  spent  on  the  con- 
struction or  operation  of  the  road.  For  instance,  the  Chesapeake  and 
Ohio  Railroad,  being  uiaable  to  obtain  from  an  old  Virginian  permis- 
sion to  use  part  of  his  property,  took  possession.  The  owner  removed 
the  tracks  and  buried  the  corpse  of  a  woman  there;  the  railroad  com- 
pany dug  up  the  body  and  buried  it  150  miles  away;  the  owner  found 
the  body,  brought  it  back,  and  again  buried  it  on  the  "right  of  way", 
this  time  embedding  it  in   concrete.     As  the  concrete  was  very  hard. 
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niid    the    railroad    company   did    not    like    to    use    dynamite,    it    simply       Mr. 
raised   the   prade  of   the   track,   and    allnwcd    the   body    to   remain    in 
peace  under  the  rails. 

Without  the  co-operation  of  the  railroads,  an  investigator  might 
easily  overlook  the  old  New  York  Central  Railroad  line  through 
Kingsbridge,  New  York  City,  and  estimate  the  Marble  Plill  cut-off 
at  a  fraction  of  its  cost.  In  the  West  a  railroad  tunnel  which  had 
been  closed  three  times  by  land  slides  was  abandoned  for  a  temporary 
line  with  a  very  shai^i  curve,  and  years  afterward  was  rebuilt  in  a 
different  location. 

But  why  continue  when  every  one  knows  that  the  exact  cost  of 
an  old  or  to-be-built  railroad  can  only  be  ascertained  approximately? 

Mr.  Crehore's  suggestion,  that  the  railroads  put  a  valuation  on 
their  own  property,  has  much  merit,  and  reminds  one  of  the  method 
used  in  Germany  for  many  years,  the  speaker  believes,  successfully, 
whereby  the  owner  of  a  house  gives  the  vahiation  of  his  property, 
and  this  is  used  by  the  Government  for  jjurposes  of  taxation  and 
fire  insurance. 

Charles  S.  Churchill.  M.  Am.  Soc.  C.  E. — In  the  speaker's  Mr. 
opinion,  Mr.  Wilgus  .should  be  thanked  for  having  brought  out  his  ^^^ 
points  in  a  very  clear  form,  these  points  being  recognized  as  generally 
correct.  Within  a  few  weeks  after  the  issuance  of  the  paper  the 
Government  officials  made  some  verj'  important  statements :  First, 
that  the  valuation  of  properties  of  common  carriers  in  compliance 
with  the  x\ct,  Section  19-a,  is  an  original  proposition;  second,  that 
it  is  a  continuing  one;  and,  third,  that  the  physical  elements  must 
be  compiled  or  estimated  in  accordance  with  the  Interstate  Commerce 
Rules  of  Accounts,  as  stated  in  the  Act. 

Under  the  first  statement,  that  the  valuation  of  properties  is  an 
original  proposition,  it  appears  probable  that  no  value  which  has 
heretofore  been  made  will  fully  meet  the  requirements  of  the  Act. 
Under  the  second  statement,  that  the  requirement  is  a  continuing 
one,  it  becomes  extremely  important  that  accurate  records  shall  be 
kept  of  the  cost  of  all  work,  in  accordance  with  the  Interstate  Com- 
merce accounts.  This  statement  also  has  led  to  plans  being  formu- 
lated "by  Government  officials  for  preparing  their  files  to  cover  100 
years.  The  third  statement,  that  all  records  and  estimates  shall 
accord  with  the  Interstate  Commerce  accounts,  is  one  of  the  most 
important  features  of  the  whole  Act,  because  this  simple  requirement 
answers  many  of  the  points  raised  in  the  written  discussions  on  this 
subject,  especially  for  the  reason  that  the  Interstate  Commerce  ac- 
counts are  quite  clear.  Therefore,  it  is  thought  very  important  that 
the  law  should  be  studied  very  carefully,  as  it  is  a  good  one  in  many 
respects. 
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Mr.  ^fany    progressive    railroad    properties    double    themselves    wichiu 

'"'*'  *  ■  20  years;  therefore,  suppose  one  makes  a  valuation  now,  20  years 
hence  very  little  trace  of  the  items  reviewed  at  this  date  will  be  found, 
because  the  properties  are  changing  and  building  up  constantly. 

The  question  has  been  asked,  "What  has  the  public  gained  in 
existing  railroad  properties"?  Recently,  some  recoi-ds  of  railroad  con- 
struction between  1850  and  1856  have  been  found,  which  show  that  a 
railroad  was  being  built  across  one  of  the  Colonial  States,  and  that 
within  6  years — before  it  was  entirely  completed — the  actual  returns  in 
taxable  values  were  doubled  in  each  of  the  counties  through  which  the 
railroad  passed.  This  old  record  shows  where  both  the  individual 
land  owner,  and  also  the  communities,  counties,  and  State  have  gained 
from  the  fact  that  certain  individuals  combined  in  constructing  railroad 
properties.  This  is  one  kind  of  return  out  of  many  others  which 
have  come  to  every  community  and  State  in  which  railroads  exist. 

Attention  is  called  to  the  point  in  the  law,  that  the  valuation  asked 
for  is  not  confined  altogether  to  physical  features;  also,  that  the  law 
specifically  calls  for  the  cost  of  the  property  to  date;  in  other  words, 
that  the  investment  in  a  property  must  be  determined  as  closely  as 
practicable,  as  being  an  important  element.  If,  therefore,  a  railroad 
has  built  a  property  within  recent  years,  or  has  bought  one  at  an 
earlier  date,  and  has  made  considerable  additions  thereto  since  the 
date  of  acquirement,  the  original  cost  plus  the  additions  must  be 
determined.  In  most  instances  records  of  expenditures  have  been 
carefully  kept,  and  usually  there  are  three  parties  to  these  records, 
namely,  the  railway  company,  the  contractor,  and  the  engineer.  The 
amounts  paid,  therefore,  show  on  their  face  the  true  cost  of  the  work 
when  built. 

Finally,  attention  is  called  to  the  recent  decision  of  the  Supreme 
Court  in  the  Minnesota  Rate  Case,  wherein  a  favorable  decision  was 
given  in  one  case,  and,  in  that  case,  the  original  investment  was 
protected. 

In  conclusion,  it  seems  important  to  draw  attention  to  the  greater 
likelihood  of  overlooking  items  of  cost  after  the  structure  or  railroad 
has  been  completed  than  in  making  proper  allowance  for  contingencies 
before  the  work  is  undertaken;  and  that  these  items  of  cost,  which 
are  so  likely  to  be  overlooked  in  works  already  completed,  should  be 
searched  for  in  great  detail,  so  that  the  application  of  percentages  to 
cover  past  contingencies  may  be  avoided  as  far  as  possible. 

Mr.  R.  D.  Coombs,  M.  Am.  Soc.  C.  E.   (by  letter). — It  would  appear 

■  to  be  necessary  to  have  a  more  general  acceptance  of  what  is  meant 

by  "cost"   and   "value":      Whether  the   "cost"    of   construction   is   its 

actual    cost,   what   it   should   have   cost   under   actual   conditions    and 

average  good  management,  or  what  it  should  have  cost  under  average 
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conditions  and  average  g'ood  management;  and  whether  the  vahie  new      Mr. 
corresponds  with  any  or  none  of  these. 

Assuming  that  the  railroad's  actual  expenditures  could  be 
determined,  they  would  in  fact  represent  the  cost,  whether  that  cost 
was  unusually  low.  (ir  unusually  high,  unless  it  is  accepted  that  deduc- 
tions should  be  made  for  bad  luck,  ignorance,  or  dishonesty. 

If  it  is  a  fact  that,  owing  to  working  conditions,  weather,  acci- 
dents, high  wages,  and  relatively  expensive  material,  a  certain  work 
cost  the  railroad  an  amount  greatly  in  excess  of  its  probable  cost 
under  average  conditions  and  efficient  management,  should  the  actual 
cost  be  accepted  as  its  valvie  new  ? 

If  the  necessity  of  maintaining  service  compels  expensive  construc- 
tion, should  the  excess  cost  over  that  of  average  conditions  remain 
a  part  of  the  cost  of  the  work,  and  would  that  cost  be  accepted  as 
the  value  new? 

If  the  improved  methods  of  construction  now  available  would 
decrease  the  cost  of  new  work  below  the  amount  actually  expended, 
should  such  methods  be  used  in  estimating  the  value  new  ? 

If  the  original  contour  and  the  topographical  conditions  along  the 
line  are  assumed  to  be  restored  in  the  cost  of  reproduction  new,  a  fair 
estimate,  in  some  cases  at  least,  would  require  us  to  assume  the  sur- 
rounding country  restored  and  to  make  some  allowance  for  working 
under  such  conditions. 

Until  those  discussing  this  matter  agree  on  the  foregoing  points, 
there  will  naturally  be  no  agreement  on  further  extensions  of  the 
subject. 

That  the  actual  cost  would  be  difficult  to  determine  does  not  appeal 
to  the  writer  as  a  logical  reason  for  discarding  it  altogether.  In  many 
cases  the  cost  of  reproduction  new  might  be  used  as  a  "side  light" 
on  the  actual  cost. 

It  must  be  admitted,  however,  that  the  actual  book  records  are 
not  absolute  cost  records.  In  fact,  the  writer  does  not  believe  that 
the  accounts  of  any  railroad,  and  of  but  few  contractors,  would  show 
the  complete  expenditures  for  a  given  construction, 

Eeferring  to  the  acceptance  of  one  basic  principle  or  another,  and 
to  the  deduction  or  inclusion  of  depreciation,  depending  on  the  pur- 
pose of  the  valuation,  it  would  appear: 

Firsf. — Tliat  if  the  directors  have  set  aside  a  depreciation  fund, 
that  fund  plus  the  physical  property  represents  accurately 
the  full  physical  value  of  the  property,  and  may  be  properly 
iised  as  the  physical  value  for  any  purpose. 

Second. — If  such  a  fund  has  not  been  established,  the  physical 
value  is  represented  by  the  actual  physical  property,  and  is 
less  than  100%  of  its  book  value. 


Ingersoll 
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Third. — As  the  present  stockholders  are  not  necessarily  the  orig- 
inal stockholders,  some  of  them,  under  the  last  assumption, 
are  innocent  purchasers  of  stock  which  does  not  represent 
full  value,  in  so  far  as  the  physical  property  is  concerned. 

Fourth. — The  physical  valuation  of  a  railroad  is  its  valuation 
as  a  railroad  in  its  present  location,  and,  from  an  engineering 
standpoint,  the  value  should  be  the  same  either  for  sale,  taxa- 
tion, or  rate-making. 

Fifth. — If  taxes  are  too  high  or  too  low,  change  the  percentage ; 
if  freight  rates  are  too  high  or  too  low,  change  the  rates. 

Mr.  _  Colin  M.  Ingersoll,  M.  Am.  Soc.  C.  E.  (by  letter). — To  railroad 
engineers  who  have  advanced  in  their  profession,  and  have  been 
through  the  construction  period  from  beginning  to  end,  this  paper 
will  most  certainly  appeal,  for  it  describes  in  detail  the  very  steps 
taken  in  building  a  railroad. 

As  yet,  the  physical  valuation  of  railroads  is  in  its  infancy,  and 
no  definite  method  has  been  determined  for  making  such  valuation; 
but  Mr.  Wilgus  has  done  a  great  service  to  the  Profession  in  pub- 
lishing his  paper,  and  this  will  be  proven  when  the  final  method  of 
valuation  is  determined  by  the  Government. 

The  method  to  be  used  in  arriving  at  the  valuation  depends  some- 
what on  what  use  is  to  be  made  of  it.  If  it  is  for  a  quick  transfer  by 
sale,  it  would  seem  that  the  property  should  be  turned  over  on  a  repro- 
duction value,  less  depreciation ;  but  if  the  property  is  kept  up  in  a 
substantial  manner,  it  would  seem  to  the  writer  that  the  cost  of  re- 
production new  is  the  method  which  comes  nearest  of  any  that  has 
yet  been  advanced  to  putting  all  roads  on  the  same  footing.  The 
original-cost-to-date  method  of  valuing  would  not  seem  to  the  writer 
to  be  fair  for  all,  for  until  very  recently  the  railroad  companies 
were  rather  slack  in  keeping  accurate  costs  of  work.  Take  a  railroad 
built  in  the  Sixties  or  Seventies,  the  books  of  which  have  been  kept 
u])  (and  the  writer  doubts  if  there  are  very  many  such  roads) ;  the 
books  would  show  the  money  that  had  been  put  into  the  railroad,  but 
without  any  allowance  for  the  enhanced  value  of  the  property.  Per- 
haps the  road  adjoining  has  kept  no  books,  and,  consequently,  in 
order  to  arrive  at  the  present  value,  some  method  of  reproductive 
value  must  be  used. 

In  the  first  instance  one  cannot,  by  any  arbitrary  rule,  arrive  at 
the  present-day  values  unless  one  gets  at  the  cost  of  reproduction; 
and  if  this  is  done,  the  original  cost  is  of  use  as  a  side  light.  Then, 
again,  rarely  in  "original  costs"  are  the  whole  costs  shown.  In  con- 
struction work  contractors  have  often  received  extra  compensation, 
either  by  agreement  or  through  legal  process,  which  does  not  appear 


Ingersoll. 
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in  the  book  cost  of  the  work.  T^ook  costs  show  the  cost  of  the  property,  ^  Mr. 
but  rarely  include  all  the  costs,  such  as  engineering,  legal  fees, 
commissioners'  fees,  interest  on  money  during  construction,  and  oper- 
ating losses,  which  really  are  a  part  of  the  cost  of  the  property.  In 
many  instances  land  has  been  given  and  contributions  have  been 
made,  for  establishing  stations,  side-tracks,  etc.,  in  order  to  induce 
the  company  to  build.  It  would  seem  to  the  writer  as  if  they  were 
just  as  much  a  part  of  the  road  that  should  be  allowed  to  earn  interest 
as  that  which  was  paid  for.  It  is  taxed,  and  can  be  sold  and  credited 
to  the  company.  In  many  instances  the  purchase  price  of  land  is 
more  than  the  value  of  the  adjoining  land,  and  rightly  so.  Those 
who  have  had  to  do  with  the  purchasing  of  right  of  way  know  that 
one  cannot  go  diagonally  through  a  piece  of  farm  land,  say  5  acres, 
take  out  2  acres,  and  leave  the  remainder  of  the  same  value  per  acre. 
For  that  very  reason  an  extra  price  has  to  be  paid,  whether  it  is 
called  an  increment,  damages,  or  an  inducement  to  sell.  It  is  there, 
and  is  a  part  of  the  cost  of  the  property. 

If  for  any  reason  the  records  of  the  purchase  of  this  piece  were 
destroyed,  it  would  not  seem  to  be  fair  that  it  should  be  valued  on 
the  basis  of  the  value  of  the  adjoining  property.  It  is  true  that  rail- 
roads can  condemn,  but,  with  small  pieces  of  land,  it  is  generally  cheaper 
to  purchase  at  a  higher  price  than  to  go  through  condemnation  pro- 
ceedings, pay  for  commissions,  lawyers,  engineers,  and  witnesses, 
which,  if  the  property  is  not  expensive,  amounts  to  a  big  percentage 
of  the  cost.  Take  the  same  case  of  5  acres  of  land,  at,  say,  $10  per 
acre.  The  owner  for  some  reason,  often  for  gain,  refuses  to  sell.  Has 
it  been  the  experience  of  any  one  who  has  purchased  land  for  right 
of  way  that  the  railroad  company  can  get  the  2  acres  of  land  needed 
for  $20  by  condemnation?  No;  the  lawyer,  the  commission,  the 
witnesses,  the  engineering,  etc.,  would  cost  more  than  twice  that 
amount,  and  some  method  must  be  found  to  include  these  legitimate 
expenses  in  the  value  of  the  land.  Otherwise,  the  railroads  will  have 
to  put  in  capital  on  which  no  return  in  the  way  of  dividends  can  be 
paid.     This  certainly  would  not  seem  to  be  fair  to  the  investor. 

The  writer  believes  that  it  is  proper  to  charge  property  with  its 
share  of  the  engineering  and  legal  expenses,  and  contingencies,  for  the 
very  good  reasons  set  forth  by  Mr.  Wilgus. 

For  rate-making  purposes  it  is  not  believed  that  depreciation  should 
be  deducted  from  cost  of  reproduction.  Depreciation  is  an  element  of 
operating  costs  and  an  obligation  of  the  stockholders. 

If  a  railroad  has  been  allowed  to  run  down  while  dividends  have 
been  paid,  then  the  stockholders  should  forego  dividends,  and  the 
earnings  should  be  put  into  the  property  until  it  is  brou'^ht  up  to 
standard. 


Waitt 
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Mr.  Aktih;r   M.    W.\itt,    Esq.    (by   letter). — The   writer   has    read    this 

able  paper  with  great  interest,  as  it  is  based  on  large  practical  experi- 
ence, and  deals  in  a  broad  and  comprehensive  manner  with  a  sub- 
ject which  is  of  vital  importance  both  to  the  railroads  and  the  gen- 
eral public. 

Probably  few,  if  any,  men  have  given  deeper  or  more  conscientious 
thought  to  the  subject,  or  have  had  such  an  extensive  practical 
experience  to  enable  them  to  deal  with  the  matter  as  fairly  and  com- 
prehensively, as  Mr.  Wilgus. 

It  is  the  writer's  firm  conviction  that  in  determining  the  phys- 
ical value  of  railroad  properties  for  purposes  of  ra.te-making,  in 
justice  and  equity,  only  one  basis  can  be  used,  namely,  that  which 
considers  the  actual  capital  required  to  reproduce  the  conditions  and 
facilities  found  necessary  by  the  railroads  to  produce  their  revenue, 
and  he  fully  agrees  with  Mr.  Wilgus  that  for  rate-making  purposes 
depreciation  should  not  be  deducted. 

An  intimate  relation  with  the  shop  equipment  and  rolling  stock 
of  both  American  and  European  railroads  for  a  long  period  has  caused 
the  writer  to  study  especially  the  treatment  of  these  imjiortant  ele- 
ments in  the  total  valuation  of  railroad  properties. 

Oftentimes,  in  his  practical  experience,  the  question  has  arisen 
as  to  whether  comparisons  of  the  values  of  equipment  and  rolling 
stock  taken  at  different  periods,  several  years  apart,  would  show  an 
appreciation  or  a  depreciation.  In  every  instance,  a  careful  analysis 
of  the  facts  and  figures,  ignoring  new  equipment  charged  to  the 
"improvement"  or  "capital"  accounts,  has  shown  no  net  appreciation 
in  values,  due  to  the  fact  that  new^  tools  and  rolling  stock  purchased 
to  replace  old  ones  were  invariably  heavier  and  more  vakiable  than 
the  worn  out  or  obsolete  equipment.  It  would  be  true  only  in  a  few 
exeejitional  cases  that,  in  valuations  made  5  years  apart,  there  would 
be  an  actual  depreciation  in  total  values  of  unincreased  equipment. 

If  i^hysical  depreciation  were  deducted  from  cost  to  re]iroduce  new, 
figures  would  be  obtained  which  would  not  fairly  represent  the  capital 
involved  to  provide  the  facilities  and  operating  conditions  on  the  rail- 
roads, for  which  adequate  rates  for  transportation  should  be  allowed. 

A  fair  valuation  of  equipment  or  rolling  stock,  or,  in  fact,  of  any 
of  the  elements  composing  the  railroad's  total  value,  cannot  be  made, 
except  by  a  reasonable  personal  examination  by  qualified  experts  in 
the  different  fields,  and  it  cannot  be  done  equitably  by  arbitrary  or 
set  rules  api)li('d  regardless  of  local  conditions. 

In  a  valuation  of  the  equipment  or  rolling  stock  of  a  railroad  to 
determine  its  purchasable  value  at  any  given  time,  different  prin- 
ciples would  apply,  and  in  such  cases  the  cost  of  reproduction  new, 
less  existing  depreciation,  would  be  the  correct  measure  of  value. 
In   a  valuation   for  this   purpose,  no   set   prices   and   rules,   applicable 
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to  all  cases,  can  be  estalilished;   the  prices  and   percentagres  must  be    Mr. 
established  after  an  examination  of  a  sufficient  portion  of  each  clas? 
of  equipment  to  enable  an  expert  to  determine  the  comparative  initial 
values  and  the  quality  or  standard  of  maintenance,   tliis  latter  to  be 
used  in  the  case  of  each  class  of  c(]uiiimont  or  rolling'  st(ick. 

It  would  be  manifestly  unfair  to  value  by  the  same  standards 
and  figures  the  property  of  two  railroads,  one  of  which  constantly 
purchases  new  locomotives,  cars,  machinery,  and  tools  of  the  highest 
grade,  having  all  the  best  features  for  obtaining  high  efficiency  in  ser- 
vice and  longevity  of  equipment,  and  on  which,  by  the  wise  expendi- 
ture of  money,  the  equipment  is  maintained  in  the  best  condition 
for  service,  while  the  other  road  purchases  cheap  equipment  and 
expends  as  little  as  possible  in  maintenance.  Situations  approach- 
ing each  of  these  cases  will  be  found,  and  the  writer  maintains  that 
they  can  only  be  handled  equitably  by  qualified  expert  judgment  after 
personal  inspection. 

Xo  more  important  facts  can  be  urged  for  consideration  and  cor- 
respondingly wise  action  than  those  which  are  made  prominent  in 
ifr.  Wilgus'  paper,  but  in  closing  the  writer  wishes  again  to  empha- 
size two  of  them  which,  to  his  mind,  are  the  most  important,  namely: 

1. — The  cost  of  reproduction  new  without  depreciation  should  be 
taken  as  the  only  fair  and  true  measvire  of  the  physical  variation  of 
railroads  for  purposes  of  rate  regulation. 

2. — Expert  skill  and  experience  must  be  enlisted  in  order  to  make 
a  proper  estimate  of  the  true  value  of  railroad  properties. 
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Arthur  E.  Morgan,  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Fuller's     Mr. 
paper  suggests   several   very  profitable  fields   of   inquiry,   and    is  sure  ^°'^^^°- 
to  stimulate  further  investigations  that  will  be  of  definite  value. 

One  of  the  fundamental  assumptions  is  that  weather  conditions 
throughout  the  United  States  are  not  subject  to  "permanent  changes." 
It  is  also  assumed  that  climatic  conditions  which  will  produce  maxi- 
mum storms  do  not  occur  over  the  country  as  a  whole  during  any  given 
year,  but  that  storm  conditions  are  more  or  less  local.  An  examina- 
lioii  of  the  monthly  and  yearly  precipitations  at  rainfall-recording  sta- 
tions in  all  parts  of  the  United  States  seems  to  indicate  the  general 
accuracy  of  this  assumption  for  the  last  100  years.  However,  certain 
notable  facts  stand  out  which  lead  one  to  question  its  accuracy  for  the 
interior  part  of  the  United  States. 

For  instance,  in  1844,  the  largest  fiood  ever  recorded  occurred  in 
the  Red  Kiver,  through  Texas  and  Arkansas,  this  river  having  a  drain- 
age area  of  about  50  000  sq.  miles.  During  the  same  year  the  greatest 
flood  on  record  occurred  in  the  Kaw  River,  at  Kansas  City,  where  the 
drainage  area  is  35  000  sq.  miles,  and  the  same  year  produced  the  great- 
est flood  in  a  century  and  a  quarter  on  the  Mississippi  River,  at  St. 
Louis,  and  the  greatest  floods  on  record  in  the  Missouri  and  Illinois 
Rivers.  The  areas  over  which  the  floods  of  1844  were  the  greatest  on 
record,  are  comparable  to  the  total  area  of  France  and  Germany. 
Again,  in  1903,  the  greatest  flood  since  1844  occurred  in  the  Kaw  River. 

*  This  discussion  (of  the  paper  by  Weston  E.  Fuller,  M.  Am.  Soc.  C.  E.,  published  in 
May.  1913,  Proceedings,  and  presented  at  the  meeting  of  October  15th,  191.3.  held  in  New 
Orleans,  La.),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 
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Mr.  at  Ivaii^sas  City,  in  the  Mississippi  Eiver,  at  St.  Louis,  and  in  numerous 
oigan.  Q^j^gj.  g^.f^ajj^g  throughout  the  Central  States.  As  far  north  as  central 
Minnesota,  the  heaviest  rainfall  ever  recorded  occurred  at  the  sanae 
time.  Also,  in  1903,  floods,  among  the  greatest  on  record  for  those 
streams,  occurred  on  the  Verde  River,  in  Arizona,  the  Colorado  River, 
the  Raritan  and  the  Delaware,  in  Nevr  Jersey,  Cape  Fear  River,  in 
North  Carolina,  the  Alabama  River,  in  Alabama,  the  Monongahela 
River,  and  on  various  other  streams,  from  South  Carolina  to  Oregon. 
Although  there  is  no  definite  evidence  that  periods  of  maximmn  floods 
will  occur  over  the  entire  country  at  the  same  time  at  long  intervals,  it 
appears  that  so  little  is  known  about  the  facts  of  the  case  that  this 
assumption  is  far  from  being  proven  for  long  periods  under  condi- 
tions existing  in  the  central  part  of  the  United  States.  It  is  possible 
that  certain  seasons  at  long  intervals  are  subject  to  unusual  storm 
disturbances  resulting  in  floods,  though  the  average  yearly  or  even 
monthly  rainfall  may  not  be  above  the  normal  for  the  country  as 
a  whole. 

Mr.  Fuller  assumes  that  the  relation  between  the  average  annual 
flood  and  the  maximum  possible  flood  is  the  same  for  largely  difterent 
sections  of  the  country,  and  the  same  for  the  United  States  as  for 
Eiirope.  He  draws  attention  to  the  fact  that  in  the  arid  regions  of  the 
United  States  rainfall  and  floods  are  very  erratic,  and  that,  though 
several  years  may  pass  without  a  flood,  very  large  floods  may  occur. 

Although  the  data  are  very  meager,  the  writer  believes  that  the 
climatic  conditions  which  cause  this  tendency  are  not  limited  to  the 
arid  regions,  but  extend  to  a  greater  or  less  degree  over  the  entire 
United  States  between  the  Appalachian  and  Rocky  Mountains,  which 
is  the  region  in  which  he  is  particularly  acquainted  with  flood  flows. 

For  instance,  careful  calculations  of  flow  on  the  Miami  River,  at 
Dayton.  Ohio,  have  recently  been  made.  A  gauging  station  has  been 
maintained  in  good  order  at  this  point  for  20  years.  The  average 
annual  flood  for  this  period  is  approximately  32  000  cu.  ft.  per  sec. 
from  an  area  of  about  2  500  sq.  miles.  According  to  the  formula  pro- 
posed by  Mr.  Fuller,  the  maximum  flood  for  a  century  should  be  about 
2.9  times  the  average  annual  flood,  or  about  85  000  cu.  ft.  per  sec. 
According  to  fairly  dependable  approximations,  this  flood  flow  has 
been  largely  exceeded  four  times  in  the  last  107  years.  According  to 
Mr.  Fuller's  formula,  the  maximum  possible  flood  in  1  000  years  would 
be  about  3.9  times  the  average  annual  flood,  whereas,  according  to 
very  careful  calculations  of  flow,  it  appears  that  the  flood  of  ]\Iarch. 
1913,  was  about  8  times  the  average  annual  flood.  It  may  be  that 
climatic  conditions  show  a  greater  range  of  variation  west  of  the 
Appalachian  Mountains  than  east  of  that  range,  or  in  Europe,  from 
which  most  of  the  long-time  records  referred  to  by  Mr.  Fuller  were 
secured. 
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Another  assumption  by  Mr.  Fuller  is  that  the  same  ratio  between      Mr. 
average  annual  floods  and  maximum  possible  floods  exists  for  streams,     °''^*°' 
regardless  of  the  size  of  the  drainage  area.     The  writer  believes  that 
general  experience  will  fail  to  uphold  this  assumption.     It  is  known 
that  small  drainage  areas  are  subject  to  very  extreme  precipitations, 
and  that  the  most  extreme  of  these  precipitations  are  always  local. 

For  instance,  there  is  the  case  of  the  flood  on  Devil's  Creek,  in  Iowa, 
which  occurred  in  1905.  Rough  estimates  of  this  flow  made  by  the 
IT.  S.  Geological  Survey*  indicate  that,  from  an  area  of  143  sq.  miles, 
the  run-oif  was  about  1  300  sec-ft.  per  sq.  mile.  From  rainfall  rec- 
ords at  the  surrounding  stations  it  appears  that  from  10  to  12  in.  fell 
on  the  water-shed,  the  greater  part  of  it  in  12  hours. 

Although  little  dependence  can  be  placed  on  such  estimates  of  run- 
ofiF  as  are  recorded  for  this  flood,  the  rain  which  fell  was  sufiicient  to 
produce  an  average  24-hour  run-off  of  probably  not  less  than  200  sec-ft, 
per  sq.  mile,  or  8  in.  from  the  entire  water-shed.  This  is  in  a.  region 
where  the  average  annual  rainfall  is  about  35  in.  and  where  the  annual 
average  maximum  rainfall  for  24  hours  will  not  exceed  about  2  in., 
the  heavier  storms  coming  during  the  summer  when  run-off  from 
small  rainfalls  is  light.  It  is  safe  to  assume  that  during  the  flood 
of  1905  the  maximum  24-hour  run-off  for  this  territory  was  not  less 
than  10  times  the  average  annual  flood.  This  extreme  case  is  given 
simply  to  illustrate  the  fact  that  the  range  of  flood  run-off  is  far 
greater  for  small  than  for  large  areas. 

Similarly,  during  the  flood  of  March,  1913,  in  the  Miami  Valley, 
certain  tributaries  with  drainage  areas  of  50  or  100  sq.  miles  indicate 
a  maximum  run-off  of  at  least  400  sec-ft.  per  sq.  mile,  which  is  probably 
at  least  ten  times  the  average  annual  flood.  On  large  water-sheds  of 
10  000  sq.  miles  or  more,  excessive  rainfall  in  one  part  of  the  water- 
shed is  usually  balanced  by  lack  of  rainfall  in  another  part,  and  the 
ratio  between  the  average  annual  flood  and  the  maximum  possible 
flood  must  be  less  than  for  small  areas. 

When  alluvial  streams  overflow,  sand  and  silt  are  deposited  along 
the  banks  up  to  within  2  or  3  ft.  of  the  surface  of  the  overflow.  Along 
the  lower  Mississippi  and  the  Red  Rivers,  in  Texas  and  Arkansas, 
and  the  Arkansas  River,  in  Arkansas,  there  is  no  evidence  of  such  silt 
and  sand  being  deposited  at  elevations  very  much  above  those  of  recent 
floods.  The  conclusion  is  that  during  recent  centuries  there  have  not 
been  floods  in  which  the  stage  of  water  was  very  much  above  that  of 
recent  ones.  The  only  points  at  which  such  comparisons  can  be  made 
safely  are  along  the  abandoned  loops  and  cut-offs  in  the  rivers,  where 
the  banks  have  not  caved  in.  On  the  contrary,  on  small  streams  evi- 
dence of  very  different  conditions  is  found.  It  is  fairly  common  ex- 
perience, along  streams  with  water-sheds  of  from  10  to  500  sq.  miles, 
•  Reported  in  Water  Supply  and  Irrigation  Paper  No.  162. 
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Mr.  especially  in  the  northern  and  mid-western  States,  to  find  deposits 
organ.  ^^  gj-^vel  very  evidently  placed  by  flood-water  at  elevations  very  much 
above  the  elevation  of  any  recorded  flood. 

The  inference  is  that  all  the  interior  part  of  the  United  States  is 
subject  to  very  rare  local  floods  of  very  great  intensity,  comparable, 
perhaps,  to  the  one  already  referred  to  on  Devil's  Creek,  and  that  the 
run-off  of  such  maximum  possible  floods  may  be  ten  times  as  great 
as  the  average  annual  flood,  instead  of  three  or  four  times  as  great, 
as  indicated  by  Mr.  Fuller's  formula.  The  suggestion  is  that,  in  deter- 
mining the  relation  between  average  annual  floods  and  the  maximum 
possible  flood,  the  extent  of  the  drainage  area  is  an  important  factor. 

The  data  do  not  indicate  the  extent  to  which  flood  records  have 
been  examined,  in  the  preparation  of  the  paper,  but  the  flood  flows 
on  foreign  streams  outlined  in  Table  30  would  not,  it  seems,  furnish 
a  reasonable  basis  for  the  acceptance  of  such  a  formula  as  suggested. 
For  instance,  of  the  floods  for  which  the  date  is  given,  more  than  one- 
third  occurred  in  1887  and  more  than  one-half  of  them  in  a  period  of 
7  years. 

This  paper  is  valuable  in  that  it  suggests  pointedly  that  there 
is  a  definite  relation  between  the  average  annual  flood  on  any  stream 
and  the  maximum  possible  flood  for  that  stream,  and  in  suggesting 
that,  to  a  certain  extent,  short-time  records  for  many  streams  will 
serve  the  same  purpose  as  long-time  records  for  a  single  stream. 

When  one  considers  the  number  of  assumptions  which  must  be 
made  in  the  use  of  the  formula  for  determining  the  maximum  possible 
flood,  it  would  seem  that  in  some  cases  it  might  be  better  to  estimate  the 
maximum  possible  flood  by  what  might  be  called  the  rational  method, 
that  is,  by  determining  from  the  basis  of  experience  and  the  maximum 
rainfall  to  be  expected,  the  relation  of  rainfall  to  run-oft'  under  the 
conditions  which  would  exist  in  an  assumed  case,  considering  the  ele- 
ments of  topography,  shape  of  the  drainage  basin,  direction  of  storms, 
season  of  the  year,  etc. 

There  is  just  one  other  point  that  should  be  mentioned.  Mr.  Fuller 
states  very  clearly  that  there  are  two  kinds  of  variables  to  be  met  in 
flood  flow:  one  class  varies  with  different  rivers,  and  includes  topog- 
raphy, soil  conditions,  etc.;  the  other  class  of  variables,  including  possi- 
bilities of  rainfall,  weather,  temperature,  etc.,  may  be  alike  for  many 
streams,  but  vary  as  to  time.  A  statement  has  been  made  by  the 
author,  which  does  not  appear  in  the  paper;  this  indicates  to  the  writer 
the  value  of  his  work,  but  also  possibly,  the  danger  of  feeling  too  secure 
by  an  improper  placing  of  the  burden  of  those  two  elements.  For  in- 
stance, if  we  use  his  formula,  we  must  assume  a  value  for  C,  that 
is,  a  value  representing  the  variable  conditions  with  regard  to  water- 
sheds, etc.  If  C  is  made  to  fit  the  case,  the  formula  can  be  made  to 
fit  any  particular  river,  or  flood,  but  unless  we  kiiow  how  that  factor. 
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C,  was  determined,  we  do  not  know  whether  the  formula  fits  any  par-  Mr. 
ticular  case  accidentally,  or  whether  G  has  been  detennined  properly. 
Mr.  Fuller  has  mentioned  one  particular  river  in  which  he  assumed 
the  coefficient,  C,  to  be  100,  that  is  the  Miami  above  Dayton,  Ohio. 
The  difference  in  elevation  there  between  the  top  of  the  water-shed 
and  the  river  valley  is  seldom  more  than  200  ft.,  as  compared  with 
mountain  streams  where  the  variation  may  be  1  000  ft. ;  and  the  soil 
formation  is  variable,  being  gravelly  in  some  cases.  At  the  time  of 
examining  this  paper,  the  writer  discussed  it  with  other  engineers 
in  his  office  and  came  to  the  conclusion  that  one  could  not  assume 
for  that  valley  any  higher  factor  for  C  than  50.  The  point  is,  that 
in  plotting  various  storms,  unless  the  engineer  is  thoroughly 
familiar  with  the  variable  factor,  C,  on  one  water-shed,  as  com- 
pared with  the  value  of  that  factor  on  other  water-sheds,  he  does  not 
know  the  extent  to  which  the  intensity  of  flood  flow  is  determined 
by  the  variable,  C ,  which  is  constant  for  that  water-shed,  and  to  what 
extent  it  is  determined  by  the  time  variable,  including  rainfall,  season, 
temperature,  etc. 

H.  V.  Hinckley,  M.  Am.  Soc.  C.  E.  (by  letter). — In  addressing  the      Mr. 
Oklahoma  Engineering  Society,  on  December  27th,  1911,  the  writer  said:  Hinckley 

"Some  of  us  are  perhaps  not  aware  that  a  20  or  30-year  record  of 
high  water,  minimum  or  maximum  flow,  or  rainfall,  may  often  be  of 
comparatively  little  value.  It  seems  to  be  a  fairly  well  established 
rule  that  it  takes  fully  50  years  to  complete  an  engineering  meteoro- 
logical cycle.  This  was  illustrated,  for  example,  at  Topeka,  Kans. 
When  the  Melan  Bridge  was  built  over  the  Kansas  River  in  1897, 
the  City  Engineer's  records  for  25  years  showed  a  maximum  rise  of 
15  ft.  from  L.  W.  to  H.  W.,  and  the  oldest  inhabitant,  who  claimed 
that  he  had  seen  the  river  go  clear  out  of  its  banks  and  flood  the  entire 
valley  prior  to  1850,  was  deemed  to  be  in  his  dotage  and  untrustworthy. 
In  1903,  however,  the  recorded  variation  of  15  ft.  between  low  and  high 
water  was  changed  to  28  ft.;  asphalt  pavements  were  6  ft.  under  water; 
the  oldest  inhabitant  was  vindicated,  and  the  river  proved  what  every 
one  should  have  known— that  the  high-water  mark,  in  an  alluvial 
valley  which  has  been  built  up  by  sediment  dropped  by  the  floods,  is 
necessarily  higher  than  the  ground  surface  of  the  valley — regardless 
of  the  records  of  the  City  Engineer's  office." 

While  these  remarks  bear  out,  in  a  general  way,  the  author's  con- 
clusions, the  writer  acknowledges  that  his  50-year  "meteorological 
cycle"  is  subject  to  amendment. 

Tables  1  and  2  give,  at  a  glance,  an  idea  of  what  may  be  reasonably 
expected,  and,  from  this  time  forward,  the  Profession  will  be  able  to 
act  more  intelligently  in  the  design  of  waterways  and  storage  reser- 
voirs. The  writer  has  been  collecting  data  in  regard  to  maximum 
rainfall  for  30  years,  and  the  two  subjects  together  are  an  interesting 
study. 
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Mr.  There  are  plenty  of  bridges  and  spillways  which  may  stand  up  under 

DC   ey.  -j^  g^  times  the  annual  flood,  but  will  go  out  when  3.40  times  the  annual 

flood  comes. 

The  author  has  given  us  a  valuable  paper  which  has  propounded 

to  every  hydraulic  engineer  the  question :    "For  how  many  years  will 

your  works  stand?" 

Mr.  E.  F.  Chandler,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  newly 

^''  deduced    record    of   the    Red    River    of   the    North,    at    Grand    Forks, 

N.  Dak.,   furnishes   an  interesting   illustration   of  the  principles   conr 

cerning  flood  flows  enunciated  so  clearly  by  Mr.  Fuller,  and  also  shows 

the  modifications  which  may  result  from  local  conditions. 

For  12  years  the  U.  S.  Geological  Survey  has  maintained  records 
of  this  stream;  in  addition  to  these,  the  writer  obtained  copies  of  an 
accurate  gauge-height  record  which  had  been  maintained  for  19  years 
previous,  and  of  a  few  discharge  measurements  made  in  those  early 
years.  From  these  data,  he  was  able  to  develop  a  fairly  good,  complete 
record  of  the  discharge  for  the  long  period  of  31  years,  1882  to  1912. 
Only  nine  of  the  records  included  in  Mr.  Fuller's  paper  cover  so  long 
a  period. 

For  comparison,  the  records  of  the  two  principal  tributary  inflow- 
ing streams,  the  Red  River,  at  Fargo,  N.  Dak.,  and  the  Red  Lake 
River,  at  Crookston,  Minn,  (which  have  been  observed  for  11  and  10 
years,  respectively),  may  be  considered  at  the  same  time.  The  com- 
plete records  to  date  for  these  stations  are  shown  in  Table  31,  and 
might  be  included  in  Table  18. 

TABLE   31.— Values   for    Coefficient,    C, 
IN  Formula  Q  =  CA'^-^  (1  +  O.S  log.  T). 


Station. 

(2) 

Area, 

A. 

(3) 

Q 

(Ave.). 

(4) 

Larger 
flood, 

(s) 

Period, 

J  ears, 

T. 

(6) 

Values  op  C. 

stream. 

(I) 

From 
larger 

(7) 

From 

Q 
(Ave.). 

(8) 

Red 

Red 

Grand  Forks,  N.  Dak. . 

25  000 

6  020 
5  320 

17  440 

2  809 
7  473 

42  400 
40  800 
37  500 
33  400 
32  920 

6  090 

5  800 
4  250 

14  200 
13  600 
10  300 

31 

11 
10 

5.8 
6.5 
6.7 
6.8 
7.0 

3.1 
3.5 
3.5 

8.3 
9.3 
9.3 

5.3 
2.6 

Red  Lake. 

Crookston,  Minn 

7.8 
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The  largest  floods  did  not  occur  in  the  same  years  at  these  stations,       Mr. 
notwithstanding  the  fact  that  the  latter  two  are  tributary  to  the  first; 
therefore,  all  three  records  may  be  considered. 

In  each  case,  the  largest  flood  was  less  than  that  which  would  be 
given  by  the  logarithmic  formula,  on  the  basis  of  the  median  floods. 
It  seems  that  this  might  reasonably  have  been  expected  from  the 
topographic  characteristics  of  the  Red  River  Valley,  the  river  and 
all  its  main  tributaries  flowing  through  remarkably  level  prairies, 
usually  in  channels  only  a  few  hundred  feet  wide  and  from  10  to  40  ft. 
below  the  prairie  level.  On  each  side  the  prairie  is  almost  as  smooth 
as  a  floor,  and  the  rise  away  from  the  river  bank  is  only  a  few  feet 
per  mile.  'The  capacity  of  the  channel  is  suflicient  to  carry  ordinary 
floods,  but  the  largest  floods,  which  occur  only  once  or  twice  in  a  dec- 
ade, overflow  the  prairie  in  shallow  sheets;  thus  the  regimen  of  the 
stream  is  changed  essentially  during  the  extremes  of  such  floods,  the 
rate  of  flow  much  retarded,  the  time  of  high  stage  increased,  and  the 
extreme  maximum  correspondingly  diminished. 

Another  peculiarity  which  appears  in  the  tables  for  this  region, 
and  perhaps  might  have  been  predicted  from  the  topographic  and 
meteorologic  conditions,  is  the  smaller  value  obtained  for  C  in  Col- 
umn 8  (from  the  flood  average  of  all  years)  than  in  Column  7  (from 
the  largest  floods).  The  Red  River  Valley  is  near  the  "semi-arid" 
region,  and  the  river  separates  a  prairie  State  from  one  largely  forested. 
At  one  margin  of  the  drainage  area,  the  mean  annual  rainfall  is  about 
16  in.,  at  the  other  margin  24  in. ;  the  long-period  mean  annual  run- 
off is  about  1  in.  at  one  side  and  4  in.  at  the  other.  Therefore,  in 
a  region  where  evaporation  consumes  almost  the  whole  of  the  precipi- 
tation, and  the  run-off  is  so  small  a  remainder,  after  any  season  of 
deficient  rainfall,  the  run-off  becomes  much  less  even  than  the  normal, 
and  then  remains  comparatively  steady  until  the  grovmd  storage  is 
replenished  by  surplus  rainfall,  and  at  such  times  it  is  little  affected 
by  ordinary  rainstorms.  Thus,  though  the  greatest  recorded  flow  at 
each  of  these  stations  is  ten  or  twelve  times  the  long-period  mean  run- 
off, there  are  many  years  when  there  is  no  noticeable  flood,  and  three 
or  four  years  out  of  every  ten  when  the  largest  flood  of  the  year  is 
less  than  three  times  the  mean  discharge.  As  a  result,  Q  (Ave.),  the 
average  of  the  annual  floods,  gives  a.  smaller  coeflicient  than  that 
obtained  from  the  larger  floods  individually. 

It  is  probably  the  same  cause,  namely,  the  small  maximum  dis- 
charge of  some  years,  which  gives  rise  to  a  different  logarithmic  factor 
(in  a  formula  deduced  only  from  the  streams  of  this  region)  than  that 
deduced  by  Mr.  Fuller  from  the  average  of  streams  scattered  through 
the  whole  country.  Instead  of  the  factor,  0.80  log.  T,  in  the  formula, 
g  =  C  ylO-8  (1  +  0.80  log.  T),  the  largest  flood  at  each  of  these  three 
stations  would  give  0.9.5  log.  T,  1.12  log.  T,  and  0.90  log.  T.     In  this 
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Mr.       region,   as   mentioned  previously,   the  greatest  floods   do   not  seem  to 

^'^'  be  a.s  great   in  comparison  with  those  of  secondary'  magnitude   as   is 

normal  in  other  regions ;  if.  therefore,  we  omit  a  few  of  the  largest  from 

consideration,  the  following  floods  would  give  factors  from  1.10  log.  T 

to  1.30  log.  T. 

Mr.  Fuller  states  that  the  rivers  of  the  Hudson  Bay  drainage  varied 
so  widely  among  themselves  that  no  logarithmic  plottings  of  them 
were  published.  The  Red  River  Valley  portion  of  the  basin,  however, 
including  these  three  records  and  numerous  other  shorter  or  less  accu- 
rate records,  shows  fair  uniformity.  As  Mr.  Fuller  explains,  in  some 
cases  local  conditions  may  be  expected  to  modify  the  application  of 
the  formula  or  to  change  it  to  some  extent,  and  such  seems  to  be  the 
case  here.  The  importance  of  this  case  would  not  be  great  enovigh  to 
justify  this  addition  to  the  discussion,  were  it  not  for  the  length  of 
the  record — 31  years.  We  see  illustrated  how  iiseless  or  erroneous  it 
would  be  ,to  attempt  to  deduce  figures  concerning  the  flow  of  an  un- 
known stream  where  no  actual  measurements  had  been  made  in  the 
region ;  but,  on  the  other  hand,  by  using  the  records  as  a  basis  for  small 
necessary  modifications,  the  principles  enunciated  by  Mr.  Fuller  seem, 
in  general,  to  apply  in  this  region  also,  and  to  furnish  excellent  start- 
ing points  for  more  detailed  studies. 
Mr.  Allen  Hazen,  M.  Am.  Soc.  C.  E.  (by  letter). — This  i.s  a  most  im- 

Hazen  v    «/  / 

'  portant  paper,  because,  as  far  as  the  writer  knows,  it  is  the  first  at- 
tempt to  apply  the  principles  of  probabilities  to  the  flood  problem. 

The  writer  has  followed  the  author's  work  in  detail,  and  believes 
that  his  methods  are  sound.  As  time  goes  on,  data  covering  longer 
periods  and  more  streams  may  change  some  of  the  numerical  values; 
but  the  vmderlying  idea  of  treating  the  recurrence  of  floods  as  a  mat- 
ter of  probabilities,  to  be  determined  by  an  examination  of  the  records 
of  many   streams,   will   stand. 

Wlien  the  writer  first  took  up  the  study  of  this  problem,  several 
years  ago,  he  believed  that  it  would  be  safer  to  use  as  a  basis  the  records 
of  a  few  streams  which  covered  long  periods,  where  knowledge  of 
flood  flows  had  been  obtained  from  records  of  the  height  of  water 
over  the  crests  of  siibstantial  dams  above  the  influence  of  back-water, 
and  where  there  could  be  no  question  as  to  the  accuracy  of  the  results. 
On  the  basis  of  a  limited  quantity  of  selected  data,  tentative  values 
were  reached.  The  author  afterward  extended  the  investigation  to 
include  short-term  records  of  many  more  streams ;  but  the  numerical 
values  resulting  from  this  broader  study  were  fully  in  accord  with 
those  first  obtained  by  the  writer  from  the  small  quantity  of  selected 
data. 

Taking  into  account  the  many  elements  of  error  which  exist  or 
can  be  imagined  to  exist  in  stream  gaugings,  and  especially  the  fact 
that  estimates   for  extreme   floods   in   many   or  most   cases    are  based 
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on  extrapolations  from  rating-  curves,  often  at  some  distance  above  Mr. 
the  highest  stage  for  which  gaugings  have  actually  been  made,  the 
writer  would  feel  disposed,  in  case  they  differed,  to  attach  quite  as 
much  importance  to  the  results  obtained  from  his  first  study.  As  the 
more  extended  studies  presented  by  the  author  are  entirely  in  accord 
with  the  writer's  earlier  ones,  this  question  does  not  require  discussion, 
and  the  writer  feels  confidence  in  the  general  accuracy  of  the  results. 

In  another  paper  to  be  presented  to  the  Society,  the  writer  has 
•described  a  graphical  method  of  representing  data  of  the  same  general 
-character  as  those  used  by  the  author,  based  on  the  probability  curve, 
or,  as  it  is  otherwise  called,  the  normal  law  of  error.  A  new  kind 
of  cross-section  paper  is  made,  in  which  the  spacing  of  the  lines  in 
one  direction  is  computed  from  tables  of  the  probability  curve,  so  that 
figures  representing  the  summation  of  that  curve  plotted  on  it  fall  in 
a  straight  line. 

From  a  study  of  the  author's  data  it  is  clear  that  the  relation  be- 
tween flood  flows  and  the  normal  law  of  error  is  such  that  this  proba- 
bility paper  could  have  been  used  for  his  study,  had  it  been  available. 
Its  use  might  have  facilitated  some  of  the  work,  but  there  is  no  reason 
to  think  that  it  would  have  changed  to  a  significant  extent  any  of  his 
conclusions.  In  fact,  the  paper  the  author  has  used  for  his  study 
corresponds  so  closely  with  that  part  of  the  probability  paper  in  which 
most  of  his  data  would  fall,  that  the  differences  would  not  have  been 
important  in  the  graphical  method. 

The  figures  for  maximum  flood  flows  of  the  same  stream  through 
a.  series  of  years  clearly  bear  a  relation  to  the  normal  law  of  error, 
but  they  do  not  follow  it  exactly.  When  plotted  on  probability  paper 
they  form  what  is  called  a  skew  curve.  The  variations  downward  are 
more  numerous  than  the  variations  upward,  but  are  smaller  in  mag- 
nitude. 

It  is  interesting  to  note  that  if  the  logarithms  of  the  numbers 
representing  the  several  floods  are  used  instead  of  the  numbers  them- 
selves, the  agreement  with  the  normal  law  of  error  is  closer.  In  other 
words,  the  variations  up  and  down  from  the  mean  follow  a  geometric 
rather  than  an  arithmetical  ratio. 

If  the  records  of  the  floods  of  a  number  of  streams  were  available 
for  very  long  terms,  it  would  be  possible  to  find  a  "standard  variation'' 
and  a  "coefficient  of  variation"  from  the  records  of  each  stream,  which 
would  be  an  index  of  the  degree  of  variability  to  be  expected  in  its 
floods,  and  indirectly  of  the  size  of  the  floods  to  be  anticipated.  There 
is  no  reason  to  suppose  that  the  coefficients  of  variation  in  flood  flows 
for  different  streams  would  be  the  same.  However,  short-term  data 
are  not  sufficient  to  determine  the  coefficient  of  variation  with  the 
requisite  degree  of  accuracy  to  make  this  comparison;  and  the  as- 
tsumption  tacitly  made  by  Mr.  Fuller,  that  the  coefficient  of  variation 
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Mr.     of  all  the  streams  in  one  geof?raphical  group  will  be  the  same,  may 

Hazen.  ^^  f^yj^^j  ^q  j.^^  nearly  in  accordance  with  the  facts.     At  any  rate,  the 

data  now  available  are  not  sufficient  to  justify  a  further  classification. 

The  constants  found  in  the  proposed  flood-flow  formula  deduced  for 
rivers  in  different  parts  of  the  United  States  throw  some  light  on 
this  point.  If  the  coefficients  of  variation  in  flood  flows  in  different 
parts  of  the  country  differed  considerably,  there  would  be  differences 
in  these  constants.  The  smallness  of  the  differences  found  by  the 
author  indicates  a  surprising  degree  of  uniformity  in  flood  conditions 
for  a  large  part  of  the  country,  and  this  uniformity  by  districts  may 
be  taken  as  an  indication  of  the  probable  absence  of  wide  variations 
among  different  streams  in  the  same  district. 

To  attempt  to  secure  actual  coefficients  from  the  data  at  hand,  and 
to  compare  with  one  another  streams  having  records  no  longer  than 
are  now  available,  is  like  attempting  to  find  the  probability  of  a 
house  burning  down  from  the  records  of  single  houses. 

In  the  practical  application  of  the  author's  formula,  the  value  of 
the  coefficient  to  be  multiplied  by  ^"'^  to  produce  the  average  annual 
flood,  is  a  matter  of  the  first  importance.  In  only  a.  limited  number 
of  cases  will  it  be  possible  to  base  such  estimates  on  actual  gaugings 
of  the  stream  for  which  estimate  is  to  be  made.  In  a  majority  of 
eases,  it  will  be  necessary  to  depend  on  the  records  of  other  streams 
more  or  less  similarly  situated. 

On  Fig.  7,  an  outline  map  of  the  United  States,  the  coefficients  for 
the  streams,  for  which  Mr.  Fuller  presents  data,  have  been  plotted. 
This  map  serves  conveniently  to  show  what  data  are  available  at 
this  time.  It  is  seen  that  there  are  large  parts  of  the  United  States 
which  are  not  covered  at  all.  and  others  which  are  covered  most  in- 
adequately. In  forming  judgment  as  to  the  probable  value  of  the 
coefficient  to  be  used  for  other  areas,  it  will  naturally  be  borne  in  mind 
that  the  coefficient  increases  with  the  rainfall,  with  the  elevation, 
especially  with  the  steepness  of  the  catchment  area,  and  with  the 
absence  of  natural  storage  conditions.  With  these  matters  in  mind, 
it  may  be  possible,  in  many  cases,  to  form  an  idea  as  to  the  coefficient 
to  be  expected,  sufficiently  close  to  be  useful,  even  from  the  existing 
limited  data.  With  a  continuation  of  the  present  gaugings  by  the 
U.  S.  Geological  Survey  and  by  other  parties,  the  available  data  will 
be  enormously  increased  in  the  next  decade. 

One  of  the  most  important  matters  developed  by  the  paper  is  that 
there  is  no  such  thing  as  a  maximum  flood.  There  is  an  annual  flood 
which  must  be  expected  every  year.  There  is  a  10-year  flood 
which  is  much  greater.  There  is  a  100-year  flood  much  greater  than 
the  10-year  flood;  and,  although  no  records  are  at  hand  to  demonstrate 
it  adequately,  there  is  every  reason  to  believe  that  there   is  a  1  000- 
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Mr.  year  flood,  which  will  prove  to  be  very  much  greater  than  the  100-year 
""^*°-  flood. 

Perhaps  the  best  practical  idea  of  the  significance  of  these  figures 
may  be  obtained  by  considering  them  from  the  standpoint  of  insurance  j 
that  is  to  say,  there  is  one  chance  in  ten  that  the  10-year  flood  will 
occur  in  any  one  year;  one  chance  in  one  hundred  that  the  100-year 
flood  will  occur ;  and  one  chance  in  1  000  that  the  1  000-year  flood  will 
occur. 

However  great  the  flood  which  may  have  been  experienced,  it  may 
be  taken  as  an  assured  fact  that  it  is  only  a  question  of  time  when 
a  larger  one  will  occur.  In  long-continued  flood  records,  the  second 
largest  flood  is  found  to  be,  on  an  average,  about  80%  of  the  greatest 
one.  It  follows  that  when  the  flood  record  of  any  stream  is  exceeded, 
the  probabilities  are  that  the  new  record  vdll  exceed  the  old  one  by 
25  per  cent. 

The  author's  formula  relates  to  the  volume  of  flood  to  be  expected, 
in  cubic  feet  per  second.  Many  important  flood  records  are  not  avail- 
able in  these  terms.  It  is  known  how  high  the  water  went,  but  it  is 
not  knovtm  with  any  degree  of  certainty  how  many  cubic  feet  per 
second  went  down  the  stream.  Gauge-height  data  are  not  applicable 
directly  to  study  in  connection  with  the  author's  formula,  but,  never- 
theless, they  may  be  used  as  a  basis  for  estimating  the  probable  height 
of  future  floods,  as  long  as  the  conditions  of  channel  remain  un- 
changed; that  is  to  say,  as  long  as  the  conditions  remain  such  that  the 
same  volume  of  discharge  may  be  expected  to  produce  the  same  or 
nearly  the  same  height  of  water.  Within  this  limit,  as  the  quantity 
of  discharge,  or  some  function  of  it,  follows  approximately  the  normal 
law  of  error,  and  as  the  height  of  water  is  a  function  of  the  quantity 
of  discharge,  it  follows  that  the  height  of  water,  or  some  function  of  it, 
will  follow  approximately  the  normal  law  of  error;  and,  with  constant 
channel  conditions,  the  records  of  gauge  heights  for  a  term  of  years 
may  be  arranged  in  the  order  of  magnitude  and  plotted,  as  the  author 
has  plotted  his  flood  data,  on  logarithmic  paper,  or  as  the  writer  would 
prefer,  on  the  probability  paper  previously  described.  An  illustration 
of  this  method  is  presented  in  Fig.  8,  which  shows  the  gauge  heights 
of  the  Ohio  River  at  Cincinnati,  arranged  in  this  way.  The  results 
thus  plotted  may  be  used  as  a  basis  for  a  graphical  determination  of 
the  probability  of  recurrence  of  floods  of  various  heights,  and  the 
reasonable  projection  of  the  mean  line  may  be  taken  as  giving  an 
idea  of  the  probable  frequency  of  floods  greater  than  those  covered 
by  the  record. 

This  method  of  analysis,  of  course,  ceases  to  be  applicable  as  soon 
as  there  are  changes  in  the  channel.  A  study  of  certain  flood  data 
indicates  that  the  Mississippi  records  above  Memphis,  and  the  records 
of  many  other  rivers  which  have  not  chajiged  their  channels,  can  be- 
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Mr. 
Hazen. 
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Mr.     treated  in  this  way;  and,  on  the  other  hand,  the  records  of  the  Lower 
azen.  ]\figgjggippj^   owing  to  changing  dike  and  channel  conditions,  are  not 
capable  of  such  use. 

The  writer  considers  that  the  general  method  of  analysis  proposed 
by  the  author  is  of  the  greatest  importance,  and  is  applicable  to  the 
study  of  many  other  kinds  of  engineering  data  in  which  unknown 
elements  of  variation  play  an  important  part;  and  he  believes  that 
the  use  of  this  method  in  arranging  and  studying  such  data  may  prove 
of  even  greater  significance  than  the  important  results  in  regard  to 
flood  flows  which  are  presented. 

Morris  Knowles,  M.  Am.  Soc.  C.  E. — It  is  always  interesting  and 
helpful  when  an  endeavor  is  made  to  deduce  general  empirical  rela- 
tions from  a  large  mass  of  accumulated  engineering  data.  Such 
attempts,    however,     cannot    emphasize    too    strongly    the    fact    that 


Mr. 
Knowles. 
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Fig.    9. 
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these  obtained  relations  hold  good  only  for  the  data  from  which  Mr. 
they  were  derived,  and  must  not  be  extended  to  others  without  ^^^'^  ^^ 
the  greatest  precaution.  Unfortunately,  too  many  of  the  younger 
engineers  and  recent  graduates  are  apt  to  jump  to  the  conclusion  that 
such  studies,  because  published  by  the  Society,  are  of  general  applica- 
tion, and  put  them  to  uses  for  which  they  were  never  intended.  The 
author  is  very  careful  in  this  respect,  and  refrains  from  making  any 
claim  as  to  the  universal  application  of  his  equations.  It  would  be 
well,  however,  if  the  opposite  were  more  strongly  emphasized,  and  it 
may  not  be  amiss  if  some  examples  are  given  to  illustrate  divergence 
from  the  laws  deduced. 
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Point  is  given  to  these  remarks  by  the  fact  that,  at  about  the  time 
this  paper  was  published,  the  speaker  was  interested  in  investigating 
the  magnitude  and  frequency  of  floods  on  the  Allegheny  River  at 
Kittanning,  Pa.,  and  was  led  to  check  up  the  relation  between  average 
and  maximum  floods  as  shown  by  the  records  with  that  indicated  by 
the  author.    The  results  may  be  of  some  interest. 

Gaugings  of  the  Allegheny  River  at  Kittanning  are  now  available 
for  10  years.  The  gauge  was  established  by  the  United  States  Geo- 
logical Survey  in  1904,  and  remained  under  its  jurisdiction  until  1907, 
when  it  was  taken  over  by  the  Water  Supply  Commission  of  Penn- 
sylvania.     The    annual   maximum    24-hour    discharges   have   been    de- 
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Mr.  duced  from  the  readings  of  this  gauge,  by  the  rating  table  of  the 
Water  Supply  Commission,  extrapolating  for  stages  in  excess  of 
25.0  ft. 

Following  the  methods  used  by  the  author  in   compiling  Table  5, 
the  results  shown  in  Table  32  are  obtained. 
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Fig.   11. 

Plotting  the  values  in  Columns  7  and  8  on  logarithmic  paper,  as 
was  done  for  Curve  A  on  Fig.  1,  gives  the  curve.  A,  on  Fig.  9.  This 
is  interesting  in  that  it  is  not  a  straight  line,  as  is  the  case  for  all  the 
rivers  for  which  plots  were  made  by  the  author. 

With  the  idea  of  studying  the  effect  of  increasing  the  period  of 
observation,  an  attempt  was  made  to  complete  the  Kittanning  record 
for  a  total  of  41  years,  by  studying  the  relation  of  recorded  gauge  read- 
ings  at  Kittanning  with  those  at  Freeport   and  Parker.     The  gauge 
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-Probable  Average  Maximum  Flood  to  be  Expected  in      Mr. 

.  T->  T-  Knowles. 

THE  Allegheny   Kiver  at  Kittanxing. 
Average  Yearly  Flood  =  148  200  see-ft. 
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at  Freeport.  26  miles  below  Kittanning,  was  established  in  1873,  and 
that  at  Parker,  39  miles  above  Kittanning,  in  1884.  As  Freeport 
is  at  the  mouth  of  the  Kiskiminetas  Kiver,  one  of  the  largest  tribu- 
taries of  the  Allegheny,  and  as  no  important  tributaries  enter  at 
Parker  or  between  Parker  and  Kittanning,  it  was  thought  that  a  more 
constant  relation  might  be  expected  between  the  gauges  at  Kittanning 
and  Parker,  than  between  those  at  Kittanning  and  Freeport. 

All  gauge  readings  of  10  ft.  or  more  at  Kittanning  since  1904, 
therefore,  were  plotted,  with  the  corresponding  gauge  readings  at 
Parker  and  Freeport,  as  shown  in  Figs.  10  and  11.  Estimated  Kittan- 
ning gauge  heights  were  taken  from  the  Freeport  curve  for  the  period, 
1873-84,  and  from  the  Parker  curve  for  1884-1904.  In  plotting  the 
Freeport-Kittanning  curve,  all  points  representing  local  floods  in  the 
Kiskiminetas  River  were  given  less  weight. 

Estimating  the  corresponding  discharges  from  the  same  rating 
curve,  and  proceeding  as  before,  gives  the  results  shown  in  Table  33. 

Plotting  Columns  7  and  8  of  Table  33  on  logarithmic  paper  gives 
Curve  B  on  Fig.  9.  This,  also,  is  not  a  straight  line,  and  though  its 
upper  portion  is  nearly  straight,  the  line  does  not  pass  through  the 
point  (R  ^  1,  T  ^  1)  as  would  be  required  by  the  equation: 

R  =  1  -\-  O.S  log.  T. 

Curve  C,  Fig.  9,  shows  the  author's  equation,  and  indicates  that 
its  use  would  yield  results  too  large,  or  on  the  side  of  safety,  as  com- 
pared with  the  computed  expectancies,  for  all  periods  in  excess  of  5 
or  6  years. 
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Mr.      TABLE  33. — Probable  Average  Maximum  Flood  to  be  Expected  in 

Knowles. 

THE  Allegheny  River  at  Kittanning,   1873-1913,  Inclusive. 
Average  Yearly  Flood  =  151  300  sec-ft. 


g-s^ 

Ratio  of 

Summation 

"OfeS 

Gauge 

Discharge, 

flood 

Summation 
of  ratios. 

of  ratios 

Time, 

ok'E 

Year. 

height, 

in 

to  average 

divided   by 

in 

o  ^ 

in  feet. 

second  -feet. 

yearly 

number 

years. 

»-  a 

flood. 

of  flood. 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1 

1913 

29.5 

247  500 

1.63 

1.63 

1.64 

41.0 

2 

1905 

28.5 

234  200 

1.56 

3.19 

1.60 

20.5 

3 

1886 

27.7 

239  3(X) 

1.51 

4.71 

1.57 

13.7 

4 

1883 

26. K 

220  0(K) 

1.45 

6.16 

1.54 

10.2 

5 

1891 

36.7 

218  9(M1 

1.44 

7.60 

1.53 

8.2 

6 

1884 

26.3 

214  400 

1.48 

9.03 

1.50 

6.8 

7 

1900 

26.0 

211  000 

1.39 

10.42 

1.50 

5.9 

8 

1881 

25.7 

207  500 

1.87 

11.79 

1.47 

5.1 

9 

1892 

25.6 

206  400 

1.36 

13.15 

1.46 

4.6 

10 

1890 

25.1 
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1.32 

14.48 

1.45 

4.1 

11 

1895 

25.1 
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1.83 

15.80 

1.44 

3.7 

12 

1904 
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1.31 

17.12 

1.43 

3.4 

13 
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1.43 

3.2 

14 

1908 
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1.41 

2.9 
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1.40 

3.7 

16 

1903 
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2.6 
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1.13 

3:L38 

1.37 

2.4 

18 

1909 
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24 
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25 
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0.83 
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26 
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1.58 

27 

1875 
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1877 

17.1 
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0.65 
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35 

1876 
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0.64 

37.84 

1.08 

1.17 

86 

1874 

16.7 
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0.62 

38.46 

1.07 

1.14 

37 

1889 

16.4 

91  300 

0.60 

39.IK5 

1.06 

1.11 

38 

1907 

15.9 

86  500 

0.57 

39.64 

1.05 

1.08 

39 

1899 

14.5 

73  500 

0.49 

40.13 

1.03 

1.05 

40 

1906 

14.0 

69  100 

0.46 

40.58 

1.01 

1.02 

41 

1880 

13.0 

60  8CK) 

0.40    • 

40.98 

1.00 

1.00 

6  202  8.50 

Average 

=   151  300 

It  may  not  be  without  interest  to  add  that  several  attempts  were 
made  to  obtain  an  equation  which  would  fit  Curves  A  and  B,  and  it 
was  found  that  the  following  checked  closely  for  values  of  T  greater 
than  2  years: 

For  Curve  A,  Q  =  Q  (Ave.)   (1.7  +  0.6  log.  log.  T) 
For  Curve  B,  Q  =  Q  (Ave.)  (1.6  +  0.6  log.  log.  T) 

Graphs  of  these  are  shown  on  Fig.  12. 
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It  should  be  noted  in  passing  that  the  average  annual  flood  com-       Mr. 
puted  by  the  speaker  for  the  10-year  record  at  Kittanning,  or  for  any  ^°*'"'^^^- 
conservative  7  years  of  that  record,  is  substantially  greater  than  that 
given  by  the  author  for  the  Allegheny  River  at  Kittanning  in  Table 
16.     No  doubt  this  is  due  to  the  use  of  a  different  rating  curve  in 
connection  with  the  gaugings. 

CURVE  .4.  g=0(AVE.)  (1.7-1-0.6  LOG.  LOG.  r)10-YEAR  RECORD. 
CURVE  B.  ()  =  0(AVE.)  (1.6  +  0.6  LOG.  LOG.  r)41-YEAR  RECORD. 


1 

/ 

/ 

/ 

/ 

1 

/ 

/ 

(h 

/ 

/ 

1.00 
0.9 
0.S 

*  0.6 
^'O.o 

of 

/ 

nl 

o/ 

'i 

I 

/ 

/ 

/ 

'o' 

'Z  0.4 

h 

5      / 

L° 

^ 

HO.3 

^o°^ 

' 

\ 

§•0.2 

1-3 

''y 

I 

/ 

I 

/I 

/ 

0..5  1.0  1..5  2.0 

Ratio  of  Flood  to  Average  Yearlj'  Flood . 
Fig.  12. 


AMEEICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS   AND   DISCUSSIONS 

This    Society    is    not    responsible   for   any    statement    made    or   opinion    expressed 
in    its   publications. 


CONCRETE    BRIDGES: 
SOME  IMPORTANT  FEATURES  IN  THEIR  DESIGN, 

Discussion.* 


By  S.  W.  Bowen,  M.  Am.  Soc.  C.  E. 


S.  W.  Bowen,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  much  Mr. 
interested  in  this  paper,  especially  in  that  portion  relating  to  three- 
hinged  ribbed  arches.  The  comparisons  of  cost  of  the  three-hinged 
and  fixed  types  seem  to  indicate  that  the  former  is  not  such  an  ex- 
pensive form  of  construction  as  we  are  sometimes  led  to  believe.  The 
comparison,  however,  is  incomplete,  as  the  cost  of  the  rib  reinforcement 
is  not  included.  A  fair  comparison  of  the  two  types  cannot  be  made 
without  including  this  item. 

As  pointed  out  by  the  authors,  the  three-hinged  arch  possesses  a 
number  of  advantages  over  the  fixed  type,  not  the  least  of  which  is  the 
certainty  and  simplicity  of  the  calculations.  One  cannot  carry  through 
even  the  more  simplified  theories  of  fijted-arch  design  without  being 
impressed  by  the  length  and  complicated  nature  of  the  computations 
involved.  These  computations  are  based  on  assumptions  which  may 
not  be  strictly  correct  and  may  be  entirely  upset  by  a  slight  movement 
of  one  of  the  supports,  to  say  nothing  of  the  complications  caused  by 
temperature.  In  comparison  with  this,  there  is  little,  if  any,  uncer- 
tainty in  the  design  of  a  three-hinged  arch.  The  computations  are 
simple,  and  the  stresses  in  the  ribs  can  be  ascertained  as  accurately 
as  the  dead  and  live  loads. 

In  some  reinforced  concrete  viaducts,  designed  recently  by  the 
writer,   cast-steel   hinges   having   hemispherical,    ball-and-socket   joints 

*  This  discussion  (of  the  paper  by  Walter  M.  Smith,  Sr.,  M.  Am.  Soc.  C.  E.,  and  Walter 
M.  Smith,  Jr.,  Jun.  Am.  Soc.  C.  E.,  published  in  August,  1913,  Proceedings,  and  presented 
at  the  meeting  of  November  5th,  1913),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  for  further  discussion. 
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Mr.  were  used.  The  price  paid  for  these  castings  was  7  cents  per  lb.  in 
Bowen.  ^^j.^^^^  which  is  high.  Even  at  this  price,  the  cost  of  the  hinges 
amounted  only  to  about  3^%  of  the  cost  of  the  structure.  This  does 
not  seem  to  be  an  extravagant  price,  considering  the  many  advantages 
obtained.  The  writer  believes  that  more  can  be  gained  by  developing 
a  cheap  form  of  hinge  than  by  producing  new  theories  of  fixed-arch 
design. 

With  reference  to  the  ribbed  type,  as  compared  with  the  solid  arch 
ring-  or  barrel  type,  the  former  has  one  advantage  over  the  latter  which 
is  not  brought  out  by  the  authors:  This  is  the  fact  that  no  water- 
proofing is  required  where  ribbed  arches  are  used.  Water-proofing  is 
frequently  an  expensive  and  troublesome  proposition,  and  the  type  of 
construction  that  does  away  with  it  is  worthy  of  consideration  for  that 
reason  alone.  ■',:;,-;;;:'    _•,"•; 

As  to  the  I-shaped  section  for  the  ribs  of  long  spans,  it  is  doubt- 
ful whether  this  cross-section  is  much  more  economical  than  the  rect- 
angular section.  The  forms  for  the  former  will  be  more  expensive 
per  cubic  yard  of  concrete  than  those  for  the  latter,  and  the  cost  of 
placing  concrete  in  the  I-section  will  be  greater  per  cubic  yard  than 
in  the  rectangular  section.  This  will  tend  to  reduce  the  difference  in 
cost  due  to  the  smaller  yardage  of  concrete  in  the  I-section. 

In  conclusion,  the  writer  wishes  to  state  that  he  agTees  fully  with 
the  authors  as  to  the  advantages  of  the  three-hinged  ribbed  arch  over 
other  types  of  arch,  and  believes  that  this  valuable  paper  will  do  much 
toward  bringing  this  type  into  more  general  use. 
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DERIVATION  OF  RUN-OFF  FROM  RAINFALL  DATA. 

Discussion.* 


By  R.  B.  H.  Begg,  Assoc.  M.  Am.  Soc.  C.  E. 


R.  B.  H.  Begg,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Justin's  Mr. 
paper  is  an  interesting  addition  to  an  important  subject,  but  the  writer  ^^^' 
would  like  to  call  attention  to  the  danger  of  attempting  to  apply  any 
general  formula  to  so  complicated  a  matter  as  the  relation  of  rainfall 
to  run-off,  and,  at  the  same  time,  present  a,  hitherto  unpublished 
run-off  curve  (Fig.  21),  which  may  be  of  interest.  This  curve  shows 
the  relation  of  run-off  to  rainfall  for  the  principal  water-sheds  of 
Kansas.  The  run-off  figures  were  taken  from  the  stream  guagings  of 
the  U.  S.  Geological  Survey,  and  the  rainfall  from  the  reports  of 
the  U.  S.  Weather  Bureau.  The  points  plotted,  with  very  few  excep- 
tions, fell  very  close  to  the  final  curve.  The  principal  point  of  interest 
in  this  curve  is  the  great  difference  between  it  and  the  curves  for  the 
Northeastern  States,  which  are  the  ones  usually  seen. 

The  conditions  governing  the  run-off  in  Kansas  are  quite  different 
from  those  in  the  East;  of  these  the  two  most  important  are  the 
slight  slope  of  the  drainage  areas  and  the  fact  that  the  greatest  rain- 
fall occurs  in  summer,  when  vegetation  is  most  abundant,  and,  conse- 
quently, evaporation  from  the  ground  is  greatest.  It  will  be  noticed 
that,  for  a  rainfall  of  40  in.  on  the  water-sheds  mentioned  by  Mr. 
Justin,  the  run-off  is  about  18  in.,  and  the  curve  for  Kansas  gives 
only  6.1  in.  j?2 

Mr.   Justin   gives  the  general   formula,     ('  =   O.ii.'M  S'^'^^^  -— ,   for 

the  run-off.  The  curve  plotted  by  this  formula  for  the  Republican 
River,  one  of  the  principal  streams  used  in  the  diagram,  Fig.  21,  is 
on  the  same  scale.  It  will  be  noted  that  this  formula  gives 
results  about  40%  greater  than  those  obtained  from  the  curve  plotted 
from  actual  measurements  for  rainfalls  of  30  in.  or  more,  and  for  smaller 
rainfalls  it  gives  even  greater  discrepancies.  The  writer  attempted 
unsuccessfully  to  derive  a.  formula  that  would  fit  this  curve,  and  came 
*  Continued  from  October,  1913,  Proceedings. 
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Mr.    to  the  conclusion  that  no   formula  would   fit   Kansas   conditions,   the 

Begg.  prii^cip.,1  difficulty  being  that  the  variation  in  rainfall  from  year  to 

year  is  much  greater  than  in   the  East,  the  driest  year  being  about 

50%  of  the  average  instead  of  70%,  and  no  formula  could  be  found 

to  fit  a  long  enough  portion  of  the  curve  to  cover  the  ordinary  variations. 
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Much  trouble  has  been  caused  in  various  parts  of  the  country  by  cal- 
culating water  supplies  from  data  and  formulas  compiled  for  use  in 
places  where  the  conditions  are  entirely  difl^erent,  and  it  would  be  of 
great  service  to  water-works  engineers  if  reliable  data  were  available  for 
all  localities,  and  attempts  to  derive  formulas  for  general  application 
were  abandoned. 
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THE  EFFECT  OF  SATURATION  ON  THE  STRENGTH 

OF  CONCRETE. 

Discussion.* 


llv  ^Iesshs.  E.  a.  Moritz,  J.  E.  Worcester,  Walter  S.  Wheeler,  and 
Clifford  Eichardson. 


E.  A.  MoRiTz,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  Mr. 
recalls  some  experiments  conducted  by  the  writer  in  1904  and  1905 
at  the  University  of  Wisconsin  and  published  in  1906.f  It  was  be- 
lieved by  the  writer  at  that  time  that  concrete  stored  in  water  before 
testing  is  much  stronger  than  when  stored  in  air  for  the  same  period 
of  time,  and  he  wa.s  nu;eh  surprised  then,  and  has  been  more  surprised 
since,  that  this  point  has  not  been  generally  recognized  in  specifications 
for  test  pieces. 

The  writer's  experiments  were  very  limited,  and  were  only  inci- 
dental to  some  tests  of  large  beams,  but  the  results  show  up  so  forcibly 
the  difference  in  strength  of  concrete  specimens  stored  in  water  and 
those  stored  in  air  that  it  is  thought  worth  while  to  publish  them 
again  in  connection  with  Mr.  Van  Ornum's  paper.  The  figures  in 
Table  1  are  taken  from  page  364  of  the  Bulletin  mentioned.  The 
figures  in  the  last  column  are  the  reciprocals  of  those  in  the  Bulletin, 
and  are  given  in  order  to  make  them  directly  comparable  with  Mr. 
Van  Ornum's  figures. 

All  Compression  tests  were  made  with  4-in.  cubes,  and  at  the  age 
of  30  days.  The  cubes  were  taken  from  the  moulds  at  the  age  of 
48  hours,   after  which  one  from  each  batch  was  stored  in  air  at  a 

*This  discussion  (of  the  paper  by  J.  L.  Van  Ornum.  M.  Am.  Soc.  C.  E.,  published  in 
August,  1913,  Proceedings,  and  presented  at  the  meeting  of  November  5th,  191.S),  is  printed 
in  Proceedinris.  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 

t  Bulletin  No.  IIS.  Univ.  of  Wisconsin, 


Mr. 
Moritz. 
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tem])erature  of  about  65°,  and  the  other  stored  in  water  until  tested. 
The  concrete  was  mixed  moderately  wet — not  sloppy.  All  materials 
were  proportioned  by  weight  and  mixed  by  hand.  Natural  pit  sand 
and  crushed  limestone  formed  the  aggregate. 

TABLE  1. 


Proportions  of  concrete. 

Unit  Stress  on  Cube  : 

S 
Ratio,  -^ 

62 

In  water,  Sj. 

In  air,  S^. 

1  :  2:  5 

1450 
2  720 
2  080 
2  560 
2  560 
2  850 
2  620 

1950 
1620 
1  180 
1520 
1  610 

1  170 
1420 
1600 
1310 
1  290 
1620 
1560 

990 

950 

780 

1020 

1  050 

1.23 

1.92 

1.28 

1.96 

2.00 

1.75 

1.70 

1  :  3:  6.5 

1.96 
1.70 

ki 

1.51 

.( 

1.49 

.w 

1.54 

Mr.  J.  R.  Worcester,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  has 

^^'  brought  out  in  a  forceful  manner  the  possible  loss  of  strength  in 
concrete  by  saturation  after  premature  drying,  and,  at  the  same  time, 
the  possible  gain  in  strength  by  continuous  satviration  up  to  an  age  of 
6  weeks.  This  series  of  tests  furnishes  ample  evidence  of  the  neces- 
sity of  standardizing  the  method  of  curing  specimens  for  compres- 
sion tests  in  the  laboratory,  and  may  account  for  an  appreciable  part 
of  the  discrepancies  often  noticed  between  the  results  of  experiments 
made  in  different  laboratories.  It  also  shows  that  by  yielding  to  the 
temptation  to  allow  concrete  in  actual  construction  to  dry  out  as 
rapidly  as  possible,  one  runs  the  risk  of  permanently  losing  a  very 
material  proportion  of  the  strength  which  might  be  attained,  even 
though,  by  its  location  within  a  building,  there  is  no  danger  of  the 
loss  of  strength  through  subsequent  saturation.  Builders  are  very 
apt  to  strip  forms  from  vertical  surfaces  as  quickly  as  possible,  to 
hasten  this  drying  out,  and  engineers  are  likely  to  overlook  the  ill 
effect  of  this  practice. 

It  seems  evident  that  the  treatment  to  which  the  test  specimens 
were  subjected  was  calculated  to  produce  unusually  rapid  drying  out, 
and  that  the  strength  of  those  tested  without  subsequent  immersion, 
taken  as  100  on  the  scale  of  relative  strengths,  must  have  been  rather 
lower  than  would  naturally  be  expected  of  this  quality  of  concrete. 
If  so,  the  later  gain  in  strength  after  continuous  saturation  is  easily 
explained.  The  author,  perhaps,  will  give  us  additional  light  on  this 
point. 
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The  temporai-y  loss  of  strengtli  on  immersion  appears  to  the  writer  Mr. 
to  be  analogous  to  the  loss  in  strength  of  dried  clay  when  water- 
soaked.  It  seems  as  if  some  of  the  cement  was  dried  out  so  rapidly 
that  it  acquired  a  strength  from  drying  and  not  from  chemical  crys- 
tallization. The  formation  of  a  hardened,  light  colored  skin  on  the 
outside  of  a  wall  while  the  interior  is  still  dark,  moist,  and  soft,  is  a 
common  phenomenon.  If  this  is  not  the  true  explanation,  the  writer 
hopes  that  the  discussion  will  bring  out  a  better  one. 

Although  the  report  of  the  Special  Committee  on  Concrete  and 
Reinforced  Concrete  does  not  elaborate  the  dangers  of  too  rapid  dry- 
ing, a.-j  it  might  have  done  to  advantage,  it  does  include  one  recom- 
mendation, apparently  overlooked  by  the  author,  that  "The  faces  of 
concrete  exposed  to  premature  drying  should  be  kept  wet  for  a  period 
of  at  least  7  days."  It  would  be  interesting  to  know  what  would 
have  been  the  effect  on  the  author's  experiments  of  this  initial  treat- 
ment. 

In  actual  construction  it  seems  probable  that  generally  a  better 
chance  for  hydration  exists  than  was  given  to  these  specimens.  A 
cylinder,  8  in.  in  diameter  and  16  in.  high,  removed  from  the  mould 
in  2  days  and  exposed  to  air  of  ordinary  humidity,  would  present  a 
large  surface  to  the  effect  of  evaporation,  and  would  dry  out  very 
rapidly.  The  exposed  surface,  assuming  the  cylinders  to  have  stood 
on  end.  would  have  amounted  to  about  6.75  sq.  ft.  for  each  cubic 
foot  of  volume.  In  practice,  prior  to  the  removal  of  the  forms,  a 
floor  slab  would  offer  the  largest  exposed  surface  per  unit  of  volume 
of  any  ordinary  construction.  In  this  case,  with  a  thickness  of  6 
in.,  the  exposed  area  would  only  be  2  sq.  ft.  for  every  cubic  foot  of 
volume,  and,  if  the  surface  were  kept  wet  for  7  days,  as  it  should 
be.  the  chance  for  drying  out  would  be  much  less  than  in  the  test 
cylinders.  It  appears,  therefore,  that  though  the  danger  of  a  decrease 
in  strength  from  saturation  is  unlikely  to  prove  serious  in  practice, 
it  cannot  justifiably  be  ignored. 

Waltku  S.  Wheeler,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr. 
has  often  noticed  that  in  finished  structures  new  concrete  appears  to 
lose  part  of  its  strength  when  first  submerged  in  water.  For  example, 
he  has  just  completed  some  construction  in  which  the  proportion  was 
1  part  cement  to  3  parts  sand,  by  volume.  When  2  or  3  days  old,  the 
top  of  this  structure  was  submerged  to  a  depth  of  about  1  ft.  Before 
submersion,  it  was  noted  that,  by  pressing  with  the  thumb  on  the 
corners  and  edges  of  the  structure,  the  concrete  could  be  broken  quite 
easily,  and  that  for  several  days  after  submersion  it  could  be  broken 
more  easily;  in  fact,  for  a  few  days,  it  seemed  that  the  structure  had 
only  about  enough  strength  to  hold  together. 

After  a  submersion  of  2  months,  the  structure  was  as  firm  as  could 
be  expected,  and  nothing  but  a  charge  of  dynamite  could  mar  it.     The 
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Mr.       materials   used   were   standard,    and    the   placing   was   done   according  i 

to  standard  practice. 


Wheeler. 


.Mr.  Clifford  Kichardson,,  M.  Am.  Soc.  C.  E.  (by  letter). — The  conclu- 

son.  sions  arrived  at  by  Mr.  Van  Ornum  can  be  confirmed  by  the  experience 
of  the  writer,  who,  however,  would  go  farther  and  state  that  a  reversal 
of  the  conditions  with  which  he  has  experimented  would  result  in  the 
diminution  of  the  strength  of  the  concrete ;  that  is  to  say,  that  a  con- 
crete which  has  been  immersed  in  water  for  some  time  loses  strength 
on  being  dried  out.  It  is  to  be  hoped  that  Mr.  Van  Ornum,  through 
some  of  his  students,  will  conduct  some  experiments  in  this  as  well 
as  in  other  directions  where  modification  of  the  environment  of  con- 
crete may  take  place.  Mr.  Van  Ornum's  paper  is  valuable,  as  it  brings 
to  the  attention  of  users  of  concrete  a  situation  which  has  not  been 
sufficiently  appreciated  in  the  past,  although  it  has  been  known,  in  a 
general  way,  to  most  engineers. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


FREDERIC  DANFORTH,  M.  Am.  Soc.  C.  E.* 


Died  June  6th,  1913. 


Frederic  Danforth,  the  son  of  Judge  Charles  and  Julia  S.  (Dins- 
more)  Danforth,  was  born  at  Gardiner,  Me.,  on  February  8th,  1848. 
He  was  graduated  from  Dartmouth  College  (Thayer  College  of  Civil 
Engineering)  in  1870,  and  began  work  as  Rodman  on  the  construction 
of  the  European  and  North  American  Railroad,  in  August,  1870. 

From  that  time  until  his  death,  he  was  almost  constantly  connected 
with  railway  work  in  various  capacities,  being  employed  as  follows : 
by  the  Augusta  and  Wiscassett  Railroad,  from  October,  1871,  to 
May,  1872;  Bartlett  Division  of  the  Portland  and  Ogdensburg  Rail- 
road (now  the  Mountain  Division  of  the  Maine  Central  Railroad), 
from  August,  1872,  to  October,  1873 ;  Boston  and  Northwestern  Rail- 
road in  1874;  West  Waterville  and  Augusta  Railroad  and  the  Augusta 
and  Lewiston  Railroad  in  1875;  the  European  and  North  American 
Railroad  and  the  Penobscot  River  Railroad,  from  1876  to  1881;  the 
Gardiner  and  Farmington  Railroad  and  the  Aroostook  Central  Rail- 
road in  1881 ;  the  Skowhegan  and  Athens  Railroad  in  18S2 ;  the  Maine 
Shore  Line  Railroad  and  the  Mt.  Desert  Railway  in  1883 ;  the  Franklin 
and  Megantic  Railway  in  1884;  the  Northern  Maine  Railroad,  as 
Chief  Engineer,  in  1888  and  1889;  the  Kennebec  Central  Railroad,  as 
Chief  Engineer,  from  1888  to  1890;  the  Portland  and  Rumford  Falls 
Railroad,  as  Chief  Engineer,  from  1891  to  1894;  the  Maine  Central 
Railroad  in  1901 ;  the  Debec  Junction  Railroad  in  1905 ;  the  Eastern 
Maine  Railroad,  as  Chief  Engineer,  in  1911  and  1912. 

Contemporaneously  with  this  work,  Mr.  Danforth  was  engaged  in 
land  and  city  surveys  in  Gardiner,  Me.,  and  in  surveys  of  townships 
in  the  Sta,te.  In  1882,  he  designed  the  dam  for  the  Augiista  Water 
•Company.  He  also  served  as  City  Engineer  of  Gardiner  for  a  long 
period. 

In  November,  1894,  he  was  appointed  Engineer  Member  of  the 
Board  of  Railroad  Commissioners  of  Maine,  and  was  re-appointed  in 
November,  1897.  He  was  elected  Mayor  of  Gardiner  in  March,  1901, 
and  re-elected  in  1902;  he  also  served  as  a  member  of  the  Board  of 
Trustees  of  the  Gardiner  Water  District  in  1904.  Mr.  Danforth  was 
freqviently  employed  as  Supreme  Court  Referee  in  the  adjustment  of 
disputed   township   boundaries   and  other   engineering  questions.     On 

*  Memoir  prepared  by  W.  W.  Crosby,  M.  Am.  Soc.  C.  E. 
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his  appointment  as  member  of  the  Board  of  Eailroad  Commissioners, 
he  resigned  his  official  connection  with  several  railroads  in  Maine,  and 
thereafter  practiced  extensively  as  Consulting  Engineer,  especially 
for  railroads  and  bridges.  At  the  time  of  his  death,  he  vpas  a  Director 
of  the  Gardiner  National  Bank. 

In  1880  Mr.  Danforth  was  married  to  Miss  Caroline  Stevens,  of 
Randolph,  Me.,  who,  with  four  children,  survives  him. 

Mr.  Danforth  was  a  man  with  great  practical,  as  well  as  theoretical, 
knowledge,  and  of  rare  common  sense.  He  was  a  careful,  accurate,  and 
hard  worker,  and,  in  railroad  location,  had  few,  if  any,  equals,  his 
methods  for  such  work  embodying  the  highest  kind  of  science.  He 
had  strong  domestic  tastes,  and  was  kindly  and  considerate  in  the 
extreme,  though  of  a  retiring  disposition.  He  inspired  the  sincere 
affection  and  regard  of  his  subordinates  and  of  all  who  knew  him, 
and  his  judgment  and  advice  were  frequently  sought  and  always 
generously  given.  He  was  highly  respected  everywhere  for  his 
character  and  ability.  He  was  devoted  to. his  profession  and  inspired 
that  devotion  in  the  other  members  of  it  with  whom  he  came  in  con- 
tact. Truth  and  honesty  stood  above  all  to  him,  and  in  all  his  life 
he  unswervingly  insisted  that  every  action  or  decision  should  be 
based  on  them.  The  Profession,  as  well  as  his  own  immediate  circle, 
suffers  an  immeasurable  loss  in  his  death. 

Mr.  Danforth  was  a  Member  of  the  Thayer  Society  of  Civil  En- 
gineers and  the  Maine  Society  of  Civil  Engineers.  He  was  elected  a 
Member  of  the  American  Society  of  Civil  Engineers  on  September 
2d,  1891. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


November  19th,  1913. — Tlie  inecting  was  called  to  order  at  8.30 
P.  M.;  Director  Kobert  Ridgway  in  the  chair;  Chas.  Warren  Hunt, 
Secretary-;  and  present,  also,  130  members  and  20  guests. 

A  paper  by  Kichard  R.  Lyman,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Measurement  of  the  Flow  of  Streams  by  Approved  Forms  of  Weirs, 
with  New  Formulas  and  Diagrams,"  was  presented  by  Weston  E.  Ful- 
ler, M.  Am.  Soc.  C.  E.,  and  communications  on  the  subject  from  Messrs. 
E.  A.  Moritz,  Allen  Hazen,  and  Clarence  T.  Johnston,  were  read  by  the 
Secretar5-. 

The  Secretary  announced  that  the  following  members  pf  the  Society 
had  been  appointed  by  the  Board  of  Direction  as  a  Special  Com- 
mittee to  Study  the  Question  of  Floods,  Flood  Prevention,  and  other 
allied  subjects:  Frank  M.  Kerr,  John  A.  Bensel,  T.  G.  Dabney,  C.  E. 
Grunsky,  Morris  Knowlcs,  J.  B.  Lippincott,  Daniel  W.  !Mead,  John 
A.  Ockerson,  Arthur  T.  Safford,  Charles  Saville,  F.  L.  Sellew,  and 
C.  McD.  Townsend. 
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The  Secretary  announced  the  election  of  the  following  candidates 
on  November  12th,  1913: 

As  Members 
William   Bement  Claflin,  West  Redding,   Conn. 
RuEL  Keith  Compton,  Baltimore,  Md. 
George  Henry  Davis,  New  Orleans,  La, 
James  Addison  Guttridge,  Brown  Station,  N.  Y. 
Paul  Mayer  LaBach,  Chicago,  111. 
John  William  Link,  Chicago,  111. 
Daniel  Howard  Martin,  Brookville,  Pa. 
Harry  Edgar  Trout,  Sault  Ste.  Marie,  Mich. 

As  Associate  Members 
1  Thomas  John  Allan,  Oakland,  Cal. 

George  Edward  Bell,  Winnipeg,  Man.,  Canada 

Harry  Walton  Bell,  Laurel,  Miss. 

Guy  Borden,  Beristain,  Puebla,  Mexico 

Ealy  Grannis  Briggs,   Seney,  Mich. 

Owen  Long  Burdett,  Buffalo,  N.  Y. 

Eugene  Olaf  Christiansen,  Hilo,  Hawaii 

Rapier  Redmond  Coghlan,  Elephant  Butte,  N.  Mex. 

Charles  Judson  Colgan,  Olympia,  Wash. 

Harold  Conkling,  Boise,  Idaho 

Chester  Cooke,  Kansas  City,  Mo. 
!  Ralph  Emerson  Dodge,  Sacramento,  Cal. 

RoLLO  Guy  England,  Jackson,  Mich. 

Albert  Gfvan,  Sacramento,  Cal. 

Leo  Adolph  Hoynck,  Houston,  Tex. 

Ellis  Hudman,  Rock  Springs,  Wyo. 

Charles  Clayton  Huff,  Los  Angeles,  Cal. 

Louis  De  Cou  Kelsey,  Aberdeen,  Wash. 

George  Dallis  Dixon  Kirkpatrick,  Salt  Lake  City,  Utah 

Otto  Lemberger,  New  York  City 

Edward  Manhard,  Rock  Island,  111. 

Frank  Milton  Masters,  New  York  City 

Wayne  Dickson  Maxwell,  Sac  City,  Iowa 

Carroll  Moses,  New  Orleans,  La. 

John  Aloysius  O'Donnell,  Albany,  N.  Y. 

Robert  Franklin  Olds,  Fort  Mills,  Philippine  Islands 

Guy  Pinner,  New  York  City 

Richard  Sachse,  Berkeley,  Cal. 

Benjamin  Baker  Skinner,  New  York  City 

Herbert  Yates  Smith,  Atlantic  City,  N.  J. 

Edward  Sattley  Stafford,  Florence,  Ariz. 
;  Russell  Howard  Stalnaker,  Redding,  Cal. 
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As  Juniors 
Charles  ISTiciiolas  Bley,  Berkeley,  Cal. 
Edward  Withers  Bowen,  Cliarlotte,  N.  C. 
Horace  Morton  Bringhurst,  Seattle,  Wash. 
Walter  Foster  Britton,  Trenton,  N.  J. 
George  Franklin  Brown,  Kansas  City,  Mo. 
Asa  B  Chapman,  Seattle,  Wash. 
Herbert  Greiss  Croll,  Toronto,  Ont..  Canada 
Joseph  Jay  Durfee,  Brooklyn,  N,  Y. 
Henry  William  English,  Manning,  Iowa 
Charles  Hinde,  Vancouver,  B.  C,  Canada 
Arthur  Klock  Hinds,  Cap  Sante.  Que.,  Canada 
William  Guirey  Huxtable,  Ebony,  Ark. 
Robert  Lane  James,  Washington,  D.  C. 
Frederick  Thurlough  Morse,  Tropico,  Cal. 
John  Nathanael  Olson,  Denison,  Tex. 
Jesse  Hope  Peek,  Philadelphia,  Pa. 
Harry  Paul  Piper,  Jr.,  Morristown,  N.  J. 
Henry  Malcolm  Priest,  Littleton,  Mass. 
John  Robert  Stallings,  Little  Rock,  Ark. 
Mau  Sun,  New  York  City 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  November  12th,  1913: 

From  Assocute  Member  to  Member 
Arthur  Burling  Foote,  Grass  Valley,  Cal. 
Alfred  Cookman  Gregory,  Trenton,  N.  J. 
Adolph  Frederick  Meyer,  St.  Paul,  Minn. 
Henry  Preston  Rust,  New  York  City 
Walter  Bowen  Saunders,  Anoka,  Minn. 
Garfield  Stubblefield,  Portland,  Ore. 
John  Taylor,  Hamilton,  Ont.,  Canada 
John  Edgar  Van  Liew,  Des  Moines,  Iowa 

From  Junior  to  Associate  Member 
Ralph  Robert  Benedict,  Kansas  City,  Mo. 
Frank  Gary  Eason,  Charleston,  S.  C. 
Clesson  Herbert  Field,  Buffalo,  N.  Y. 
Harry  Carter  Gardner,  Pottstown,  Pa. 
Leroy  Race  Hinman,  Denver,  Colo. 
Reginald  Truman  Hurdle,  Glendive,  Mont. 
James  Vernon  Phillips,  Baxley,  Ga. 
Gilbert  Small,  Boston,  Mass. 
Edward  Charles  Stocker,  Shanghai,  China 
Roger  Wolcott  Toll,  Denver,  Colo. 
Thomas  Harrison  Winchester,  Columbus,  Ga. 
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The  Secretary  announced  the  following  deaths: 

David  Ernest  Melliss,  of  Mill  Valley,  Cal.,  elected  Member, 
October  2d,  1895;  died  March,  1913. 

Emanuel  Alois  Ziffer,  of  Vienna,  Austria,  elected  Member,  June 
7th,  1893;  died  October  27th,  1913. 

James  Marcus  Bandy,  of  Greensboro,  N.  C.,  elected  Associate  Mem- 
ber, February  4th,  1903;  date  of  death  unknown. 

Adjourned. 

December    3d,  1913. — The  meeting    was    called    to    order   at  8.30 
p.  M.;  A.  DeW.  Foote,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Charles  War- 
ren Hunt,   Secretary;  and  present,  also,  115  members  and  14  guests. 
The  minutes  of  the  meetings  of  October  15th  and  November  5th, 
1913,  were  approved  as  printed  in  Proceedings  for  November,  1913. 

A  paper  entitled  "Topographical  Surveys  Made  by  the  American 
Section  of  the  International  Boundary  Commission,  United  States 
and  Mexico,"  by  W.  W.  Follett,  M.  Am.  Soc.  C.  E.,  was  presented 
by  the  Secretary,  and  the  subject  was  discussed  by  R.  W.  Burrowes, 
Jun.  Am.  Soc.  C.  E.  The  Secretary  read  communications  on  the  sub- 
ject from  Messrs.  William  B.  Landreth  and  W.  N.  Brown. 

A  paper  by  J.  E.  Greiner,  M.  Am.  Soc.  C.  E.,  entitled  "Coal  Piers 
on  the  Atlantic  Seaboard,"  was  presented  by  title  only. 

The  Secretary  presented  an  invitation,  from  the  Directors  of  the 
American  Museum  of  Safety,  to  the  members  of  the  Society  to  attend 
and  take  part  in  the  International  Conference  of  Safety  and  Sanita- 
tion to  be  held  at  Rumford  Hall,  Chemists'  Building,  60  East  41st 
Street,  New  York  City,  December  10th,  11th,  and  12th,  1913. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  December  3d,  1913 : 

As  Members 
Henry  Phillips  Beck,  Richmond,  Va. 
Alvin  Bugbee,  Trenton,  N.  J. 
Emmett  Filmore  Collins,  St.  Louis,  Mo. 
Edgar  Augustus  James,  Toronto,  Ont.,  Canada 
Alfredo  Carlo  Janni,  St.  Louis,  Mo. 
David  Andrew  Keefe,  Athens,  Pa. 
Sverre  Lund,  Worcester,  Mass. 
Charles  Dewey  Martin,  Merced,  Cal. 
Seitaro  Mukasa,  Tokyo,  Japan 

Alexander  King  Robertson,  Vancouver,  B.  C,  Canada 
William  Von  Phul,  New  Orleans,  La. 

As  Associate  Members 
Porter  Hugh  Albright,  Los  Angeles,  Cal. 
Charles  Everett  Bee,  Taber,  Alberta,  Canada 


Decenihor.  1013.1  MIMTKS  of   MICKTINGS  TTS 

(iii.HKirr  Kenyon  Cooper,  Limon,  (^osta  Rica 

IIknry  PiULKiNs  Drake.  Pittsburfih,  Pa. 

Ward  ITai.e,  Irnia,  Cal. 

Richard  Ambrose  Hart,  Salt  Lake  City,  Utah 

William  Frederick  Jenrick,  New  York  City 

Joseph  Arthur  Kitts,  Gatun,  Canal  Zone,  Panama 

Robert  Douglas  !^^cLEISH,  Kimberly,  South  Africa 

WiLLARD  Preston   ^Tiller.   Ilondapun.  Philippine  Islands 

Erwin  John  Miner,  Cincinnati.  Ohio 

Harold  Marston  Morse,  Cleveland,  Ohio 

Ralph  St.  Lawrence  Peverley,  San  Juan,  Porto  Rico 

Robert  Joseph  Potts,  Collo.ae  Station,  Tex. 

Richard  Willis  Rea,  Ellenaburg-,  Wash. 

Joseph  Eugene  Root,  Cincinnati,  Ohio 

Chester  Ritch  Smith,  Portland,  Ore. 

William  Hubert  Vincent,  New  Orleans,  La. 

As  Associate 
TTrcH  ^foNRoK  Wilson,  New  York  City 

As  Juniors 

Franklin  Rea  Allen,  Pine  Bluff,  Ark. 

Robert  Moore  Angas,  Hobe  Sound,  Fla. 

Donald  McCord  Baker,  Albuquerque,  N.  Mex. 

Norman  Nathaniel  Barber,  Ottumwa,  Iowa 

Ralph  Ernest  Beck,  Newark,  N.  J. 

■Jose  Manuel  Cadenas,  Havana,  Cuba 

Jacob  Leslie  Crane,  Jr.,  Ann  Arbor,  Mich. 

Mark  Antony  Feiner,  New  York  City 

Lyman  Russell  Flook,  Ann  Arbor,  Mich. 

Leslie  Carl  Frank,  Baltimore,  Md. 

Edward  Louis  Haberle,  Minneapolis,  Minn. 

Joseph  Samuel  Harris,  New  York  City 

Thomas  Victor  Hatcher,  Fort  Shaw,  Mont. 

Charles  Sumner  Henning,  Jr.,  Vale,  Ore. 

Hamlln   Eari.e  Kirciigraber,  New  York  City 

Harold  Gilbert  ^IcGee,  Columbus,  Ohio 

Osc.\R  William  Melin,  Waukesha,  Wis. 

Louis  Watters  Payne,  Corozal,  Canal  Zone,  Panama 

Charles  Millichamp  Romanowitz,  Alameda,   Cal. 

Norman  Kirkwood  Sheppard,  Sapinaw,  ]\Iich. 

Gilbert  Cobb  Staehi.e,  Omaha,  Nebr. 

Guy  Burt  Walker,  Wilkes-Barre,  Pa. 

Lee  Wendelboe,  St.  Ignatius,  Mont. 

'Glenn  Barton  Woodruff,  South  Bethlehem.  Pa. 
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The  Secretary  announced  the  transfer  of  the  following  candidates 
on  December  3d,  1913: 

From  Associate  Member  to   Member 
Ray  Howard  Corey,  Marshfield,  Ore. 
William  Albert  Edward  Doying,  Washington,  D.  C. 
Paul  Hansen,  Urbana,  111. 

Harold  Wellington  Horne,  Farmington,  Conn. 
John  Edward  Jennings,  Brooklyn,  N.  Y. 
Charles  Andrew  Randorf,  Hamburg,  N.  Y. 
George  Edson  Philip  Smith,  Tucson,  Ariz. 
Alexander  Thomson,  Jr.,  Walden,  N.  Y. 
John  Hough  Wickersham,  Lancaster,  Pa. 

From  Associate  to  Associate  Member 
Edward  Coe  Dilworth,  Pittsburgh,  Pa. 

From  Junior  to  Associate  ]\1ember 
Louis  Evans  Ayres,  Ann  Arbor,  Mich. 
William  Walter  Bigelow,  Springfield,  Mass. 
Josiah  Richardson  Brooks,  Long  Key,  Fla. 
Walter  Louis  DuMoulin,  Morenci,  Ariz. 
Myron  Kendall  Jordan,  Kansas  City,  Kans. 
Harry  Pike  Letton,  Washington,  D.  C. 
Harry  Gordon  Payrow,  Lynn,  Mass. 
Rowland  Grenville  Rice,  Birmingham,  Ala. 
James  Gordon  Steese,  West  Point,  N.  Y. 
Edward  George  Walker,  Hull,  England 
James  Madison  Warner,  Syracuse,  N.  Y. 

The  Secretary  announced  the  following  deaths : 

George  Browne  Post,  of  New  York  City,  elected  Member,  Sep- 
tember 2d,  1896 ;  died  November  28th,  1913. 

Baird  Snyder,  Jr.,  of  Pottsville,  Pa.,  elected  Member,  March  2d, 
1904;  died  July  9th,  1913. 

Orlokf  Lake,  of  Corey,  Ala.,  elected  Junior,  December  1st,  1908; 
died  October  21st,  1913. 

Adjo\irnod. 

December  17th,  1913 — Because  of  tlie  necessity  of  going  to 
press  with  this  number  of  Proceedings  in  advance  of  this  meeting, 
the  publication  of  its  minutes  must  be  deferred  until  January,  1914. 
Two  papers  have  been  set  down  for  discussion:  "Storage  to  be  Pro- 
vided in  Impounding  Reservoirs  for  Municipal  Water  Supply",  by 
Allen  Hazen,  M.  Am.  Soc.  C.  E.;  and  "The  Depreciation  of  Public 
Utility  Properties  as  Affecting  Their  Valuation  and  Fair  Return", 
by  John  W.  Alvord.  M.  Am.  Soc.  C.  E. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

November  1 2th,  1913.  —  President  Swain  In  the  chair;  Chas.  War- 
ren Hunt.  Secretary;  and  present,  also,  Messrs.  Bush,  Edwards,  Endi- 
cott,  Hodge,  Ridgway.  and  Snow. 

Messrs.  Ridffway,  Hodge,  and  Hunt,  were  appointed  as  a  Committee 
to  take  charge  of  the  arrangements  for  the  Annual  Meeting. 

The  resignation  of  one  Associate  Member  was  accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  8  Members,  32  Associate  Members,  20  Juniors,  and  the  transfer 
of  11  Juniors  to  the  grade  of  Associate  Member. 

Eight  Associate  ]\Iembers  were  transferred  to  the  grade  of  Member. 

Applications  were  considered  and  other  routine  biisiness  trans- 
acted. 

Adjourned. 

December  3d,  1913.— The  Board  met  at  3.05  p.  m.;  President 
Swain  in  the  chair;  Chas.  "Warren  Hunt,  Secretary;  and  present,  also, 
Messrs.  Bush,  Churchill,  Clarke,  Edwards,  Endicott,  Gerber,  Leonard, 
and  Ridg^vay. 

Baltimore,  Md.,  was  chosen  as  the  place  for  holding  the  Annual 
Convention  in  1914,  the  time  to  be  decided  later. 

C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  was  appointed  as  one  of  the  Rep- 
resentatives of  this  Society  on  the  General  Committee  of  Manage- 
ment of  the  International  Engineering  Congress,  1915,  to  fill  the 
vacancy  caused  by  the  death  of  the  late  Arthur  L.  Adams,  M.  Am. 
Soc.  C.  E. 

The  Constitution  of  "The  Southern  California  Association  of  Mem- 
bers of  the  American  Society  of  Civil  Engineers",  which  is  to  con- 
sist of  members  of  the  Society  resident  in  or  near  Los  Angeles,  Cal., 
was  approved. 

George  F.  Swain,  President.  Am.  Soc.  C.  E.,  was  appointed  a  mem- 
ber of  the  John  Fritz  Medal  Board  of  Award  to  fill  the  vacancy  on 
January  16th  next,  which  will  be  caused  by  the  retirement  from  that 
Board  of  Onward  Bates,  Past-President,  Am.  Soc.  C.  E. 

The    resignations    of    two    Members,    and    one    Associate    Member 

were  accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
11  Members,  18  Associate  Members,  1  Associate,  and  24  Juniors,  and 
the  transfer  of  11  Juniors  to  the  grade  of  Associate  Member. 

Nine  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  one  Associate  was  transferred  to  the  grade  of  Associate  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 
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ANNOUNCEMENTS 

The   House  of   the   Society   is   open   from    9   A.  M.   to    10   P.   M.^ 

every  day,  except  Sundays,  Fourth  of   July,  Thanltsgiving  Day,  and 

Christmas  Day. 

FUTURE    MEETINGS 

January  7th,  1914.— 8.30  P.  M.— This  will  be  a  regular  business 
meeting.  A  paper  by  A.  H.  Sabin.  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Painting  Structural  Steel:  The  Present  Situation."  will  be  presented 
for  discussion. 

This  paper  was  printed  in  Proceedings  for  November,  1913. 

Wednesday  and  Thursday,  January  21st  and  22d,  191 4. —The 
Sixty-tirst  Annual  Meeting  will  be  held.  The  Business  Meeting  will 
be  called  to  order  at  10  o'clock  on  Wednesday  morning  at  the  Society 
House.  The  Annual  Reports  will  be  presented,  officers  for  the  ensuing 
year  elected,  members  of  the  Nominating  Committee  appointed,  Re- 
ports of  Special  Committees  presented  for  discussion,  and  other  busi- 
ness transacted. 

Arrangements  for  the  Annual  Meeting  have  been  placed  in  the 
hands  of  the  following  committee:  Messrs.  Robert  Ridgway,  Henry 
W.  Hodge,  and  Charles  Warren  Hunt. 

February  4th,  1914. — 8.30  P.  M. — A  regular  business  meeting  will 
be  held,  and  a  paper  by  Edward  Flad,  M.  Am.  Soc.  C.  E.,  entitled  "Re- 
inforced Conci'ete  Reservoir  and  Coagulation  Plant  at  St.  Louis, 
Mo.",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SPECIAL  MEETINGS  FOR  TOPICAL  DISCUSSION 

On  the  two  days  immediately  following  the  Annual  Meeting,  three 
meetings  of  the  Society  will  be  held,  at  which  the  subject  for  discussion 
will  be  "Road  Construction  and  Maintenance." 

The  meetings  will  be  held  as  follows : 

First  Meeting,  Friday,  January  23d,  1914 10  A.  M.— The  follow- 
ing sub-division  of  the  subject  will  be  discussed: 

(1)  "Engineering  Organizations  for  Highway  Work." 

The  opening  discussions  on  this  subject  will  be  by  Samuel  D.  Foster,. 
Assoc.  M.  Am.  Soc.  C.  E.,  and  William  H,  Council,  Assoc.  M.  Am. 
Soc.  C.  E. 

Second  Meeting,  Friday,  January  23d,  1914.— 2  P.  M.— The  follow- 
ing sub-division  of  the  subject  will  be  discussed: 

(2)  "Factors  Limiting  the  Selection  of  Materials  and  of  Methods- 
in  Highway  Construction." 

The  discussion  on  this  subject  will  be  introduced  by  Paul  E.  Green,. 
M.  Am,  Soc.  C.  E. 
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Third  Meeting:,  Saturday,  January  24th,  1914.— 10  A.  M.— Tlic  fol- 
lowing- sub-division  of  the  subject  will  be  discussed: 

(.'3)  "Equipment  and  Methods  for  Maintaining  Bituminous  Sur- 
faces and  Bituminous  l^avemcuts." 

This  to])ie  will  be  introdiu-ed  li.v  W.  B.  Farrinjiton,  M.  Am.  Soc. 
('.    K. 

SPECIAL  COMMITTEE  ON  FLOODS  AND  FLOOD  PREVENTION 

At  the  Society  meeting-  of  ^lay  7th,  1913,  tlie  following  Kesolution 
was  presented: 

"Moved:  That  the  Board  of  Direction  consider  the  matter  of  the 
appointment  of  a  Special  Committee  to  study  the  question  of  Floods, 
Flood  Prevention,  and  other  allied  subjects." 

This  Resolution  was  referred  to  the  Board  of  Direction. 
The  Board  has  appointed  the  following  conunittee : 

Frank  M.  Kerr,  Chairman, 

John  A.  Bensel,  Daniel  W.  ]\[ead, 

T.  G.  Dabney,  John  A.  Ockerson, 

C.  E.  Grunsky,  Arthur  T.  Safford, 

Morris  Knowles,  Charles  Saville, 

J.  B.  Lippincott,  F.  L.  Sellew, 

C.  McD.  Townsend. 

SEARCHES   IN   THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  w^hether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and   December   31st,    1910,   contain   summaries   of   all   searches    made 

to  date. 

PAPERS  AND   DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified  by 
the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL   ASSOCIATIONS  OF   MEMBERS 
OF  THE   AMERICAN    SOCIETY   OF  CIVIL   ENGINEERS 
San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
n  p.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
June,  August,  October  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

*Proceedings,  Vol.  XXXIII,  p.  30  (January,  1907)  ;  Vol.  XXXVII,  p.  28  (January,  1911). 
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Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  tln' 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Roger  W.  Toll,  Assoc.  M.  Am.  Soc.  C.  E.,  700  Tramway 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
infonnal  dinner.  ]\Iembers  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

November  14th,  1913. — The  meeting  was  called  to  order;  President 
Ridgway  in  the  chair;  Roger  W.  Toll,  Secretary;  and  present,  also, 
22  members  and  31  guests. 

The  minutes  of  the  meeting  of  October  11th,  and  of  the  Special 
Meeting  of  November  5th,  1913,  were  read  and  approved. 

The  Report  of  the  Committee  appointed  to  determine  on  the  best 
method  for  the  Association  to  support  the  International  Engineering 
Congress,  was  read  and  adopted,  and  the  Committee  was  discharged. 
The  Treasurer  was  instructed  to  return  the  contributions  which  had 
been  received  for  a  Special  Fund,  and  the  C\inunittee  urged  all  mem- 
bers of  the  Association  to  take  out  membership  in  the  Congress. 

A.  L.  Fellows,  M.  Am.  Soc.  C.  E.,  announced  that  the  Report  of 
the  Cherry  Creek  Flood  Commission  had  been  published  and  that 
copies  of  the  same  were  available. 

A  paper  by  Leonard  Metcalf,  M.  Am.  Soc.  C.  E.,  on  "The  Valuation 
of  Public  Utilities,"  was  presented  by  the  author,  and  a  vote  of  thanks 
was  tendered  to  ^Ir.  Metcalf  for  his  interesting  paper. 

Adjourned. 
Atlanta  Association 

On  >March  llth,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
officers:  Arthur  Pew,  President;  William  A.  Hansell,  Jr.,  Secretary; 
and  ilessrs.  James  N.  Ilazlehurst  and  li.  iM.  Hall,  Members  of  the 
Executive  Committee.  The  Association  will  hold  its  meetings  in  the 
house  of  the  University  Club. 

Philadelphia  Association 

At  its  mooting  of  ,Iuiio  4th,  1913,  the  Board  of  Direction  of  the 
Society  considered  and  ai)proved  the  propo.sed  Constitution  of  the 
Philadelphia  Association  of  Members  of  the  American  Society  of 
Civil  Engineers. 

Portland,  Ore.,  Association 

On  June  ISth,  1913,  the  Portland,  Ore.,  Association  of  Members  of 
the  American  Society  of  Civil  Engineers  was  organized  with  the  fol- 
lowing officers:  E.  G.  Hopson,  President;  W.  S.  Turner,  First  Vice- 
President;  D.  D.  Clarke,  Second  Vice-President;  G.  B.  Hegardt.  Treas- 
urer; and  Cha.rles  J.  McGonigle,  Secretary. 
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(Abstract  of  Minutes  of  Meetings) 

October  27th,  1913^ — At  this  meeting,  R.  G.  Dieck,  M.  Am.  Soc. 
C.  E.,  Commissioner  of  Public  Works,  addressed  the  members  on 
Engineering  Subjects  in  connection  with  the  City  of  Portland. 

Adjourned. 

November  24th,  1913.  — The  subject  for  discussion  at  this  meeting 
was  "Quantity  Surveys".  The  subject  was  introduced  by  George  P. 
Mason,  M.  Am.  Soc.  C.  E.,  and  was  generally  discussed  by  other  mem- 
hex's  present. 

Adjourned. 

Seattle  Association 

On  June  oOth.  1913,  the  Seattle  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized  with  the  following 
officers:  Samuel  H.  Hedges,  President;  Ernest  B.  Hussey,  Vice- 
President;  and  Joseph  Jacobs,  Secretary-Treasurer. 

Southern  California  Association 

At  its  meeting  of  December  3d,  1913,  the  Board  of  Direction  con- 
sidered and  approved  the  proposed  Constitution  of  the  Southern  Cali- 
fornia Association  of  Members  of  the  American  Society  of  Civil  En- 
gineers. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
American  Society  of  Mechanical  Engineers,  29   West  Tliirty-ninth 

Street,  New  York  City. 
Architekten-Verein    zu    Berlin,  Wilhehnstrasse    92,   Berlin    W.    66, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,   Lisbon,  Portugal. 
Australasian  institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont   Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,   117  Ilemsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413    Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn 
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Cleveland  Engineering;  Society,  Chamber  of  Commerce  Building, 
Clevelaud,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk   Ingeniorforening,  Ainaliegade  38,  Copenhagen,  Denmark. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  P\)urth  and  Jefferson  Streets,  Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  Baltimore,  Md. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 
Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street.  West,  Toronto,  Ont., 
Canada. 

Engineers'  Society  of  Northeastern  Pennsylvania,  41.5  Washington 
Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 
Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2.511  Oliver  Building, 
Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
Euijlaud. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  Loudon,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  .321  Hibernia  Bank  Building,  New 
( )rlpans.  La. 

Memphis  Engineering  Society,  Memphis,  Teun. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Slietlield.   En<rland. 

Montana  Society  of  Engineers,   Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Xe\vcastle-ui)on-Tyne,   England. 

Oesterreichischer  ingenieur-  und  Architekten-Verein,  Eschen- 
bachirasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Archltekten-Verein,  Dresden,  Germany. 
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Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civiis   de   France,  19  Rue  Blanche,  Paris, 

France. 
Society    of    Engineers,    17    Victoria    Street,    Westminster,    S.   W., 

London,  England. 
Svenslca    Teknologforeningen,     Bruukebergstorg      18,     Stockholm, 

Sweden. 
Telcnislce  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS    TO   THE    LIBRARY 

(From  November  3d  to  December  1st,  1913) 
DONATIONS* 
SUSPENSION  BRIDGES,  ARCH  RIBS  AND  CANTILEVERS. 

By  Wm.  H.  Burr,  M.  Am.  Soc.  C.  E.  Cloth,  9^  x  6  in.,  illus.,  11  + 
417  pp.  New  York,  John  Wiley  &  Sons,  Inc.;  London,  Chapman  & 
Hall,  Limited,  1913. 

The  author's  aim,  it  is  stated,  has  been  to  give  in  this  volume  a  general  treat- 
ment of  e^ach  main  structure  discussed  and  to  cover,  with  brevity  and  clearness,  all 
desired  or  useful  special  cases  in  one  demonstration.  Such  composite  structures 
as  are  discussed  cannot,  it  is  stated,  be  treated  thoroughly  without  minute  analysis, 
and,  therefore,  the  author  has  put  his  formulas  in  such  shape  as  to  make  them 
applicable  with  the  least  possible  labor,  particularly  by  the  aid  of  the  many  numeri- 
cal tables  included  in  the  text.  These  tables,  it  is  hoped,  will  make  the  book 
which,  it  is  said,  has  been  written  primarily  to  meet  the  author's  needs  in  the 
class-room,  of  use  also  to  the  practicing  engineer.  In  Chapters  IV  and 
V,  the  author  dis.cusses  in  detail  the  two  prominent  methods  of  analysis  for  the 
treatment  of  stiffened  suspension  bridges  in  use  at  present,  namely,  the  method 
of  Least  Work  and  the  method  of  Deflections,  and  states  that,  after  full  considera- 
tion of  both  methods,  the  former  is  at  least  equally  as  accurate  as  the  lat- 
ter, and  that  its  equations  are  simpler  and  more  easily  workable.  The  Contents 
are :  Suspension  Bridges  ;  Statically  Indeterminate  Stiffening  Trusses  ;  Theory  of 
the  Straight  Stiffening  Truss  Based  on  the  Method  of  Deflections  ;  Thermal  Stresses  ; 
Arch  Ribs  Treated  by  Graphical  Methods  ;  The  General  Analytic  Theory  of  Elastic 
Arch  Ribs  According  to  the  Law  of  Least  Work ;  Three-Hinged  Arch  Ilib  ;  Braced 
Spandrel  Arch  ;  Cantilevers  ;  Appendix  I,  Limiting  Spans  and  Depths  of  Stiffening 
Trusses  ;    Appendix    II,    FormuUe    for    Reinforced    Concrete ;    Index. 

LA  RESISTENZA  DELLE  ARTIGLIERIE  : 

Nuovi    Studi    degli    Ingegneri  Leone    Coupaye    e    Pietro    Malaval 

dell'  Artiglieria  Navale  Francese.  Traduzione  e  Prefazione  di  Ettore 

Bravetta,  Capitano  di  Vascello  R.  N.     Paper,  10  x  7  in.,  illus.,  32  + 

262  pp.    Torino,  Carlo  Pasta,  1913,  8  lira.     (Donated  by  Comm.  Ettore 
Bravetta.) 

In  this  volume.  Captain  Bravetta  has  translated  into  Italian  and  brought  together 
in  one  volume,  three  essays  on  the  resistance  of  guns,  two  of  which  are  by  M. 
Leon  Coupaye,  and  one  by  M.  Peter  Malaval,  of  the  French  Naval  Artillery.  The 
first  of  M.  Coupaye's  memoirs,  entitled  "Notes  on  the  Calculation  of  the  Transversal 
Structure  of  Guns,"  relates  to  the  development  of  a  method  for  calculating  the 
resistance  of  guns  based  on  the  limitations  of  the  tangential  expansions,  in  which, 
it  is  stated,  the  author  discusses,  in  a  comprehensive  manner,  the  elastic  limit  to  be 
adopted  for  the  elements  in  each  section.  In  the  second  work,  "Elastic  Deformation 
of  the  Straight  Cylinder;  Guns  with  Purely  Elastic  Deformations,"  M.  Coupaye,  it 
is  stated,  has  developed  the  study  of  the  deformation  of  the  straight  cylinder, 
indicating  the  value  of,  and  the  limits  of  application  of,  the  generic  formulas  now 
used.  He  also  discusses  methods  of  calculations  for  a  gun  with  purely  elastic 
deformations,  proving,  it  is  said,  that  the  elastic  resistance  of  a  gun  is  limited 
by  the  elasticity  of  the  metals  of  which  it  is  composed.  The  third  essay,  by  M. 
Malaval,  relates  to  investigations  and  studies  as  to  the  deformations  of  guns 
beyond  the  elastic  limit  of  the  metal  of  which  they  are  constructed,  in  which  he 
demonstrates,  it  is  stated,  the  possibility  of  constructing  guns  capable  of  support- 
ing enormous  pressures  without  any  resulting  deformations  after  the  piece  returns 
to  a  state  of  repose,  which  method,  it  is  said,  would  result  in  an  economy  in  the 
cost  of  workmanship.  These  essays  and  the  preface  are  stated  to  be  important  con- 
tributions on  the  subject,  and  to  merit  the  study  of  all  land  and  naval  artillery 
officers. 

SOLUTION  OF  RAILROAD  PROBLEMS  BY  THE  SLIDE  RULE. 

By  E.  K.  Carj',  M.  Am.  Soc.  C.  E.  Cloth,  6^  x  4  in.,  illus.,  9  + 
136  pp.  New  York,  D.  Van  Nostrand  Company,  1913.  (Donated  by 
the  Author  and  Publishers.) 

The  object  of  this  book,  as  stated  in  the  preface,  has  been  to  present,  for  the 
convenience  of  those  who  have  studied  railroad  curves  and  the  theory  of  the  slide- 
rule,   an   easy  and   rapid  method  of   solving  problems  in   railroad  curves  by   the   use 

•Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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of  the  slide-rule.  The  Mannheim  slide-rule  has  been  used  in  the  solution  of  these 
problems,  and  in  order  to  make  the  book  of  more  general  interest,  the  author  has 
also  included  a  discussion  of  the  slide-rule,  the  development  of  the  equations  used, 
a  discussion  of  the  easement  curves,  etc.  The  Contents  are :  The  Slide  Rule ; 
Simple  Curves ;  Compound  Curves ;  Vertical  Curves ;  Turnouts ;  The  Easement 
Curve  ;   Earthwork  ;  Problems  ;   Diagrams  ;   Tables. 

COMPRESSED  AIR  PRACTICE. 

By  Frank  Richards.  Cloth,  9|  x  61  in.,  illus.,  9  +  326  pp.  New 
York  and  London,  McGraw-Hill  Book  Company,  Inc.,  1913.     $3.00. 

Twenty  years  ago  the  author,  the  preface  states,  published  a  book  entitled 
"Compressed  Air,"  parts  of  which  are  included  in  the  present  volume.  The 
advances  made  in  the  industrial  status  of  compressed  air  and  the  development  of 
compressed  air  practice  since  that  time  has  made  it  practically  necessary,  it  is 
said,  to  rewrite  the  subject-matter.  As  the  book  deals  with  the  general  rather  than 
the  specific,  and  is  intended  for  the  many  rather  than  the  few,  the  author  has 
included,  it  is  stated,  only  handy  information  for  those  generally  who  may  have 
to  do  with  compressed  air  for  mechanical  and  practical  uses,  its  costs,  etc.,  omitting 
details  but  suggesting  where  such  details  may  be  found.  The  Contents  are:  Atmos- 
pheric Generalities  ;  Definitions  and  General  Information  ;  The  Compressed-Air  Prob- 
lem;  Tables  and  Diagrams  for  Computations  in  Air-Compression;  The  Indicator 
on  the  Air-Compressor ;  Single-Stage  Compre.ssion  ;  Two-Stage  Air  Compression ; 
Two-Stage  and  Three-Stage  Compression  ;  Air  Compressor  Regulating  Devices  ;  The 
Drive  of  the  Compressor ;  The  Turbo  Compressor  ;  The  Taylor  Compressor — 
The  Humphrey  Pump  ;  Power  Cost  of  Compressed  Air ;  Power  from  Compressed 
Air ;  The  Air  Receiver ;  Pipe  Transmission  ;  Re-heating  Compressed  Air ;  Com- 
pressor and  Receiver  Fires  and  Explosions;  Side-Lines  for  the  Air  Compressor; 
Gasoline  by  Compression — Liquefied  Natural  Gas ;  Rock  Drill  Developments ;  The 
Electric  Air  Drill ;  Compressed  Air  for  Raising  Water  ;  The  Air  Lift  ;  Air  for  Large 
Steam  Hammer ;  Diving  Bell  and  Caisson  ;  Air  Jet-Sand  Blast-Cement  Gun  ; 
Liquefied    Air — Oxygen    from    the    Atmosphere ;    Index. 

TELEPHONE  CABLES : 

A  Handbook  of  the  Design,  Construction,  and  Maintenance  of  the 
Telephone  Cable  Plant.  By  J.  C.  ISlippy.  Cloth,  7x4^  in.,  illus., 
18  +  147  pp.     Pittsburgh,  Pa.,  The  Author, -1913.     $2.50. 

The  preface  states  that  this  work  has  been  compiled  with  the  idea  of  providing 
a  handbook  which  would  contain,  in  handy,  ready-reference  form,  the  principal  data 
required  daily  by  engineers  and  others  engaged  in  modern  telephone  caljle-plant 
layout,  installation,  and  maintenance.  The  author  states  that  in  his  endeavor  to 
make  the  book  useful  in  every-day  work,  he  has  omitted  many  features  of  tele- 
phone cable  work  and  applications  which  may  be  found  in  standard  works,  and 
further,  that  the  recommendations  and  costs  contained  herein,  while  representative 
of  the  best  modern  practice,  should  be  followed  with  proper  allowances  for 
local  conditions.  The  Appendix  contains  data  for  lead  covered  dry  core  cable, 
wool  insulated  cable,  rubber  cable,  Okonite  cable,  messenger  wire,  splicer's  outfit, 
etc.,  etc.  The  Chapter  headings  are  :  Cable  Specifications  ;  Cable  Plans  ;  Cable  Con- 
struction ;  Cable  Records ;  Cable  for  Long  Distance  Work  ;  Cable  Inspection  ;  Cable 
Troubles  and  Testing  ;   Cable  Costs  ;   Appendix. 

HENDRICKS'  COMMERCIAL  REGISTER  OF  THE  UNITED  STATES 

For  Btiyers  and  Sellers.  Twenty-second  Annual  Edition.  Cloth, 
lOi  X  7-^  in.,  illus.,  138  -f  1  666  pp.  New  York,  Samuel  E.  Hendricks 
Co.,  1913.     $10.00. 

This  volume,  it  is  stated  in  a  secondary  title,  is  a  complete  and  reliable  annual 
index  devoted  to  the  interests  of  the  architectural,  mechanical,  engineering,  con- 
tracting, electrical,  railroad,  iron,  steel,  hardware,  mining,  mill,  quarrying,  export- 
ing, and  kindred  industries,  and  gives  more  than  350  000  names  and  addresses,  as 
well  as  about  55  000  business  classifications.  It  contains,  it  is  stated,  full  lists 
of  the  manufacturers  of  and  dealers  in  everything  used  in  the  manufacture  of 
materials,  machinery,  and  apparatus  utilized  in  the  above-mentioned  industries 
from  the  raw  material  to  the  manufactured  article,  and  is  said  to  be  indispensable 
as  a  buyer's  reference  and  for  mailing  purposes.  The  contents  are  arranged  alpha- 
betically by  subject,  under  which  are  given,  in  alphabetical  order,  and,  some- 
times, by  States  and  cities,  the  names  and  addresses  of  firms  dealing  in  the  various 
articles,  and  these  are  followed  in  some  cases  by  detailed  matter,  titles  of  identi- 
fication, trade  names,  etc.  There  is  also  an  alphabetical  list  of  advertisers, 
including  the  addresses  of  their  domestic  and  foreign  branches,  a  simplified  dis- 
count sheet  for  the  purchasing  agent,  and  an  index  to  contents  of  138  pages. 
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REINFORCED  CONCRETE  CONSTRUCTION  : 

Volume  II,  Ketaining-  Walls  and  Huiklings;  Prepared  in  the  Ex- 
tension Division  of  tlie  University  of  Wisconsin.  By  George  A.  Hool. 
(Engineering  Education  Scries.)  Cloth,  9^  x  O^  in.,  illus.,  17  +  666 
pp.  Xcw  York  and  London,  McGraw-Hill  Hook  Company,  Inc.,  1913. 
$5.00. 

The  first  volume  of  thi.s  work  treats  of  the  fiitulamental  principles  of  reinforced 
concrete  construction,  and  in  this,  the  second,  volume,  as  stated  in  the  title,  the 
author  discusses  in  detail  the  design  and  construction  of  retaining  walls  and 
buildings,  including  materials,  construction  plant,  estimates,  etc.  Like  the  first 
volume  which,  it  is  said,  has  been  adopted  as  a  textbook  in  a  number  of  technical 
schools,  the  present  work  is  intended  for  the  use  of  students,  but  the  author  hopes 
that  parts  of  it  will  prove  valuable  to  engineers  in  general  practice,  especially  the 
chapters  on  Estimating  and  Construction  Plant,  which  have  been  written  by  Messrs. 
LesUe  H.  Allen  and  A.  W.  Ransome.  respectively.  The  Contents  are  :  Part  I,  Retain- 
ing Walls:  Theory  of  Stability;  Design;  Construction.  Part  II,  Buildings:  Section  1, 
Design  ;  Floors  ;  Types  of  Reinforcement  ;  Roofs  ;  Columns  ;  Foundations  ;  Walls 
and  Partitions  ;  Stairs  ;  Elevator  Shafts  ;  Provision  for  Contraction  and  Expansion  ; 
Shear  and  Moment  Considerations  in  Continuous  Beams  ;  Eccentric-Load  Considera- 
tions in  Columns  ;  Wind  Stresses ;  Design  of  a  Factory  Building ;  Example  of  a 
Building  Design,  Including  the  Specifications.  Section  2,  Construction  :  Materials  ; 
Forms  ;  Bending  and  Placing  of  Reinforcement  ;  Proportioning,  Mixing  and  Placing 
of  Concrete  ;  Finishing  Concrete  Surfaces  ;  Waterproofing  of  Concrete  ;  Construction 
Plant,  by  A.  W.  Ransome.  Section  3,  Estimating,  by  Leslie  H.  Allen  :  Estimating 
Unit  Costs;  Estimating  Quantities;  Example  of  an  Estimate  for  a  Concrete  Build- 
ing ;  Appendix :  Second  Report  of  .Joint  Committee  on  Concrete  and  Reinforced 
Concrete  ;   Index. 

<3ENERAL  SPECIFICATIONS  FOR  CONCRETE  AND  REINFORCED  CONCRETE 

Including  Finishing  and  Waterproofing.     By  Jerome  Cochran,  Juii. 

Am.  See.  C.  E.     Cloth,  9^  x  6  in.,  illus.,  23  -f  274  pp.     New  York,  D. 

Van  Nostrand  Company,  1913.      $2.50. 

In  the  preface  it  is  stated  that  the  author's  sole  purpose  in  this  book  has  been 
to  produce  a  set  of  specifications  which  will  be  of  increasing  influence  toward  good 
concrete  construction.  Many  books  on  the  subject  have  been  written  and  many 
reports  made  by  committees  of  various  technical  societies,  but  the  author  states 
that  as  there  still  remain  divergent  views,  not  only  as  to  the  substance,  but  also 
as  to  the  scope,  form,  and  phraseology  of  such  specifications,  he  hopes  this  book 
may  prove  of  value  to  those  engaged  in  preparing  them.  The  subject-matter  is 
devoted  to  a  detailed  discussion  of  the  design  and  construction  of  works  involving 
the  use  of  concrete  and  reinforced  concrete,  and  at  the  end  of  each  chapter  a 
bibliography  of  specifications  relating  to  the  subject  discussed  in  that  chapter  is 
given,  the  main  object  of  which,  it  is  stated,  is  to  enable  the  student  or  young 
engineer  to  study  the  methods  used  by  others  in  drawing  up  specifications.  The 
Chapter  headings  are:  Concrete  Materials;  Proportioning  and  Mixing  Concrete; 
Forms  and  Centering  ;  Steel  Reinforcement ;  Transporting  and  Placing  of  Concrete  ; 
Finishing  Concrete  Surfaces  ;  Waterproofing  Concrete  Works  ;  Design  of  Reinforced 
Concrete ;  Reinforced  Concrete  Building  Construction  ;  Appendix  A,  Suggested 
Formulas    for    Reinforced    Concrete    Construction  ;    Index. 

MINE  SURVEYING. 

By  Edward  B.  Durluun.  Leather,  7i  x  5  in.,  illus.,  7  +  391  pp. 
New  York  and  London,  McGraw-Hill  Book  Company,  Inc.,  1913.   $3.50. 

The  author  assumes,  it  Is  stated,  that  the  reader  is  familiar  with  the  ordinary 
methods  of  surveying,  and,  therefore,  he  includes,  in  the  first  chapter,  only  so  much 
description  of  general  surveying  metliods  and  equipment  as  will  establish  a  common 
ground  for  further  discussion.  In  discussing  each  division  of  his  subjects,  the 
author  first  gives  the  principles  and  general  methods  of  procedure  which  a  student, 
or  an  engineer  familiar  with  general  surveying,  might  need  in  taking  up  mining 
work,  and  these  are  followed  by  examples  showing  variations  in  practice.  The 
methods  described  for  overcoming  difficulties  in  mine  surveying,  shoiUd  be  useful, 
it  is  said,  to  practicing  engineers  as  guides  in  laying  out  programmes  of  work  for 
particular  problems.  Very  few  of  the  common  surveying  instruments  are  described, 
it  is  stated,  but  descriptions  of  many  special  fittings  are  included,  together  with 
illustrations  and  the  names  of  the  manufacturers.  Numerous  abstracts  from 
articles  on  related  subjects  in  other  publications  are  included  in  the  text,  as  well 
as  references  to  longer  articles.  The  Chapter  headings  are :  General  Surveying 
Methods;   Equipment  for  Underground  Surveying;   Underground  Traversing;  Survey- 
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ine  for  Details  ;  Traverse  Calculations  ;  Maps  and  Projections ;  Special  Mine 
Surveys  •  Special  Problems  in  Mine  Surveying ;  Various  Mine  Surveying  Instru- 
ments;  Steep  Transit  Sights;  Shaft  Plumbing;  Tunnel  Surveys;  Surface  and  Mine 
Models;    Explanatory    Surveys;    Magnetic    Surveys;    Index. 

Gifts  have  also  been  received  from  the  following: 


Academic   Imperiale  des  Sciences.   2   pam. 
Altoona,     Pa.-Board    of    Water    Commrs. 

2    pam. 
Am.   Inst,   of  Chemical  Engrs.      1   pam. 
Am.   Iron  and    Steel    Inst.      1    pam. 
Am.   Telephone  &  Telegraph  Co.    2  bound 

vol. 
Arizona,   Univ.   of.      2   pam. 
Arnold,   B.  J.     2  bound  vol. 
Atlanta,  Ga.-Water-Works   Office.    1    pam. 
Attleborough,  Mass.-Water  Dept.     2   pam. 
Auburn,   Me.-Supt.     of    Water-Works.       2 

pam. 
Auburn, 'N.  Y.-City  Clerk.     3  pam. 
Aurora,   111. -City  Clerk.      3    pam. 
Austin,   Tex. -Water,      Light     and      Power 

Dept.      1  pam. 
Australia-Bureau     of     Census     and     Sta- 
tistics.     1   bound  vol. 
Bakenhus,   R.    B.      1    pam. 
Baltimore   &   Ohio   R.   R.   Co.      2   pam. 
Battle      Creek,      Mich.-Dept.      of      Public 

Works.        2  pam. 
Berkeley,    Cal.-City   Clerk.      3   vol. 
Birmingham,      England-Town      Clerk.      2 

pam. 
Bradford,   Pa. -Water    Commrs.      10    pam. 
Bridgeport,  Conn. -City  Auditor.      1  bound 

vol. 
British    Columbia-Comptroller    of    Water 

Rights.      1    pam. 
Burlington,   Vt. -Water   Dept.      2    pam. 
California-R.  R.  Comm.     1  pam. 
California-State   Board     of     Forestry.       1 

pam. 
California-State  Controller.      4    pam. 
California-State  Forester.      1  vol. 
California-State  Harbor    Commrs.    2    vol. 
California-State  Min.   Bureau.      1   pam. 
Canada-Dept.   of   Mines.      1  vol.,    1   pam. 
Canada-Geol.   Survey.      1  pam. 
Canada-Public  Works  Dept.      6  vol. 
Canadian  Northern   Ry.   Co.      1   pam. 
Chicago,   111. -City  Clerk.      1  pam. 
Chicago,   111. -Civ.   Service  Comm.    2   pam. 
Chicago  &  Eastern   Illinois   R.   R.    Co.      1 

pam. 
Chicago,   Burlington  &   Quincy  R.    R.    Co. 

1    pam. 
Cincinnati,   New  Orleans   &  Texas   Pacific 

Ry.   Co.      1   pam. 
Colorado  &  Southern    Ry.    Co.      1   pam. 
Colorado  Springs,   Colo.-City      Clerk.        3 

pam. 
Concord,  Mass.-Water  and  Sewer  Commrs. 

17    pam. 
Connecticut-State  Forester.      1    pam. 
Connecticut-State  Geol.   and  Natural  His- 
tory Survey.     1  vol. 
Coorg,      India-Chf.      Commr.      of      Public 

Works.      1    pam. 
Council   Bluffs,   Iowa-Auditor.      5   pam. 
Council    Bluffs,    Iowa-Board       of       Water- 
Works  Trustees.      1  pam. 
Covington,    Ky. -Mayor.      1   pam. 
Danzig    Kgl.    Technische    Hochschule.      2 

pam. 
Detroit,   Mich. -Board    of    Water    Commrs. 

1   pam. 


Dingle,  J.  H.     9  bound  vol. 
Dooling,   Peter    J.      1    bound    vol.,    2    vol. 
Dover,   N.    H. -Water- Works.      2    pam. 
Dubuque,   Iowa-City       Water-Works.        6 

pam. 
Elgin,   lU.-Div.     of     Public     Health     and 

Safety.      1   pam. 
Firth,   Joseph.      1  pam. 
Flint,   Mich. -Water  Commrs.     1  pam. 
Florida,   Univ.   of.      1  vol. 
Fort  Wayne,   Ind.-City    Clerk.       2    bound 

vol. 
Franklin,   N.   H. -Water  Commrs.      3  pam. 
Fredericton,   N.  B.-City  Engr.     3  pam. 
Georgia-Geol.    Survey.      1   bound   vol. 
Greenwood,   S.    C. -Water   and    Elec.    Light 

Plant.      2  pam. 
Hamilton,    Ohio-City   Auditor.      3   pam. 
Hannover  Kgl.    Technische   Hochschule.    1 

pam. 
Henderson,   J.    B.      2    bound   vol. 
Illinois-Mine    Rescue    Station    Comm.       1 

bound  vol. 
lUinois-R.    R.    and   Warehouse   Comm.      1 

pam. 
Illinois-Secy,   of  State.      1   pam. 
Indiana-Public   Service  Comm.      1    bound 

vol. 
Indiana-State      Board     of      Forestry.        1 

bound   vol.,    1   pam. 
Institution  of  Elec.   Engrs.      1   pam. 
Iowa-State  Board  of  Health.      3  pam. 
Johnstown,   Pa. -City  Clerk.      2   pam. 
Junior   Inst,   of  Engrs.      1   bound  vol. 
Kalamazoo,   Mich. -City    Clerk.      7    pam. 
Kansas-Public   Utilities   Comm.      1   pam. 
Kansas   State   Agri.   Coll.      1    vol. 
Kansas,    Univ.  of.     1  vol.,  2  pam. 
Kemmann,   G.      2   vol. 
Kentucky-State  Board  of  Health.  4  bound 

vol.,   1  pam. 
Kentucky,   Univ.   of.     2  vol. 
Kingston,  N.  Y. -Board  of  Water  Commrs. 

12   pam. 
Lehigh  &   Hudson   River  Ry.   Co.     1  pam. 
Lexington,   Ky.-City  Clerk.      1    pam. 
Lincoln,    Nebr.-City  Clerk.      4   pam. 
Lorain,   Ohio-City  Clerk.      2    pam. 
Los  Angeles,  Cal.-Dept.  of  Public  Service. 

4  pam. 
Lowell,   Mass. -City    Messenger.      2    bound 

vol. 
Lynn,      Mass. -Commr.      of      Water      and 

Water-Works.      4  pam. 
McKeesport,   Pa. -Water       and        Lighting 

Dept.     4  pam. 
Macon,   Ga. -Board   of   Water   Commrs.      1 

pam. 
Macon,   Ga.-City  Clerk.     1  pam. 
Maine  Soc.  of  Civ.  Engrs.      1  pam. 
Manchester,    England-Cleansing    Dept.      1 

pam. 
Massachusetts-Gas       and       Elec.        Light 

Commrs.       1  vol.,  2  pam. 
Massachusetts-State   Board   of   Health.      2 

pam. 
Massachusetts-State   Forester.       1     bound 

vol. 
Mead,  Charles  A.     1  bound  vol. 
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Mellon   Inst,    of    Industrial    Research.      1 

pam. 
Michigan-State   Board  of  Health.    3  bound 

vol. 
Middletown,   Conn. -Board  of         Water 

Comnirs.      1   pam. 
Minnesota-State   Forester.      2   pam. 
Minnesota,   Univ.  of.      1  pam. 
Missouri,   Univ.    of.      1    pam. 
Montreal,   Que.-Supt.   of   Water-Works.     1 

pam. 
Morgan    Eng.   Co.      1    pam. 
National    Blec.    Light   Assoc.    4  bound  vol. 
National    Fire   Protection   Assoc.      3    pam. 
Nevada-State   Board  of  Health.      2   pam. 
New   Britain,   Conn. -Board        of        Water 

Commrs.      1    pam. 
New  Castle,   Pa. -City  Controller.      2  para. 
New  Hampshire-State    Board    of    Health. 

1  bound   vol. 

New  Hampshire  Coll.   of  Agri.  and  Mech. 

Arts.      2   pam. 
New  Jersey-State    Board    of    Health.      26 

pam. 
New  York  City-Commrs.    of   Accounts.     7 

bound  vol. 
New  York   City-Dept.       of       Finance.       8 

bound   vol. 
New  York  City-Dept.     of    Water    Supply, 

Gas  and  Electricity.      1  pam. 
New  York  City-Mayor.      2    bound   vol.,    2 

pam. 
New  Y'ork   State-Public     Service     Comm., 

Second   Dist.      3   pam. 
New  York-State  Comm.   of   Highways.      1 

bound  vol. 
New  York-State    Conservation    Comm.      1 

bound    vol. 
New   York-State      Factory       Investigating 

Comm.      2    bound    vol. 
New   York-State    Reservation   at   Saratoga 

Springs.     2  pam. 
New   Zealand-Geol.    Survey.      3   vol. 
New  Zealand-Mini.ster  of  Rys.      1  pam. 
Newark.    N.  ,1. -Board  of  Street  and  Water 

Commrs.      1    vol. 
Newton,   Ma.ss. -Water   Commrs.      3   pam. 
Northern    Pacific  Ry.  Co.     1  pam. 
Norwich,   Conn. -Board  of  Water  Commrs. 

13    pam. 
Nova  Scotian   Inst,  of  Science.      1  vol. 
Ober.    R.    H.      1    pam. 
Oklahoma-Geol.   Survey.      1  bound  vol. 
Oklahoma   Agri.   and   Mech.  Coll.      3  pam. 
Oklahoma,   I'niv.  of.      1  vol. 
Ontario,   Canada-Bureau      of      Mines.       2 

bound    vol. 
Ontario,   Canada-Provincial        Board        of 

Health.      1    bound  vol. 
Ontario,   Canada-Registrar-Gen.       1    vol. 
Oregon-Conservation  Comm.      1   pam. 
Oregon-State  Board  of  Health.      1   pam. 
Ottawa,   Ont.-City  Engr.      2  bound  vol.,   4 

pam. 
Panama-Pacific  Inter.  Exposition.   1  pam. 
Perth   Amboy,    N.   J. -City  Clerk.      7   pam. 
Philadelphia.    Pa.-Dept.    of    City    Transit. 

2  bound    vol. 

Philippine  Islands-Rate       Regulation.       1 

pam. 
Portland,  Me. -City      Auditor.        4      bound 

vol.,  21   vol. 


Portland     (Me.)     Water    Dist.       2    bound 

vol. 
Purdue   Univ.      2    vol. 
Queensland-Commr.   of  Rys.      1  pam. 
Rahway,   N.  J.-Supt.  of  Water-Works.      1 

pam, 
Reading,  Pa. -Board  of  Water  Commrs.    1 

bound  vol. 
Royal   Inst,  of  British  Archts.      1  vol. 
Russell   Sage  Foundation.     1  pam. 
Ryon,   Henry.      1  pam. 
St.   Louis,   Mo. -Assessor    and    Collector    of 

Water  Rates.     3  bound  vol.,  2  pam. 
St.   Paul,   Minn. -Board  of  Water  Commrs. 

2  pam. 
St.   Paul,  Minn.-Commr.  of  Public  Works. 

6    pam. 
Salt    Lake    City,    Utah-City    Recorder.      1 

pam. 
Savannah.  Ga. -Mayor.      1   bound  vol. 
Smithsonian   Institution.      2    pam. 
South   Dakota-Free     Library     Comm.       2 

bound  vol. 
South   Dakota,   Univ.   of.      2   vol. 
Spokane,   Wash. -City    Auditor.       3    pam. 
Stamford  Water   Co.      1    pam. 
Stratford,   Ont. -Water    Commrs.      6    pam. 
Sydney,  N.  S.  W.-Harbour  Trust  Commrs. 

1  bound  vol.,  4   pam. 
Tacoma,   Wash. -City    Clerk.       1    pam. 
Texas  Agri.  and  Mech.   Coll.      2  vol. 
Texas.   Univ.   of.      1    vol. 

Toledo.   Peoria    &    Western     Ry.     Co.       1 

pam. 
Toledo,   St.   Louis  &  Western  R.  R.  Co.    1 

para. 
Traveling  Engrs.   Assoc.     1  bound  vol. 
Trenton,   N.    J. -Board   of   Water    Commrs. 

2  bound  vol.,   15  pam. 

U.  S. -Bureau  of  Foreign  and  Domestic 
Commerce.      1   pam. 

U.   S. -Bureau  of  Mines.      7  pam. 

U.   S. -Coast  and  Geodetic  Survey.      1  pam. 

U.  S. -Interstate  Commerce  Comm.  1 
bound    vol. 

U.  S. -Isthmian  Canal  Comm.  1  bound 
vol. 

U.   S.-Lake   Survey.      7    charts. 

U.  S. -Public  Health  and  Marine  Hospi- 
tal Service.      3   bound  vol. 

U.   S. -Surgeon-Gen.      2    pam. 

Utah-State  Board  of  Health.     1  vol. 

Virginia-State  Corporation  Comm.  1 
bound    vol. 

Virginian   Ry.   Co.      1   pam. 

Wabash   R.    R.   Co.      1    pam. 

Wallace,   ,Tohn   F.      12   pam. 

Washington.    Univ.   of.      2    vol. 

Waterloo,    Iowa-City  Clerk.       1     pam. 

Watertown,   N.   Y'.-City   Clerk.      2   pam. 

Wells.   Earl   H.      1   bound   vol. 

West  Virginia-Board   of   Health.      1   pam. 

West   Virginia,   Univ.'  of.      1    vol. 

Western   Maryland   Ry.   Co.      1   pam. 

Western    Ry.    Club.      1   bound   vol. 

Westinghouse  Machine   Co.      1   bound  vol. 

Wheeling,   W.   Va.-City   Clerk.      1   pam. 

Whipple,   George  C.      1   pam. 

Wilmington,   Del. -Water  Dept.       2    pam. 

Wisconsin-Agri.  Exper.  Station.      1   pam. 

Wisconsin-Conservation   Comm.      1    pam. 

Wisconsin.   Univ.   of.    1    vol. 

Wortendyke,   N.  D.      18  pam. 
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Building  Code :  A  Compilation  of  Building  Regulations  Covering 
Every  Phase  of  Municipal  Buildine  Activity  with  Special  Emphasis  on 
Fire  Preventive  Features.  By  F.  W.  Fitzpatrick.  American  School  of 
Correspondence,  Chicago,  1913. 

Cyanide  Practice.  1910  to  1913.  Edited  by  M.  W.  von  Bernewitz. 
Mining  and  Scientific  Press,  San  Francisco  ;  The  Mining  Magazine, 
London,  ltll3. 

Proceedings  of  the  Nineteenth  Annual  Convention  of  the  American 
Society  o^  Municipal  Improvements.  Held  at  Dallas,  Texas,  Novem- 
ber li^th,  13th,  14th,  and  1.5th,  l«ll2.  Williams  &  Wilkins  Company, 
Baltimore,  1!)13. 

Commission  Regulation  of  Public  Utilities :  A  Compilation  and 
Analysis  of  Laws  of  Forty-three  States  and  of  the  Federal  Government 
for  the  Regulation  by  Central  Commissions  of  Railroads  and  Other 
Public  Utilities.     The  National  Civic  Federation,  New  York,  li)13. 

Elastische  Bogentrager,  Einschliesslich  der  Gewolbe,  Eisenbeton- 
bogen  und  Bogenfachwerke,  Ihre  Theorie  und  Berechnung,  mit  zahl- 
reichen  Beispieien  und  Aufgaben  entsprechend  den  Bedurfnissen  der 
Praxis.  Von  Jacob  J.  Weyrauch.  Dritte  vollstiindig  neubearbeitete 
Auflage.     Konrad  Wittwer," Stuttgart,  1911. 

Die  Eisenkonstruktionen  der  lngenieur=liochbauten  :  Ein  Lehrbuch 
zum  (xebrauche  an  Technischen  Ilochschulen  und  in  der  Praxis.  Yon 
Max  Foerster.  Erganzungsband  zum  Handbuch  der  Ingenieurwissen- 
schaften.  Yierte,  verbesserte  und  stark  vermehrte  Autlage.  2  Yol. 
Wilhelm  Engelmanu,  Leipzig,  1909. 

Irrigation  Works:  The  Principles  on  Which  Their  Design  and 
Working  Should  be  Based,  with  Special  Details  Relating  to  Indian 
Canals  and  Some  Proposed  Improvements.  By  E.  S.  Bellasis.  Spon  & 
Chamberlain,  New  York;  E.  A:  F.  N.  Spon,  London,  1913. 

Das  Kabel  im  Bruckenbau.  Yon  F.  Ilohlfeld.  Julius  Springer, 
Berlin,  1913. 

Overhead  Electric  Power  Transmission  Principles  and  Calculations. 

By  Alfred  Still.    McGraw-Hill  Book  Co.,  New  York  and  London,  1913. 

The  Motor  and  the  Dynamo.  By  James  Loring  Arnold.  The 
Chemical  Publishing  Co.,  Easton,  Pa.  ;  Williams  &  Norgate,  London, 
1913. 

Mitteilungen  iiber  Forschungsarbeiten  auf  dem  Gebiete  des  In- 
genieurwesens  insbesondere  aus  den  Laboratorien  der  technischen 
Ilochschulen.  Herausgegeben  vom  Yerein  deutscher  Ingenieure.  Ilefte 
140-142.     Julius  Springer,  Berlin,  1913. 

Leitfaden  zum  Berechnen  und  Entwerfen  von  Luftungs^  und  lieiz- 
unes^-Anlagen:  Ein  Hand-  und  Lehrbuch  fiir  Ingenieure  und  Archi- 
tekten.  Yon  H.  Rietschel  unter  Mitwirkung  von  K.  Brabbde.  Fiinfte, 
neubearbeitete  Auflage.     2  Yol.     Julius  Springer,  Berlin,  1913. 
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Die  Entstehung  des  Dleselmotors.  \'o\\  liudolf  Diesel.  Julius 
Springer,  IJerliii,  r.il."). 

The    Year=Book    of    Wireless    Telegraphy    and    Telephony,    I9i3« 

Marconi  Press  Agency.  Ltd.     The  St.  Catherine  Press,  London. 

Die  Bergwerksmaschlnen.  Yon  Hans  Bansen.  Erster  Band,  Das 
Tiefhohrwesen,  von  Arthur  Gerke  und  Leo  Ilerwegen  ;  Zweiter  Band, 
Gewinnnnffsniaschinen.  von  Arthur  Gerke  and  otliers.  Julius  Springer. 
Berlin.  l<»i-2. 

Rules  of  Management,  with  Practical  Instructions  on  Machine 
Building.  IJyAVilliani  Lodge.  McGraw-Hill  Book  Co.,  Inc.,  Xew  York 
and  London.  I!ll3.  ,    .^,..,,; 

Der  Stadtische  Tiefbau.  Yon  E.  Schmitt.  Band  4,  Die  Versorgung 
der  Stadte  niit  Leuchtgas.  von  Moritz  Niemann.  Arnold  Bergstrasser, 
Stuttgart. 

SUMMARY  OF  ACCESSIONS 

(From  November  4th  to  December  1st,  1913) 

Donations  ( including  3S  duplicates  ) o41 

By  purchase 23 

Total o()4 
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ADDITIONS 

(From   November   7th   to  December  4th,    1913) 

MEMBERS  Date  of 

Membership. 
Allison,  William  Franklin.    Cons.  Civ.  and  |    Assoc.  M.     Oct.       4,  1910 

San.  Engr.,  1761  Alder  St.,  Eugene,  Ore.  ^   M.  Oct.        1,  1913 

)    Jun.  Dec.       2,  1902 

Belcher,    Wallace    Edward.     71    Broadway,  /    ^^^^^    ^      j^^^      3^  ^9^3 

Room  710,  New  York  City ^   ^  g^p^       3    ^^^3 

Claflin,  William  Bement.     West  Redding,  Conn Nov.  12,  1913 

CoMPTON,   Ruel  Keith.    Chairman  and  Cons.   Engr.,   Pav- 
ing Comm.,  207  City  Hall,  Baltimore,  Md Nov.  12,   1913 

Davis,  George  Henry.    (Ford,  Bacon  &  Davis),  115  Broad- 
way,   New   York    City Nov.  12,  1913 

Ely,  John  Stanton.     Asst.  Engr.,  Bureau  of  ^    Assoc.  M.  Mar.  2,  1904 

Water,  City  Hall,  Philadelphia,  Pa \  M.  Oct.  1,  1913 

Feild,  Hubbard  Moylan.     Contr.  for  Constr.  of  Ry.  Lines 
of  the  United  Fruit  Co.  in  Panama,  Bocas  del  Toro, 

Panama Oct.  1,   1913 

FooTE,  Arthur  Burling.     Supt.,   North    Star  )    Assoc.  M.  Mar.  1,  1905 

Mines  Co.,  Grass  Valley,  Cal f   M.  Nov.  12,   1913 

Gregory,    Alfred    Cookman.      Engr.,    Sewers  ) 

J    TTT  i         nnT    T)  11  A  rr.  f    Assoc.  M.     Juue      5,   190/ 

and    Water,    907    Bellevue    Ave.,    Tren-  ' 


,          ,.     T  I    M.  Nov.     12,  1913 

ton,    N.    J 1  ' 

GuTTRiDGE,  James  Addison.    Asst.  Engr.,  New  York  Board 

of  Water  Supply,  Brown  Station,  N.  Y Nov.     12,  1913 

Knight.    Joseph    Marr.     Local    de    la    Empresa    de    los 

Estudios,   Puerto   de  la   Coronilla,   Departamento  de 

Rocha,    Uruguay Feb.       4,   1913 

LaBach,   Paul  Mayer.    Asst.   Engr.,   C,   R.   I.  &  P.   Ry., 

and  Cons.  Engr.,  Lakewood  St.  Ry.,  803  La  Salle  St. 

Station,   Chicago,   111 Nov.     12,   1913 

Link,  John  William.    Hydr.  Engr.,  H.  M.  Byllesby  &  Co., 

441   Insurance  Exchange  Bldg.,  Chicago,  111 Nov.     12,   1913 

Martin,    Daniel    Howard.     Div.    Engr.,    Pitts.    &    Shaw- 

mut  R.  R.,  Brookville,  Pa Nov.     12,   1913 

Meyer,  Adolph  Frederick.     Cons.  Engr.,  1000  )    Assoc.  M.     Jan.     31,  1911 

Germania  Life  Bldg.,   St.  Paul,  Minn..   [    M.  Nov.     12,  1913 

Rust,    Henry    Preston.      Prin.    Asst.    Engr.,  ) 

Viele,   Blackwell   &   Buck,   49   Wall    St.,  I  ^""°«-  ^-     ^"^^     ^^'  ^^^^ 


New   York   City ^    M-  ^^-^  l'^"   ^^l^J 

Saunders,  Walter  Bowen.    Res.  Engr..  Coon  ]     ,           ,,  ^  ,^,„ 

T>      •  1     -r.         c      TT    TIT    T.  11     u      <.    r.       f    Assoc.  M.  Jan.  4,   1910 

Rapids  Dam,  for  H.  M.  Byllesby  &  Co.,  V  ,,  ^^  ,„    ,,,,„ 

.      ,         ,^.                             -^         ■'                 CM.  Nov.  12.  1913 

Anoka,    Minn ) 

Steere,  Edmund  Job.     Commr.,  Public  Bldgs.  Dept.,   City 

Hall,   Providence,   R.    I Oct.  1.   1913 
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Assoc.  M. 
M. 


MEMBERS  ( Continued ) 
Stubblefield,  Garfield.  Cons.  Engr.  (Whist- 
ler &  Stubblefield),  Room  23,  U.  S. 
National  Bank  Bldg.,  Portland,  Ore.. 
Taylor,  John.  Supt.  and  Director,  Ottawa 
Contractors,  Ltd.,  Harbor  Impvt.,  Ham- 
ilton,   Ont.,    Canada 

ToEXNiGES,    Ferdinand    Emil.     5700    Second    Ave.,    Pitts- 


M. 


Date  of 
Membership. 


Nov. 
Nov. 


Assoc.  M.     May 


Nov. 


6,  1907 
12,   1913 

2,  1911 
12,   1913 


burgh.    Pa June      4,   1913 


associate  memdeks 


Bell,    Harry    Walton.     Commr.    of    Public    Works,    Lau- 
rel,   Miss 

Benedict,  Ralph   Robert.     Engr.   of  Constr., 


Nov.     12,  1913 


Board    of    Park    Commrs.     (Res.,    3547 


Jun. 
Assoc.  M. 


Paseo ) ,  Kansas  City,  Mo 

BuRDETT,  Owen  Long.  Asst.  Engr.,  Dept.  of  New  York 
State  Engr.  and  Suiw.,  756  Ashland  Ave.,  Buffalo, 
N.    Y 

Cleary,  Alfred  John.  Asst.  Engr.,  Bureau  of  Eng.-,  Dept. 
of  Public  Works;  Prof,  of  Civ.  Eng.,  St.  Ignatius 
Univ..  2839  Webster  St.,  San  Francisco,  Cal 

Colgan,  Charles  Judson.  Asst.  Engr.,  Public  Service 
Comm.  of  Washington,   Olympia,   Wash 

Eason,  Frank  Gary.     Drainage  Engr.,  U.   S. 


May 

Nov. 


Dept.    of    Agri.,    Room    12,    Post    Office 


Jun. 


Nov. 
July 


Assoc.  M.     Nov. 


Bldg.,  Charleston,   S.   C 

Faucette,    William    Dollison.     Chf.    Engr.,  ^    Jun. 

Seaboard  A.  L.  Ry.,  Portsmouth,  Va  ■  ■  •    C   Assoc.  M. 
Gardner,  Harry  Carter.    Estimator  and  De- 


signer, Lewis  F.  Shoemaker  &  Co.,   554 


Jun. 

Assoc.  M. 


High    St.,    Pottstown,    Pa 

Harding,  Ralph  Lyman.  Div.  Engr.,  Manila  R.  R.,  Manila, 
Philippine    Islands 

HiNMAN.    Leroy    Race.     Vice-Pres.    and   Mgr.,   T 

The  Hinman  Hydr.  Mfg.  Co.;   Vice-Pres.    ]    Jun. 
and  Mgr.,  The  Vulcan  Iron  Works   Co.,    |"  Assoc.  M. 
P.   O.    Box   1346,   Denver,    Colo J 

Holly,  Jesse  Blaine.  677  Monadnock  Bldg.,  San  Fran- 
cisco,   Cal 

HoYNCK,  Leo  Adolph.  Designer  and  Supt.  of  Constr.,  Rein- 
forced Concrete,  for  Geo.  R.  Wadleigh,  3951  Ashland 
Ave.,  St.  Louis,  Mo 

Huff,  Charles  Clayton.  Draftsman,  U.  S.  Engr.  Office. 
732  Central  Bldg.,  Los  Angeles,  Cal 

Hurdle,    Reginald    Truman.     Surv.,    Dawson   f   Jun. 

County,  Box  546,  Glendive,  Mont [  Assoc.  M. 


Jan. 
May 

July 
Nov. 


Feb. 
Nov. 


Oct. 


28,   1912 
12,   1913 


Nov.     12,   1913 


Sept.      3,   1913 


12,   1913 

9,   1912 
12,  1913 

6,  1903 

7,  1913 

1,   1909 
12,   1913 


Sept.      3,  1913 


5,   1907 
12,   1913 


1,  1913 


Nov. 

12. 

1913 

Nov. 

12, 

1913 

Oct. 

1. 

1907 

Nov. 

12. 

1913 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 

KiKKPATKicK,    George    Dallas    Dixon.      P.    O.    Box    1101, 

Salt  Lake  City.   Utah Nov.     12,  1913 

Mamiard,  Edward.     Secy,  and  Engr.,   Rock   Island   Bridge 

&  Iron  Works,  Rock  Island,  111 Nov.     12,   1913 

Masters,  Frank  Milton.     With  Modjeski  &  Angier,    101 

Park  Ave.,  New  York  City Nov.     12,   1913 

Maxwell,   Wayne  Dickson.     County   Engr.,   Sac   County, 

Sac    City,    Iowa , Nov.     12,   1913 

Morrison.  Christopher  George.     Dist.  Engr.."^ 

Pangasinan     Dist..     Bureau     of     Public  1    Jun.  Oct.        5,   1909 

Works,    Lingayen,    Pangasinan.    Philip-   f  Assoc.  M.     Oct.        1,  1913 

pine    Islands J 

Moses.  Carroll.    1370  Moss  St.,  New  Orleans,  La Nov.     12,   1913 

O'DoNNELL,  John  Aloysius.    Asst.  Civ.  Engr..  Dept.,  State 

Engr.  and  Surv..  Barge  Canal  OlTice,  Albany,  N.  Y.      Nov.     12,   1913 
OTIara,  Michael  Joseph.     Supt.   of   Public   Works,   City 

Hall,  Hudson,  N.  Y June      4,   1913 

Pinner,  Guy'.     Asst.  Engr.,  Herbert  C.  Keitli,   110  Nassau 

St.,    New    York   City Nov.     12,   1913 

Smith,  Herbert  Yates.     Asst.  Engr.  and  Supt.  of  Constr., 

Atlantic   Constr.   &   Supply    Co..    Box    054,    Atlantic 

City,   N,    J Nov.     12,   1913 

Stalnaker,  Russell  Howard.     Prin.  Asst.  to  Div.  Engr., 

Div.  II,  California  Highway  Comm.,  Redding,  Cal .  .      Nov.     12,  1913 
Todd,  Clarence  Lionel.     Contr.  Engr.,  Des  Moines  Bridge 

&  Iron  Co.,  800  Curry  Bldg.,  Pittsburgh,  Pa Oct.        1,   1913 

Toll,  Roger  Wolcott.     Asst.  Engr..  The  Den-  "\    , 

„.,       ™                   r.        -nn    rp  /    J^^-  Oct.        5,   1909 

ver    City   Traniwav    Co..    (00    Traniwav   v    .  ,,      -.^  ,^    ,„,„ 

„,  ,        i,               „  •,                                      •     r  Assoc.  M.     Nov.     12,  1913 
Bldg.,    Denver,    Colo \ 

ToMLiNSON,  Everett  Franklin.     Engr. -Contr.     (Wilson  & 

Tonilinson),  220  Devonshire  St..  Boston.  Mass Oct.        1,   1913 

^VARNER,  Elwin  Streeter.    Town  Engr.,  Greenfield,  Mass..      Oct.        1,  1913 

Wild,  Edward  Charles.    Care.  Morgan  Eng.  Co.,  Goodwyn 

Inst.    Bldg.,    Memphis,    Tenn June      4,  1913 

Winchester,  Thomas  Harrison.    Engr.,  Stone  )   ^  ,,  -    -.^^r. 

o    TT.  ,    ,       ^        ,.             ..         r,    .   ,.         I  Jun.  May  4,   1909 

&  Webster  Eng.  Corporation,  Ob  Arlmg-    v  .             n..^  ^t  ■■-.     -.^m  ■, 

-r^,     ^,            ,^                                             f  Assoc.  M.  Nov.  12,   1913 

ton  PI.,  Macon,  Ga i 

WoDRiCH,  Oscar  Frederick.     Engr.  and  Builder    (Wodrich 

&   Son),    525   Metropolitan   Life    Bldg.,    Minneapolis, 

Minn July       2,   1913 

juniors 
I'.owEN,  Edward  Withers.    With  Wilbur  J.  Watson  &  Co., 

Commercial    National    Bank    Bldg.,    Charlotte.    N.    C.     Nov.     12,   1913 
Downing,  Carl  E.     Asst.  Engr.,  Belzoni  Drainage  Comm., 

Citizens  Bank  &  Trust  Co.  Bldg.,  Belzoni,  Miss Oct.        1,   1913 
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JUNIORS    (Continued)  Date  of 

Membership. 
T>UBFEE.    Joseph    Jay.     Draftsman    and    Cost    Computer, 

Smith,  Hauser,  Locher  &  Co.,  25  West  42d  St.    (Res., 

123   Vermilye  Ave.),  New  York  City Nov.     12,  1913 

GooDFEixow,  James  Gordon.  Asgt.  Engr.,  Lyttelton  Har- 
bour Board,  Engr.'s  Office,  Lyttelton,  New  Zealand..      Sept.      3,   1913 

Hopw^N,  Harold  Joseph.  Care,  U.  S.  S.  Choctaw,  1311  Lig- 
gett Bldg.,  St.  Louis,  Mo July       2,  1913 

James,    Robert    Lane.      Asst.    Prof.,    Drawing,    Univ.    of 

North  Carolina,  P.  O.  Box  267,  Chapel  Hill,  N.  C.      Nov.     12,   1913 

Kelly,  John  Arthur.    Whitney,  N.  C June      4,  1913 

Peek,  Jesse  Hope.     1421  Arch  St.,  Philadelphia,  Pa Nov.     12,  1913 

Piper,  Harry  Paul,  Jr.  Room  22,  Blood  Bldg.,  Amster- 
dam,  N.   Y Nov.     12,  1913 

RuGGLES,  William  Walker.     4518  Sixteenth  Ave.,  N.  E., 

Seattle,    Wash June      4,   1913 


RESIGNATION 

associate   MEMBER       •  i>„^**^  P-^ 

Resignation. 
Hayes,    Charles    Edward Nov.     12,  1913 


DEATHS 

Bandy,  James  Marcus.  Elected  Associate  Member,  February  4th,  1903; 
date  of  death  unknown. 

Lake,  Orloff.  Elected  Junior,  December  1st,  1908;  died  October  21st, 
1913. 

Melliss,  David  Ernest.  Elected  Member,  October  2d,  1895;  died  March, 
1913. 

Post,  George  Browne.  Elected  Member,  September  2d,  1896;  died  Novem- 
ber 28th,   1913. 

Snyder,  Baird,  Jr.     Elected  Member,  March  2d,   1904;  died  July  9th,  1913. 

ZiFFEB,  Emanuel  Alois.  Elected  Member,  June  7th,  1893;  died  October 
27th.  1913. 


Total  Membership  of  the  Society,  December  4th,  1913, 

7  255- 
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MONTHLY    LIST  OF   RECENT  ENQINEERINQ   ARTICLES  OF 

INTEREST 

(November  4th  to  December  1st,  1913) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(1 

(2 

(3 

,    (4 

(5 
(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

(14 

(15 

(16 

(17 

(18 

(19 

(20 
(21 

(22 

(23 

(24 

(25 

(26 

(27 


Journal,  Assoc.  Bng.  Soc,  Boston, 
Mass.,    30c. 

Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia,   Pa..   50c. 

Journal.  Western  Soc.  of  Engrs., 
Chicago,    111.,    50c. 

Transactions,  Can.  Soc.  C.  B., 
Montreal,   Que.,   Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheits  Ingenieur,  Miinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,   N.    J.,   50c. 

Enrjineering  Magazine,  New  York 
City,    25c. 

Cassier's  Magazine,  New  York  City, 
25c. 

Engineerina  (London),  W.  H. 
Wiley,   New   York   City,   25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,   35c. 

Engineerina  Neivs,  New  York  City, 
15c. 

Engineering  Record,  New  York 
City,  10c. 

Railway  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City,   10c. 

Railway  and  Engineering  Review, 
Chicago,  111.,   15c. 

Scientific  American  Supplement, 
New  York  City,  10c. 

Iro7i  Age,  New  York  City,  20c. 

Railtvay  Engineer,  London,  Eng- 
land, Is.  2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don,  England,  6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York  City,  10c. 

Railway  Age  Gazette.  Mechanical 
Edition,   New  York  ^City,  20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 


Journal,  New  England  Water- 
Works   Assoc,   Boston,   Mass.,    $1. 

Journal,  Royal  Society  of  Arts, 
London,  England,  6d. 

Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annates  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,  Belgium,  4  fr. 

M&moires  et  Compte  Rendu  des 
Travaux,  Soc.  •  Ing.  Civ.  de 
France,    Paris,    France. 

Le  Genie  Civil,  Paris,  France,  1  fr. 

Portefeuille  Economiques  des  Ma- 
chines, Paris,  France. 

Nouvelles  Annales  de  la  Coiistruc- 
tion,  Paris,  France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generate  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,  0,   70m. 

Zentralblatt  der  Bauverwaltung, 
Berlin,   Germany,  60  pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,   $1. 

Annales  des  Pouts  et  Chaussees, 
Paris,    France. 

Journal,  Military  Service  Institu- 
tion. Governors  Island,  New  York 
Harbor,    50c. 

Colliery  Engineer,  Scranton,  Pa.,  25c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60m. 

Zeitschrift  fiir  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia,   25  kop. 

Zeitschrift,  Oesterreichischer  In- 
genieur und  Architekten  Vereines, 
Vienna,    Austria,    70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York   City,   $12. 
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(55)  Transactions,  Am.   Soc.    M.    E.,   New 

York  City,  $10. 

(56)  Transactions,        Am.        Inst.        Min. 

Engrs.,   New  York  City,   ,$6. 

(57)  Colliery     Guardian,     London,     Eng- 

land,   5d. 

(58)  Proceedings,    Engrs.'    Soc.    W.    Pa., 

2511     Oliver     Bldg.,     Pittsburgh, 
Pa.,    50c. 

(59)  Proceedings,        American        Water- 

Works  Assoc,  Troy,  N.  Y. 

(60)  Municipal       Engineering,        Indian- 

apolis, Ind.,  25c. 

(61)  Proceedinas,        Western         Railway 

Club,   225   Dearborn  St.,   Chicago, 
111.,  25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburgh,    Pa.,    10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.   E., 

London,    England. 

(64)  Poicer,   New   York   City,   5c. 

(65)  Official      Proceedinqs.      New      York 

Railroad    Club,    Brooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   6d. 

(67)  Cement      and     Enpineering      News, 

Chicago,    111.,    25c. 

(68)  Mining    Journal,    London,    England, 

6d. 

(69)  Der  Eiscnbau,  Leipzig,    Germany. 

(71)  Journal,   Iron  and   Steel   Inst.,   Lon- 

don,  England. 
(71a)    Carnegie      Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  A7ne7-ican      Machinist,      New      York 

City,   15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,     Inst,      of     Min.      and 

Metal.,    London,    England. 

(75)  Proceedings.    Inst,   of   Mech.    Engrs., 

London.    England. 

(76)  Brick,  Chicago,    111.,    10c. 

(77)  Journal.     Inst.    Elec.     Engrs.,     Lon- 

don,   England,    5s. 

(78)  Beton   und   Eisen,   Vienna,    Austria, 

1,   50m. 

(79)  Forscherarbeiten,   Vienna,   Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  filr  Architektur  und  In- 

genieurwesen,     Wiesbaden,      Ger- 
many. 

(82)  Mining     and     Engineering      World, 

Chicago,    111.,    10c. 


(83)  Gas  Age,  New  York  City,  15c. 

(84)  Le   Ciment,   Paris,   France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

(86)  Engineeriyig-Contracting,       Chicago, 

111.,  10c. 

(87)  Railicay    Engineering    and    Mainte- 

nance of  Way,  Chicago,   III.,  10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress     Assoc,     Brussels,     Bel- 
gium. 

(89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,  Philadelphia,   Pa.,   $5. 

(90)  T7-ansactions,        Inst.        of        Naval 

Archts.,    London,   England. 

(91)  Transactions,     Soc.      Naval     Archts. 

and    Marine    Engrs.,     New     York 
City. 

(92)  Bulletin,        Soc.        d'Encouragement 

pour  rindustrie  Nationale,   Paris, 
France. 

(93)  Revue        de        Metallurgic,        Paris, 

France,    4   fr.    50. 

(94)  The   Boiler  Maker,  New   York   City, 

10c. 

(95)  International     Marine    Engineering, 

New    York    City,    20c. 

(96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    10c. 

(98)  Jovrnal,    Engrs.    Soc.    Pa.,    Harris- 

burg,   Pa.,   30c. 

(99)  Proceedings,   Am.    Soc.  of  Municipal 

Improvements,     New    York    City, 
$2. 

(100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.    A.,    Washington, 
D.    C,   50c. 

(101)  Metal  Worker,  New  York  City,  10c. 

(102)  Organ     fiir     die     Fortschritte     des 

Eisenbahnwesens,  Wiesbaden, 

Germany. 

(103)  Mining    and   Scientific   Press,    San 

Francisco,  Cal.,    10c. 

(104)  The    Surveyor   and   Municipal    and 

County    Engineer,    London,    Eng- 
land, 6d. 

(105)  Metallurgical    and    Chemical    En- 

gineering, New  York  City,  25c. 

( 106)  Transactions,  Inst,  of  Min.  Engrs., 

London,  England,  6s. 

(107)  ScMccizerische  Bauzeitung,  Zurich, 

Switzerland. 

(108)  Southern  Machinery,  Atlanta,   Ga., 

10c. 


LIST  OF  ARTICLES 

Bridges. 

Fire   Resistance  Coating  for  Timber  Bridges.      (Report  of  Committee  of  the  Am.  Ry. 

Bridge  and   Bldg.  Assoc.)       (87)      Nov. 
Partial    Failure    of    a    Light    Highway    Bridge.*      F.    Tisslngton.      (13)      Nov.    6. 
Shifting  the  Girders  and  Columns  of  the  Chicago  Elevated  Railway.*      (13)      Nov.  6. 
A    Gravity    Concrete-Depositing    Plant,    Fallsway    Viaduct,    Baltimore.     Md.*      (13) 

Nov.    6. 
Results   of   Experiments   to   Determine   the    Internal   Temperature   Range   in    Concrete 

Arch    Bridges.*      C.    S.    Nichols   and    C.    B.    McCullough.      (Abstract    of    Bulletin 

No.    30.    Eng.    Exper.    Station,    Iowa    State   Coll.    of    Agrl.    and    Mechanic    Arts.) 

(86)      Nov.    12. 
To   Get   Long   Life   from   Untreated   Timber   in   Trestles.      (14)      Nov.    15. 
Track   Elevation   at    Piqua,    Ohio.*      (14)      Nov.    15. 
A  Long  Concrete  Viaduct,   Cincinnati.      (86)      Nov.    19. 
New    Pontoon    Bridge   over   the    Golden    Horn    at    Constantinople.*      F.    C     Coleman 

(13)      Nov.    20. 


♦Illustrated. 
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Biidges—iContinued). 

Dridging  the  Bosphorus  and  the  Golden  Horn  at  Constantinople.*  H.  G.  Tyrrell. 
(13)      Nov.   20. 

Statical  Analysis  of  Reinforced  Concrete  Arch  Bridge.*  V.  J.  Elmont.  (96) 
Nov.    20. 

Failure  of  a  Small  Highway  Bridge  by  Breaking  of  a  Timber  Ten.sion  Chord.*  (13) 
Nov.    20. 

Methods   for  the   Inspection   of   Bridges.      (15)      Nov.    21. 

Concrete    Pile    Specifications    (Point    Bridge,    Pittsburgh).      (14)      Nov.    22. 

Bridges  in  Relation  to  the  Hudson  River.  G.  F.  Kuiiz.  (From  Annual  Report  of 
the  Am.   Science  and   Historic   Preservation   Soc.)       (19)      Nov.   29. 

Progress  of  Tunkhannock  Viaduct  Construction  on  D.,  L.  &  W.  Relocation.*  (14> 
Nov.    29. 

Constructions  en  Fonte  Revetue  de  Beton  Frette,  Systeme  von  Emperger,  Applica- 
tions   aux    Ponts    en    Arc*      (33)      Oct.    25. 

Schiefe    Dreigelenkbogenbriicken    aus    Eisenbeton.*      Walter    Nakonz.      (49)      Ft.    10. 

Die  aeue  Kaiser-Wilhelm-Briicke  in   Trier.*      Schilling.      (40>      Oct.   18. 

Electrical. 

The    Efficiency    of    the    Polyphase     Induction     Motor     from     the     Current      (Circle) 

Diagram  ;    Together  with  an   Equation   Connecting  the  Output  and   Input  of  the 

General   Electric  Circuit.*      J.   S.   Nicholson.      (77)      Oct. 
New    Alternating-Current    Compensation    Apparatus    for    Telephonic    Measurements.* 

A.    K.    Erlang.      (77)      Oct. 
Time-Limit   Elements.*      H.   R.   Constantine.      (77)      Oct. 

The    Phasing-Out    of    Alternating-Current    Apparatus.*      J.    Hacking.      (77)      Oct. 
Low   and    Mixed   Pressure  Turbine   Plant.*      C.    H.    Goulden.      (77)      Oct. 
The   Heating  and   Cooling  of   Electrical   Machinery.*      P.   Grice.      (77)      Oct. 
Winding   of   Electrical    Machinery.*      A.   T.    Robertson.      (77)      Oct. 
Individual    Electric    Drive    in    Modern    Weaving    Sheds.*       S.    N.    C.    K.    Whitehead. 

(77)      Oct. 
Application   of   Mechanical    Devices  to   the  Assistance  of   Manual   Operating   in   Tele- 
phone  Exchanges.*      W.    Slingo.      (77)      Oct. 
Application   of   Wireless   Telegraphy   to  Time   Signals.      G.    A.   Ferrie.      (77)      Oct. 
Petro-Electric   Motor  Vehicles.      J.    B.   G.   Damoiseau.      (77)      Oct. 
The    Transmission    of    Electrical     Energy     by     Continuous    Current     on    the     Series 

System.*      J.    S.    Highfield.      (77)      Oct. 
Electric  Transmission  of  Energy  by  Alternating  Currents  at  Very   High  Pressures.* 

Maurice   Leblanc.      (77)      Oct. 
Central  Power  Station  Working.      G.   M.  Robertson.      (Abstract  of  paper  read  before 

the  South   African    Inst,    of   Engrs.)       (47)      Oct.    31. 
Tests   on    Induction    Motors   Designed   with   Deep    Rotor   Slots.*      L.    D.   Jones.      (Ab- 
stract   from    General   Electric   Revieiv.)       (73)      Oct.    31. 
The  Municipal  Lighting  Plant  at  Seattle,   Wash.*      J.   D.   Ross.      (60)      Nov. 
Hydro-Electric    Power   in    Mexico.*      W.    D.    Hornaday.      (82)      Nov.    1. 
The  2.5  000-Kw.  Turbine  for  Fisk  Street.*      (64)      Serial  beginning  Nov.   4. 
The  Kathode-Ray  Oscillograph  and   Its  Uses.      H.   H.   Broughton.      (73)      Nov.   7. 
Compensated   Alternating  Current   Generators.*      (12)      Nov.    7. 
100  000-Volt  Transmission  into  Bombay,  India.*      (27)      Nov.  8. 
A  Norwegian   Hydro-Electric  Plant.*      (26)      Nov.   14. 

Electric   Power   from   Fuel   at   Mines.*      Geo.   E.    Edwards.      (82)      Nov.   15. 
Hydroelectric   Development  on  the  Tennessee   River.*      (27)      Nov.   15. 
Industrial   Lighting  by   Incandescent  Lamps.*      (27)      Nov.    15. 
Effective   Resistance   and   Reactance.*      Waldo   V.    Lyon.      (27)      Nov.    15. 
Comparison    of    Lead-Sulphuric    and    Edison    Types    of    Storage    Battery.*      Eugene 

Cster.      (64)      Nov.    18. 
Notes    on    Electric    Furnaces,    with    Special     Reference    to    an    Induction    Furnace. 

W.    Glucksman.      (Paper  read   before  the  South  African   Inst,   of  Elec.   Engrs.) 

(96)      Nov.    20. 
A   Method    of    Predetermining   the   Effect   of   Field    Distortion    in    Continuous-Current 

Generators.      Alfred    Hay.      (73)      Nov.    21. 
The    Audion-Detector    and    Amplifier.*      Lee    De    Forest.      (Paper    read    before    the 

Inst,    of    Radio    Engrs.)       (73)      Nov.    21. 
Progress    of     Drum     Development     of     Pacific    Gas    &     Electric     Company.*      F.     G. 

Mudgett.       (27)       Nov.    22. 
Combined  Synchronous  and  Induction   Motor  Loads.      H.  L.  Wallau.      (27)      Nov.  22. 
South    Yuba- Bear    River    Power    Development.*      J.    P.    Jollyman.       (14)       Nov.    22. 
A   Radical    Improvement   in   Cabling.*      Herbert  T.    Wade.       (46)       Nov.   22. 
Elverum    Hydroelectric    Development.*       (14)      Nov.    22. 
Condition    of    Experimental    Telegraph    Poles,    Treated    and    Untreated,    after    Eight 

Years    Service.*      C.    H.    Teesdalc.      (13)      Nov.    27. 
New  Turbine   Installation   at   Little   Rock,   Ark.*      (27)      Nov.   29. 
Armature     Mmf.     Relations     in     Synchronous     Machines.*      J.     H.     Morecroft.      (27) 

Nov.    29. 


*  Illustrated. 
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Electrical— (Continued) . 

Ueber  den  Elnfluss  von  Kompensationsdrosselspulen  auf  die  Betrlebsverhaltnlsse  in 
Hochspanuungs-Kabelleitungen.      J.    Kilhle.      (41)      June    26. 

Technlsche  Einrichtung  und  Betrieb  der  neuen  Fernsprechvermittlungsstelle 
"Wilhelm"  in  Charlottenburg  b.  Berlin.*  K.  Buttler.  (41)  Serial  beginning 
June  2t).  , 

Die   Herstellung    moderner   Metallfadenlampen.      Otto    Ruff.      (48)      Oct.    11. 

Erdungen   zur  Erreichung  eines   hoheu   Schutzwertes.*      S.   Ruppel.      (41)      Oct.   23. 

Ein  neues  Verfahren  zur  Loschung  des  elektrlschen  Lichtbogeris  und  seine  Auwendung 
aut   Schalter   und   Unterbrecher.*      W.    Burstyn.      (41)      Oct.    23. 

Eine  Selbsterregererscheinung  bel  elnem  Drehstrom-Rlehenschluss-Kollektormotor 
mit   seclis  Biirsten.*      Scherbius  und  C.    E.   Sonnenschein.      (41)      Oct.   23. 

Die  Nutzbarmachung  der  Wasserkrafte  der  oberen  Rhone  fUr  elektrlsche  Energie- 
iibertragung  nach   Paris.*      (41)      Oct.    23. 

Selbsttatiger  und  handbedienter  Fernsprechbetrieb.  Victor  J.  Baumann.  (41) 
Nov.    6. 

Theorie  der  dielektrischen  Nachwirkung.*      Karl  Willy  Wagner.      (41)      Nov.   6. 

Die  Wiihleranzahl  in  automatischen  Fernsprechamtern,  ein  theoretische  Unter- 
suchung. •      P.    V.    Christensen.      (41)      Nov.    13. 

Hltzbestandige   Elektromagnetspulen.*      B.    Duschnitz.      (41)      Nov.    20. 

Selbsterreguns;  gesattigter  Mehrphasen-Kollektor-Reihenschlussmaschinen.*  A.  Scher- 
bius.     (41)      Nov.    21. 

Marine. 

On  the  Maximum  Dimension  of  Ships.     William  H.  White.      (91)      Vol.  19. 

The  Raising  of  the  Dry-Dock  Dewey.*      L.   S.  Adams.      (91)      Vol.  19. 

Economy   in   the  Use  of  Oil   as  Fuel   for  Harbor   Vessels.*      C.   A.   McAllister.      (91) 

Vol.    19. 
The     Best     Arrangement     for     Combined     Reciprocating     and     Turbine     Engines     on 

Steamships.*      G.    W.    Dickie.      (91)      Vol.    19. 
The    Parsons    Marine    Steam    Turbine    and    Its    Application    to    Various    Classes    of 

Vessels.*      E.   H.    B.   Anderson.      (91)      Vol.    19. 
Heavy-Oil   Engines   for   Marine    Propulsion.*      G.   C.    Davison.      (91)      Vol.    19. 
Automatic    Record     of     Propeller    Action     in     an     Electrically      Propelled     Vessel.* 

W.    L.    R.    Emmet.      (91)      Vol.    19. 
Ship    Calculations;     Derivation    and    Analysis    of    Methods.*      T.    G.    Roberts.      (91) 

Vol.    19. 
Some    Model    Basin    Investigations   of   the    Influence    of    Form    of    Ships    Upon    Their 

Resistance.*      D.   W.   Taylor.      (91)      Vol.    19. 
The    Resistance    of    Some    Merchant    Ship    Types    in    Shallow    Water.*      Herbert    C. 

Sadler.      (91)      Vol.    19. 
Experiments  on  the  Froude.*      C.  H.  Peabody.      (91)      Vol.  19. 

The  Effect  of  Waves  Upon  a  Taffrall   Log.*      Harold  A.   Everett.      (91)      Vol.   19. 
Notes  on  Life-Saving  Appliances.*      W.   D.   Forbes.      (91)      Vol.    20. 
The    Preservation    of    Metals    Used    in    Marine    Construction.     Frank    Lyon.      (91) 

Vol.  20. 
An    Electrically    Propelled    Fireproof    Passenger    Steamer.*      William    T.     Donnelly 

and   George  A.   Orrok.      (91)      Vol.   20. 
Active   Type  of   Stabilizing   Gyro.*      Elmer   A.    Sperry.      (91)      Vol.    20. 
Notes  on   Fuel   Economy   as    Influenced   by    Ship   Design.*      E.   H.    Rigg.      (91)      Vol. 

20. 
Developments  in  Oil  Burning.*      E.  H.  Peabody.      (91)      Vol.  20. 
The  Sperry  Gyro-Compass  in  Service.*      R.   E.   Gillmor.      (91)      Vol.   20. 
Experiments  on  the  Fulton  and  the  Froude.*      C.  H.   Peabody.      (91)      Vol.  20. 
The    Design    and    New    Construction    Division    of    the    Bureau    of    Construction    and 

Repair  of  the   Navy   Department.*      R.   H.    Robinson.      (91)      Vol.   20. 
Engineering   Progress   in   the   U.    S.    Navy.*      C.   W.    Dyson.      (91)      Vol.    20. 
Rudder  Trials  U.  S.  S.  Sterett.*      R.  T.  Hanson  and  J.  C.  Hunsaker.      (91)      Vol.  20. 
Logarithmic    Speed-Power    Diagram.*      Thomas    M.    Gunn.      (91)      Vol.    20. 
Tool   Steel   for  the  United  States   Navy.*      Lewis   Hobart   Kenney.      (91)      Vol.   20. 
A  New  Mounting  for  Big  Naval  Guns.*      (12)      Oct.  31. 
The  Fried.  Krupp  Germania  Ship  Building  Yard,  Kiel.*      (11)      Nov.  7. 
The    Fire    Control    Platform    of    a    United    States    Battleship.      J.    Bernard    Walker. 

(46)      Nov.    8. 
The  H.  M.  S.  Benhow ;  A  Twenty-Five  Years  Retrospect.      (11)      Nov.  14. 
Connecticut  State  Steamship  Terminals.      (86)      Nov.   19. 
Steam  Propelling  Machinery  for  Small  Vessels.*      (11)      Nov.  21. 
The  Greatest  Side-Wheel  Steamer  Afloat,  the  Seeandbee.*      (46)      Nov.  29. 
La  Question  des  Docks  Flottants.*      H.  Chaumonot.      (92)      Aug. 
Les   Paquebots   Paul-Lecat  et  Andre-Lebon  de   la  Compagnie  des   Messageries   Mari- 

times.*      Gownfet.      (33)      Nov.    15. 
Ueber   die   Verwendung   von    Schleppkatzen    und    Spillen    helm    Verholen    der   Schiffe.* 

Moller.      (40)      Oct.    15. 


•Illustrated. 
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Marine— « Continued  ) . 

G.    Seebeck    A.    G.,    Sehift'sworft,     Maschinenfabrik    iind    Kesselschmiede    in    Geeste- 

munde.*      Fr.    Muller.      (48)      Oct.    18. 
Die      Beaiispnichung    diT    Bescbaufelung     von      Schiffsturbinen      durch     dynamische 

Wirkungon     und     ihre     Beziehungen     zum     Sctiaufelsalat.*      Schumacher.      (48) 

Oct.     KS. 

Mechanical. 

Some  Applications  of  the  Principles  of  Naval  Ar(hite<ture  to  Aeronautics.*      William 

McEntee.      (91)      Vol.    19. 
Neon   Lighting.      Georges  Claude.      (77)      Oct. 
Spherical    Balloons.*      R.    H.    Upson.      (8)      Oct. 
Depreciation  ;    Estimated    and    Actual.      Alex.    C.    Humphreys.      (Paper    read    before 

the    Institution    of    Gas    Engrs.)       (8)      Oct. 
The    Development    of    the    Use    of    Gas    for    Industrial    Purposes.      H.    M.    Thornton. 

(Paper   read  before  the   British   Commercial   Gas   Assoc.)       (66)      Oct.    28. 
Aeronautics.*      J.    E.    Petavel.       (29)       Serial   beginning   Oct.    31. 
Large    Prime    Movers    and    Boilers    for    Power    Houses.*      E.    Kilburn    Scott,    A.    M. 

Inst.   C.    E.      (Paper   read   before   the   National   Assoc,   of   Colliery   Mgrs.)       (22) 

Oct.    31. 
Modern    By-Product   Coking.*      G.   S.   Cooper.      (Paper   read   before  the   Junior   Insti- 
tution  of  Engrs.)      (57)      Oct.   31. 
Machine    Tools     for     the     Production    of    Worm     Gears.*      (12)      Serial      beginning 

Oct.    31. 
A    Design    for    a    Portland    Cement    Plant    with    a    Car    System     for    Transporting 

Materials.*      C.    J.    Tomlinson.      (67)      Nov. 
Dynamo    Electric   Lighting   for   Motor   Cars.      Alfred   E.    Waller.      (42)      Nov. 
Advantages    of    Clutch    Type    Generator    and    Separate    Starting    and    Lighting    Units 

for    Motor    Cars.*      Alexander   Churchward.      (42)      Nov. 
Electrical   Equipment  of   Gasoline   Automobiles.*      Frank   Conrad.      (42)      Nov. 
Symposium  of  the  Automobile  Motor.*      J.   B.   Entz.      (From  Transactions,  Cleveland 

Eng.  Soc.)       (108)       Nov. 
The    Abatement    of    Locomotive    Smoke.      D.    F.    Crawford.      (Paper    read    before    the 

Inter.  Soc.  for  the  Prevention  of  Smoke.)       (18)      Nov.  1. 
Herringbone   Gears    for   Steel    Mills.*      P.    C.    Day.      (Abstract   of   paper    read    before 

the  Iron   and  Steel  Elec.   Engrs.)       (62)      Nov.   3. 
Oil   Gas.*      L.    B.    Jones.      (Paper    read   before  the    Pacific   Coast   Gas   Assoc.)       (24) 

Nov.   3. 
The  Continuous  Kiln.   How  to  Increase  Daily  Capacity   100   per  cent.*     William   A. 

Butler.      (76)      Nov.    4. 
.A    Manufacturer's   Hydraulic   Laboratory.*      P.    A.    Bancel.      (13)      Nov.    6. 
Handling   Materials   by    Bucket   Carriers.*      Reginald   Trautschold.      (96)      Nov.    6. 
The    33  .'lOO-Hp.     British-Built    Steam    Turbine    of    the    Commonwealth    Edison     Co., 

Chicago.*      (13)      Nov.    6. 
A   Cableway   for  Railway   Lumber  Cars.*      M.   M.   Cooke.      (13)      Nov.   6. 
Empirical     Design      of      Stationary      Gas-Engine     Pistons.*      G.      W.      Lewis.      (72) 

Nov.    6. 
Heat-Treated   Gears   in    Machine    Tools.*      Andrew    C.    Gleason.      (Paper    read    before 

the  National  Machine  Tool  Builders'  Assoc.)       (72)    Nov.  13;    (20)    Nov.  6. 
Some   Boiler    Defects   and   Their   Causes.*      F.    W.    Sisson.      (Abstract   of   pajjer    read 

before  the  Nottingham   Eng.    Soc.)       (47)      Nov.   7. 
Motor  Car  Show  at  Olympia.*      (12)    Nov.   7;    (11)    Oct.  31. 

Boiler  and   Economiser   Efficiency   and  Design.      Robert    H.   Smith.      (12)      Nov.    7. 
Solving  the  Fuel   Problem  for  the  Motor  Truck.*      Harold   Whiting  Slauson.      (From 

Machinery.)       (19)      Nov.     8. 
Ball     Bearings;     Their      Construction      and      Application.*      F.      H.      Poor.      (From 

Machinery.)       (19)      Nov.    8. 
Liquid   Purification   of  Coal   Gas.*      James   G.   O'Neill.      (Paper   read   before  the  Am. 

Gas    Inst.)       (24)    Nov.    10;    (83)    Dec.    1. 
Standards  of  Qualitv  and   Pressure  of  Oil   Gas.      W.   H.   Papst.      (Paper   read   before 

the  Pacific  Coast  Gas  Assoc.)       (24)    Nov.    10;    (83)    Dec.   1. 
Best  Vacuum  with   a  Cooling  Tower.*      Paul   A.    Bancel.      (64)      Nov.    11. 
Steam  Regenerative  Accumulators.*      H.   Fothergill.      (64)      Nov.   11. 
Gas   Supply  to  Outlying  Villages.*      W.   M.   Valon.      (Paper  read  before  the  Midland 

Assoc,   of   Gas   Engrs.    and    Mgrs.)       (66)       No\ .    11. 
The    Gas-Fire.*      Harold    Hartley.      (Paper    read    before     the    Junior    Gas    Assoc.) 

(66)      Nov.    11. 
Improved  Management  and  Reduction  of  Construction  and  Operation  Costs  Following 

Introduction    of    Automobiles    in    the    San    Francisco    Gas    Distribution    Depart- 
ment.     D.    E.    Keppelmaiin.      (Paper   read   before   the   Pacific    Coast  Gas   Assoc.) 

(86)     Nov.    12;     (83)     Nov.    15. 
The   Insulation   of  Furnaces.*      Chas.   R.   Darling.      (11)      Nov.   14. 
7  OOd-Kilowatt    Steam-Turbine    at   the    Tramway    Power-Station,    Sydney,    N.    S.    W.* 

(11)      Nov.    14. 

*Illu.strated. 
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IVIechanical     (Continued). 

Coal  Washing,  Coke  and   Hy-Product  Plant   at  Uaruch.*      (57)      Nov.  14. 

Steam    noiler    Working    in    Eleitrieal    Power    Stations.      J.    W.    Jackson.      (Abstract 

of    paper    read    at   Newcastle.)       (7.?)       Nov.    14. 
Powdered    Coal    as    Fuel.      W.    S.    Quigley.      (Paper    read    before    the    Am.    Foundry- 
men's    Assoc.)       (18)       Nov.    10. 
The   Behavior  of  Water  In   Holder  Cups   and  Tanks.*      Herbert  W.   Alrlch.      (Paper 

read   before   the   Am.    Gas   Inst.)       (24)      Nov.   17. 
A    Survey    of    the    Gas-Flre    Position.     H.    James    Yates.      (Paper    read    before    the 

Manchester  and   District  Junior  Gas   Assoc.)      (66)      Nov.   18. 
Carbonization   of  Coal   In   Vertical   Retorts.     O.   B.    Evans.      (Paper   read   before   the 

Am.    Gas    Inst.)       (66)      Nov.    18. 
Platbush  Gas-Electric  Station.*      Charles  H.   Bromley.      (64)      Nov.   18. 
A   Cableway   with    Side-Swinging   Towers.*      (13)      Nov.    20. 
A  System  for  Storing  and  Handling  Inflammable  Liquids.*      (13)      Nov.   20. 
Carbonization    of    Shafting.*       Jay    G.    Weiss.        (Abstract   of   paper    read    before   the 

National   Machine   Tool   Builders   Assoc.)       (72)      Nov.    20 
The   Adoption    of   Fuel    Oil.*      (96)      Nov.    20. 
Heat  Treated  Gears  in   Machine  Tools.*      J.   Heber  Parker.      (Paper   read   before  the 

.National    .Machine   Tool    Builders    Assoc.)       (20)      Nov.    20. 
Skip-Hoists.*      Reginald  Trautschold.      (96)      Nov.   20. 
The  Lackawanna  Frog  and   Switch  Shops.*      (IS)      Nov.   21. 
The    German    Aeroplane    Motor    Competition.*     W.    Landahn.      (From    the    Marinc- 

Rmuischau.)      (12)      Serial   beginning   Nov.    21. 
The   Stability   of  Gyroscopic   Single  Track  Vehicles.*      H.   Cousins,   A.   M.    Inst  C.   E. 

(11)      Serial    beginning   Nov.    21. 
Heavy    Oil    as    Fuel    for    Internal    Combustion    Engines.      Irving    C.    Allen.      (From 

Industi-ial  Engineering  and   Engineering  Digest.)       (19)      Nov.    22. 
Steam  Flow  Meters.      Irving  B.   Terry.      (Paper  read  before  the  Ohio  Soc.   of  Mech., 

Elec.    and    Steam    Engrs.)       (62)      Nov.    24. 
Automatic   Furnace   Hoists   at   Monessen,    Pa.*      (20)      Nov.    27. 
On   the   Relative  Value  of  Foundry   Flour  with   Simple   Methods  of   Testing.*      G.    S. 

Evans.      (Paper    read   before   the   Am.    Foundrymen's   Assoc.)       (62)      Dec.    1. 
Gas     Rates.     Alten     S.     Miller.      (Paper    read     before    the    Am.     Gas     Inst.)      (83) 

Dec.    1. 
Armure    h    Lames    pour    le    Sclage    des    Pierres    de    Taille.*      A.    Nachtergal.      (34) 

Nov. 
Four  Continu  pour  la  Cuisson  des  Chaux  et  Ciments.*      (35)      Nov. 
Moteurs    Diesels-Carels    de    2  200    Chevaux    et    de    1  000    Chevaux.*      Ch.    Dantin. 

(33)      Nov.    8. 
Le     Programme     de     I'Epreuve     d'Endurance    des     Carnlous     Militaires     pour     1914. 

D.    Duaner.      (33)      Nov.    8. 
Les  V6hicules   Industriels  au  Salon  de  I'Automoblle.*      D.  Duaner.      (33)      Nov.    15. 
Ueber    Treibole.*     E.     J.     Constam     and     P.      Schlapfer.      (48)      Serial      beginning 

Sept.    20. 
Die  Forderanlagen   der  Spelcherel-   und   Spedltions-A-G.   Dresden-Riesa.*     W.    Spiel- 

vogel.      (48)      Sept.    20. 
Neue  Kaskaden-Motoren,   Bauart  Sandycroft-Hunt.*      A.   Rlcker.      (48)      Sept.   20. 
Zeichnerische      Ermittlung      von       Stufenradergetrieben.*      Rudolf      Langner.      (48) 

Sept.   27. 
Schmauchen  mit  Luft.     H.  Sochse.      (80)      Oct.  16. 
Das   Stahlwerk   Julienhiitte   und    das   Elektrostahlwerk    Baildonhiitte.*      (50)      Serial 

beginning   Oct.    23.  ^  ,  ^„, 

Die    neuesten    Fortschritte    deutscher    Helling-Forderanlagen.*      Otto    Lienau.      (48) 

Oct.  25. 
Versuche  ilber  den  Wirkungsgrad   von  Seilen.*      H.    Bonte.      (48)      Oct.   25. 
Die  Entwicklung  der  Oerlikon-Dampfturbine.*      J.   Karrer.      (48)      Oct.   28. 
Ueber  neuere  Trockenkammern  mit  besonderer  Beriicksichtigung  der  Amerikanischen.* 

Eugen    Munk.      (50)      Oct.    30. 
Hochbau-Montagen.*     Joester.      (69)      Nov.  ..      ^^     „     , 

Selbstkostenermittlung   bei    elektrischen    Kraftanlagen    auf   Huttenwerken.*      D.    Paul 

Schoenfeld.      (50)      Nov.    6.  .,,....„       ttt-   ,    ,  -.o, 

Berechnung     eines     Maschinenkellers     aus      Eisenbeton.*     H.      Winkelmann.      (78) 

Nov     7 
Zur  Beurteilung  der  Bone-Schnabel-Kessel.     G.   Neumann.      (50)      Nov.    20. 

Metallurgical. 

The  Herreshoff   Roasting  Furnace.*      (103)      Nov.   1. 

The   Open-Hearth   Furnaces   at   Midland,    Pa.*      (20)      Nov.    6. 

The    Metals   and   Alloys   Used    In    Engineering    Practice.      George   Hailstone.      (Paper 

read  before  the  Handsworth   Bug.   Soc.)       (47)      Nov.    7. 
Influence  of   Phosphorus  on   Some  Copper-Aluminum   Alloys.*      A.    A.    Read.      (Paper 

read   before  the   Inst,    of   Metals.)      (47)      Nov.    7. 
Lead,  Zinc  and  Copper  Smelting  in  America.*      (16)      Serial  beginning  Nov.  8. 

•Illustrated. 
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Metallurgical— (Continued). 

An  Excursion  to  North  American  Smelting  Works.    Ferdinand  Heberlein.    (Paper  read 

before  the  Gest-llschaft  deutscber  Metallbutten  und  Bergleute.)      (103)      Nov.  8. 
The  Treatment  of  lilast  Furnace  Flue  Dust.      Eugene  B.  Clark.      (Paper  read  before 

the  Am.   Iron  and  Steel  Assoc.)       (20)      Nov.  13. 
Zinc   Smelting   in   the   Electric   Furnace.*      Woolsey   McA.   Johnson.      (16)      Nov.    22. 
Witherbee-Sherman   No.   .'?   Magnetic   Mill.*      S.   L.   Nason.      (16)      Nov.   22. 
Foundry     Experiences    with     Semi-Steel     Mixtures.      R.     Hastings     Probert.      (Paper 

read  before  the  Ohio  Mech.,   Elec.  and  Steam  Engrs.)       (62)      Nov.  24. 
Du    R61e    de    I'Arsenic    dans    les    Cuivres    Industriels.*      P.    Jolibois    ct    P.    Thomas. 

( 93 )      Nov. 
Recherches  sur  les  Alliages  de  Manganese  et  d' Argent.*      G.   Arrivaut.      (93)      Nov. 
I'eber  neuere  Verfahren   zur  Erzielen  dichter  Flu.sseisenblocke.*      C.   Canaris.      (50) 

Nov.    13. 
Ueber     die     Wirtschaftlichkeit     von     Hochofenbegichtungsanlagen.      F.     Lilge.      tSO) 

Serial   beginning   Nov.    13. 

jyiining. 

Removal  of  a   Shaft-Pillar  at   South  Kirby   Colliery.*      Charles   Snow.      (Paper   read 

before    the    Midland    Inst,    of    Min.,    Civ.    and    Mech.    Engrs.)       (106)      Vol.    46, 

Pt.    1. 
The    Coal-Fields    and    the    Coal-Industry    of     Eastern     Canada.*      Francis     William 

Grav.      (Paper  read   before   the  Midland   Inst,    of   Min.,    Civ.    and   Mech.    Engrs.) 

(106)     Vol.    46,    Pt.    1. 
Examples    of    the    Use    of    Concrete    at    Collieries.*      .John    Gregory.      (Paper    read 

before  the  North  Staffordshire  Inst,  of  Min.   and  Mech.  Engrs.)       (106)    Vol.  46, 

Pt.    1. 
Notes   on    Coal   Mining   in   the   United   States  of   America,    with   Special    Reference   to 

the   Treatment   of   Coal-Dust,    and    Haulage    by    Electric    Locomotives.*      Samuel 

Dean.      (Paper    read    before    the    North    of    England    Inst,    of    Min.    and    Mech. 

Engrs.)       (106)       Vol.    46,    Pt.    1. 
The    Comparative     Inflammability    of    Mixtures    of     Pit-Gas     and     Air,     Ignited    by 

Momentary    Electric    Arcs.      W.    M.    Thornton.      (Paper    read    before    the    North 

of  England   Inst,  of  Min.   and  Mech.   Engrs.)       (106)      Vol.   46,   Pt.   1. 
Lead    Mines    and    Works   of   the   Vieille    Montagne    Zinc    Company.      (106)      Vol.    46. 

Pt.    1. 
Miners'    Nystagmus    and    Its    Effect    on    Vision.      J.    Court.      (Paper    read    before    the 

Midland  Inst,  of  Min.,   Civ.   and   Mech.   Engrs.)       (106)      Vol.   46,   Pt.   1. 
Electric-Winding  Plant  at  South  Kenmuir  Colliery.*      Willoughby  M.   Dunn.     (Paper 

read  before  the  Midland  Inst,  of  Min.,  Civ.  and  Mech.  Engrs.)       (106)      Vol.  46, 

Pt.    1. 
Mine    Fires    and    the    Application    of    Oxygen    Breathing    Apparatus    to    Their    Direct 

Attack.      Edwin    M.    Chance.      (98)      Sept. 
The   Sinking   and   Lining   of   Shafts.*      Francis    Donaldson.      (2)      Oct. 
French    Coaldust    Experiments    at    Commentry.*      J.    Taffanel.      (57)      Oct.    31. 
Mine    Humidification.*      Dwight    Gerber.      (45)      Nov. 

The    Cementation    Process    for    Sinking    Shafts.      Sydney    F.    Walker.      (45)      Nov. 
Ventilation   of  the   .Mines   of  the   Rand.      G.   H.    Blenkinsop.      (Paper  read  before  the 

Chemical,  Metallurgical  and  Min.  Soc.  of  South  Africa.)       (68)      Nov.  1. 
A  Free  Piston  Gasoline  Rock  Drill.*      (13)      Nov.  6. 
Electrical    Plant   at   the  Aberpergwm   Collieries.*      (22)      Nov.    7. 
Advantages  of  Oval  over  Circular  Pipes  for  Hydraulic  Gob  Stowing.      O.  Putz.      (22) 

Nov.    7. 
A  Novel   Firedamp    Indicator.*      F.   Ilabcr.      (Paper  read  before  the  Kaiser-Wilhelm- 

Institut.)       (57)      Nov.    7. 
The  Magnetite  Mines  near  Port  Henry.  N.  Y.*      L.  O.  Kellogg.      (16)      Nov.  8. 
Resoiling  After  Dredging  in  California.*     G.  L.  Hurst.      (103)      Nov.   8. 
Steel    Ore   Passes    at   Broken   Hill.      John    M.    Bridge.      (Paper   read    before  the   Aus- 
tralian Inst,  of  Min.  Engrs.)       (103)      Nov.   1.5. 
The    Tangshan    Colliery,     North     China.*      H.     Chatley     and    H.     T.     Wright.      (12) 

Nov.    21. 
Electric   Winding   Engines    for   Colliery.*      (57)      Nov.    21. 
The  Fire  at  the  Caddcr  Colliery.*      Henry  Cunynghame.      (57)      Nov.   21. 
Ashington    and    Ellington    Collieries*      J.    J.    Hall    and    F.    L.    Booth.      (22)      Serial 

beginning   Nov.   21. 
Stoping  Methods  at  the  North  Star  Mine.*      L.  O.   Kellogg.      (16)      Nov.   29. 
Laying   Out   Cananea    Underground    Curves.*      A.    Carr   Harris.      (16)      Nov.    29. 

iV\lscelIaneous. 

The    Relation    of    the    Engineer   to    Public    Improvements.      John    A.    Bensel,    M.    Am. 

Soc.    C.    E.      (Paper    read    before    the    Clarkson    School    of    Technology.)      (8) 

Oct. 
Cooperation    among   Engineering    Societies.     Ralph    D.    Mershon.      (4)      Oct. 
Engineering  as  a   Profession.     Walter  J.  Francis.      (96)      Nov.    6. 

•Illustrated. 


Dci-fml..'r,  l!l  I.S.I       CIKHKNT    ENOlX  EKKl  NC     l.ri'HK.iTUR  E  813 

Miscellaneous— iContinued ). 

The  Panama-Pacific  Exposition.*      A.  H.  Markwart.      (13)      Serial  beginning  Nov.  6. 
Provincial   Public  Works  Organization  of  the  Philippine  Islands  and  Its  Engineering 

Por.sonnel.*      (13)      Nov.    13. 
Some    General    Principles    Applicable     to      Public      Construction      Contracts.      (13) 

Nov.    20. 
Some   Phases   of   the   Illumination    of   Interiors.*      Preston    S.    Miller.      (Paper    read 

before  the  Illuminating  Eng.   Soc.)      (19)      Nov.   22. 
Die  Kennzeichnung  der  Farbe  des  Lichtes.*     L.   Bloch.      (41)      Nov.   13. 

Manicipal. 

Some    .\Kpects    of    the    Road    Question.*      William    Calder.      (Paper    read    before    the 

Farmers'  Convention.)       (104)      Oct.  31. 
Brick    Paving   for   Country   Roads.*     Vernon    M.    Peirce    and   Charles   H.    Moorefield. 

(9)    Nov.;    (96)    Nov.    20. 
Reinforced    Concrete    Paving    at    Port    Huron,    Mich.*     Earle    R.    Whitmore.      (67) 

Nov. 
Gravel    and   Stone   Qualities,   Tests   and   Selections.*      A.    T.    Goldbeck.      (Paper   read 

before  the   Am.    Road  Congress.)       (67)      Nov. 
A   New   Automatic   Fire   Alarm.*      F.    A.    Fitzgerald.      (3)      Nov. 
Development    and    Maintenance    of    Highvsrays    in    Allegheny    County,    Pennsylvania.* 

John     S.     Gillespie.      (Paper     read    before    the     Am.     Highway     Assoc.)      (60) 

Nov. 
Detroit's    Municipal   Asphalt    Plant.*      H.    B.    Pullar.      (60)      Nov. 
Concrete   Roads,   an   Article   Based   Upon   Two   Separate   Reports.*      Frank  F.    Rogers 

and   P.    E.    Green.      (60)      Nov. 
Top   Dressing  for  Concrete   Pavements   in   Grand   Haven,   Mich.      W.   J.   Sherman   Co. 

(36)      Nov. 
Legal     Suggestions     Respecting     Road     Contracts.     William     Law     Bowman.      (36) 

Nov. 
A  City   Ruilt  to  Order,   Construction  Work   Planned   and   in   Progress   for  the   Indus- 
trial   City    of   Kincaid,    Illinois.*      (86)      Nov.    5. 
The    Protection    and    Upkeep    of    Road    Equipment.      Daniel    J.    Haner.      (Paper    read 

before   the   Am.    Road   Congress.)       (96)      Nov.    6. 
Tar-Macadam    Road    Construction    and    Cost    at    Bridlington.*      Ernest    R.    Matthews, 

Assoc.    M.    Inst.   C.   E.      (11)      Nov.    7. 
Earth  and   Sand  Clay  Roads.*      (From  Bulletin  Jf7,  Office  of  Public  Roads.)      (19) 

Nov.    8. 
Paved    Roads    and    Road-Laying   Machinery.*      (From   Bulletin   47,   OfiBce    of    Public 

Roads.)       (19)      Nov.    8. 
Tar  for  Roads.*      C.  H.  Webb.      (Paper  read  before  the  Midland  Gas  Assoc.)       (66) 

Nov.    11. 
Value    of    the    Fixed    Carbon    Test    (as    Applied    to    Bituminous    Materials).      H.    B. 

Pullar.      (96)      Nov.    13. 
Discussion    on    Concrete   Roads.     A.    N.    Johnson.      (96)      Nov.    13. 
New  York  State  Road  Organization.     George  C.  Diehl,  Harold   Parker,  and  William 

DeH.   Washington.      (13)      Nov.    13. 
Care  of   Streets   in   Chicago.      (14)      Nov.   15. 
Pavement   Construction   with  Bricks   Laid   Flatwise  or  with   the   Fiber   in   a.  Vertical 

Position.      James    T.    Tucker.      (86)      Nov.    19. 
Motor-Omnibus    Operation    in    New    York    City.      (13)      Serial    beginning    Nov.    20. 
Gravel     Roads — Construction     and     Maintenance.      S.     Percy    Hooker.      (Abstract    of 

paper  presented  at  Third  Am.  Road  Congress.)       (14)      Nov.   22. 
Wood    Block   on   Steep   Grades.      (14)      Nov.   22. 
Methods  and  Cost  of  Constructing  a  Concrete  Road  near  Mason  City,   Iowa.*      (86) 

Nov.    26. 
A  Vertical  Tank  Paving  Block  Creosoting  Plant.*      (86)      Nov.   26. 
Adaptability  and   Economy   of  Motor  Trucks   in   Hauling  Garbage   and   Street   Repair 

Materials    in    Chicago.*      (86)      Nov.    26. 
Die  baugeschichtlichen  Grundlagen  des  Karlsruher  Stadtplans.*     A.   E.   Brinckraann. 

(49)      Pt.   10. 
Ueber   Eckgrundstiicke.      Moser.      (39)      Serial   beginning  Oct.    20. 
Der    Bebauungsplan     fiir     das    Bruderholz     in      Basel.*      (107)      Serial     beginning 

Oct.    25. 
Sicherung   unterhohlter   Strassendecken.*     Julius   Barth.      (80)      Oct.    30. 
Zur  Frage  der  Staubbekampfung  in  Stadtstrassen.     D.   Scheuermann.      (39)    Nov.   5. 

Railroads. 

Electric  Locomotives.*      F.   Lydall.      (77)      Oct. 

Railway   Electrification    Problems   in   the   United   States.*      H.    Parodi.      (77)      Oct. 

The  Electrification  Schemes  of  the  Chemins  de  Fer  du   Midi.*      E.  J.   Julian.      (77) 

Oct. 
The  Electrification  of  the  State  Railway  :  the  Paris  Suburban  Lines.     A.   N.  Mazen. 

(77)      Oct. 

•Illustrated. 
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Railroads — i  Continued  i. 

Appliciition  of  Ooiur(tp  in  the  Abolishnu-ut  of  Grade  Crossings,  Philadelphia,  Pa., 
1912.*  Jas.  \V.  Phillips.  (Abstract  of  paper  read  before  the  National  Assoc, 
of    Cement    Users.)       (87)       Nov. 

The  Indireit  Results  of  National  Railway  Valuation.  J.  Shirley  Eaton.  (9) 
Nov. 

Hillerica    Shops,    Boston    &    Maine   R.    R.*      (87)      Nov. 

("attle    Guards.       (Report    of    Committee   of   the   Am.    Ry,    Bridge    and    Bldg.    Assoc.) 

(87)  Nov. 

Klectrifuation    of    the    Melbourne    Suburban    Railways.*      E.    Vytborck.      (88)      Nov. 
Goods   Train   Brake  Trials  on   the  Paris-Lyons-Mediterranean   Railway.      A.   Huberti. 

(88)  Nov. 

Wooden    Sleepers    or    Iron    Sleepers.      Waas    and    Biedermann.      (From    Zeitunc;    des 

Vereins  deutscher  Eisenbahnverwaltungen.)       (88)      Nov. 
The    Traflic-Capacity    of   Terminus    Stations    for    Urban    and    Suburban    Traffic*      G. 

Brecht.      (From   Elcklrisclw   Kraftbetriebe   mid   Bahnen.)       (88)      Nov. 
Carriage    by    Water    and    by     Rail.      G.      Renaud     and     C.      Colson,      (From     Kcvue 

liolUique  ct   parlcmcntaiif.)       (88)      Nov. 
Superheated     Locomotives.      P.     C.     Linck.      (Paper     read     before     t\\e     Inter.     Ry. 

General    Foremens'    Assoc.)       (94)       Nov. 
Safety    First.*      L.    R.    Davis.      (Paper    read    before   the    Southern    and    Southwestern 

Ry.    Club.)       (108)      Nov. 
Cost    of    Maintenance    of    the    Rapid    Acting    Vacuum    Brake    on    the    Halberstadt- 

Blankenburg     Railway.       Glanz.        (From     Olascr's    Annalcn    fiir    Gewerbe    und 

Uaiiicencn.)       (21)      Nov. 
New  4-4-0   Express  Engines,  Great  Central   Railway.*       (21)      Nov. 
New  Corridor  Trains.   L.  &  North- Wesstern  and  Caledonian   Railways.*      (21)      Nov. 
4-S-2   Type   Locomotives   for   Missouri    Pacific*       (25)       Nov. 
Iiesign    of   Locomotive   Grates.*      W.    R.    Hedeman.      (25)      Nov. 
Sulzcr-Diesel    Locomotive.       (25)       Nov. 

Cumberland  Terminal  of  the   B.   &  0.*      R.   C.    Powers.      (25)      Nov. 
Engine    House    Organization    and    Operation.*      W.    Smith.      (Paper    read    before    the 

Ry.    General    Foremens'    Assoc.)       (25)       Nov. 
Wabash  60-Foot  Steel  Postal  Car.*      (25)      Nov. 
Special  Baggage  Car  for  Scenery.*       (25)      Nov. 
The  Standard  Locomotive  Stoker.*      (25)      Nov. 

Electrical    Equipment    for    Railroad    Shops.*      J.    H.    Bryan.      (108)      Nov. 
Round   House   Design   and   Etiuipment.*      Park  A.    Dallis.      (108)      Nov. 
Rhine  High-Tension   Direct-Current  Railways.*      (17)      Nov.   1. 
New   Dessau-Bitterfeld   Locomotive.*      (17)      Nov.  1. 

Service  Records  of  Vanadium  Steel  Main  and  Side  Rods.      (18)      Nov.  1. 
.Mountain   Type   Locomotives   for   the   Missouri    Pacific   Ry.*      (18)      Nov.    1. 
Report  on  the  Stilwell  Derailment,  C,  C.  C.  &  St.  Louis  Ry.*      (18)      Nov.  1. 
Proposed    Compound    Switching    Locomotive.*      (18)      Nov.    1. 
Gasoline-Electric  Train    Unit  for  Egyptian    Railways.*      (18)      Nov.    1. 
The    Abatement    of    Locomotive    Smoke.      D.    F.    Crawford.      (Paper    read    before    the 

Inter.  Soc.  for  the  Prevention  of  Smoke.)       (18)      Nov.  1. 
The   Leonard    Locomotive  and   Car  Shops   of   the   National   Transcontinental    Railway 

at   Quebec,    P.   Q.*      (96)      Nov.   6. 
Narrow  Gauge  Passenger  Locomotives   for  South   Africa.*      (12)      Nov.    7. 
Electrification   of  the  L.   &   S.   W.   Railway's  Suburban   Lines.*      (12)      Nov.   7. 
Construction    of   Clinchfleld    Extension  :    Building   a    35-Mile   Line  over   the   Cumber- 
land   Range.*       (IS)       Nov.    7. 
Locomotive    Fuel    Economy    on    the    Frisco.*      Robert    Collett.      (Abstract    of    paper 

presented  before   the   St.   Louis   Ry.   Club.)       (IS)      Nov.   7. 
Diesel    Locomotive   for   Prussian-Hessian    State    Railways.*      (17)      Nov.    8. 
New   Locomotive   Repair   Plant.   Wabash    R.    R.,    Decatur,    111.*      (18)      Nov.    8. 
Six  More  Powerful  Electric  Locomotives  for  the  New  York  Central  Terminal.*      (18) 

Nov.   8. 
The    Jungfrau    Railway.*      (46)      Nov.    8. 
Some    Problems     Involved     in     Driving    Long    and     Deeply     Overlaid    Tunnels.*      E. 

Lauchli.      (14)      Nov.    8. 
A    Costly    Terminal     and    Track    Elevation    Work,     Plans    for    Railway     Relocation 

and   Track    Elevation    and    New    Water   Terminals    at    South    Philadelphia,    Pa.* 

(86)      Nov.     12. 
Life   of    Physical    Railway    Property.      (Abstract    of    Report   of   the   Joint    Committee 

on  Life  of   Railway   Physical  Property  of  the  Am,   Elec.   Ry.   Eng.  and  Account- 
ants Assoc.)       (13)      Nov.  13. 
Tunnel  Construction  on  the  Willamette  Pacific  R.  R.      (13)      Nov.  13. 
Summit-Hallstead   Cut-Off  of   D.,    L.   &   W.*      (15)      Serial   beginning  Nov.    14. 
Overloading    Freight   Locomotives   not   Economical.      J.    S.    Sheafe.      (15)      Nov.    14. 
Gas-Electric    Locomotive.*       (  15)       Nov.    14. 

Movement  of  Prices  and   Railway  Rates.      Clement  Colson,      (15)      Nov.   14. 
Approximate  Predetermination   of  Train   Energy.      W.   A.   Del   Mar  and   D,   C.   Wood- 

burv.      (17)      Nov.    1.5. 


•Illustrated. 
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Railroads    (Continued!. 

The  L"  5iMi-lip.   Lotschberg  Locomotives.*      (17)    Nov.    15;    (12)    Nov.   21. 

Electric   Locomotives   for  Swiss   Railway.*      (27)      Nov.   15. 

Resurvey   of  the   Wheeling  &   Lake   Erie   R.    R.*      (18)      Nov.    15. 

A  Suspension  Dumping  Bridge  for  Building  Railway  Embankment.*      (13)      Nov.  20. 

A  Rail-Handling  .Machine  for   Rail   Renewals.*      (13)      Nov.   20. 

The   Lackawanna    Frog  and   Switch   Shops.*      (15)      Nov.   21. 

Internal-Combustion   Motors  for  Railways.*      F.  W.   Lanchester.      (Paper  read  before 

the  Eng.    Section  of  the   British   Assoc.)       (11)      Nov.   21. 
Steel    Passenger  Train  Car  Situation.*      (15)      Nov.   21. 
Comparison    of    Freight    Train    and    Canal    Boat    Resistance.*      Harold    A.    Houston. 

(IS)      Nov.   21. 
Heavy  .Maintenance  Work  on  an  Indian  Railway.*      (15)      Nov.  21. 
Chilled    Iron    Car   Wheels   for   Electric    Railway    Service.*      W.    A.    Bennett.       (Paper 

read   before   the   Central    Elec.    Ry.   Assoc.)       (17)      Nov.    22. 
Steel-Tired  Forged  and  Rolled-Steel  Wheels.     M.  D.  Hayes.      (Paper  read  before  the 

Central    Elec.    Ry.    Assoc.)       (17)      Nov.    22. 
Electric   Locomotives    Replace  Expensive  Trucking   Service.*      (17)      Nov.    22. 
Ventilation    of    the   Winston    Tunnel.    Chicago   Great   Western    Ry.*      (18)      Nov.    22. 
War    Time    Railroading    in    Mexico.      Charles    Hine.      (Paper    read    before    the    St. 

Louis   Ry.   Club.)       (18)      Nov.    22. 
The  Continuous  Rail  in  the  United  States.*      (46)      Nov.  22. 

Soldier   Summit    Detour   Line,    Denver   &    Rio   Grande   R.    R.*      (18)         Nov.    22. 
Pacific  Type   Locomotives,    Central   of   Georgia   Ry.*      (18)      Nov.    22. 
Methods    of    Supporting    Railway    Tracks    During    the    Construction    of    Permanent 

Works.*      (Abstract  of  Report  of  Committee  of  the  Am.   Ry.   Bridge  and   Bldg. 

Assoc.)       (86)    Nov.   26;    (87)    Nov.;    (18)    Nov.   8. 
Construction    Methods    at   the    Mont    d'Or   Tunnel    with    Particular    Reference    to    the 

Difficulties   Caused   by   Large    Inbreaks   of   Water.*      (86)      Nov.    26. 
A    Proposed    Municipal    Hydro-Electric    Railway    for    Toronto    and    North-Eastern 

District.*      (96)      Nov.    27. 
The  Transandean   Railway   from  Arica,   Chili,   to  La  Paz,    Bolivia.*     G.   H.    Sawyer. 

(13)      Nov.    27. 
New   Line  over  Wasatch   Mountains,   Utah.*      (15)      Nov.   28. 
The   Freight    Rate   Advance   Hearings.      (15)      Nov.    28. 
Plans    for  Federal    Valuation   of   Common    Carriers.      (14)      Nov.    29. 
Arnold   Report   on   Chicago   Railroad   Terminals.      (14)    Nov.   29;    (18)    Nov.   22. 
Les  Heurtoirs  a  Glissement  et   les  Voies   Ensablees  :   Essais  des   Chemins  de  Fer  du 

Nord  et  de  I'Etat.*     Goupil.      (43)      Sept. 
Le    Chemin    de    Fer    Electrique    de    Cerdagne    de    Villefranche-de-Conflent    k    Bourg- 

Madame.*      Delmas.      (43)      Sept. 
Note    sur    le    D6veloppement    de    la    Traction    Electrique    en    Italie.*      Parodi.      (38) 

Nov. 
Transport    et    Manutention    des    Minerals    de    Fer,     en    Tunisie.*      L.     Felix.      (38) 

Nov. 
Lea  Locomotives  Electriques  &  15  000  Volts   du   Chemin   de  Fer  des   Alpes   Bernoises 

(Berne-Loetschberg-Simplon).*      Ch.    Jaquin.      (.33)      Nov.    1. 
L'Accident  de  Chemin  de  Fer  de  Melun.*      J.   Trevi^res.      (33)      Nov.   15. 
Verschlebung  eines  Weichen-   und   Signalstellwerkes   im  Betriebe.*      Niemann.      (48) 

Oct.    4. 
Spezialtransportwagen   fiir  Schmalspur-Fahrzeuge.*      (107)      Oct.   25. 
Heissdampf-Tenderlokomotiven    Serie    Ea    3/6    der    Bern-Neucnburg-Bahn.*      (107) 

Nov.    1. 
Der   theoretische    Langenschnitt    von    Drahtseilbahnen    mit    Doppelbetrieb.*      R.    von 

Reckenschuss.      (102)      Serial    beginning    Nov.    1. 
Die  Mechanik  der  Zugbewegung  bei  Stadtbahnen.*      (102)      Nov.   1. 
Anlagen    zum    Bekohlen    und    Besanden    von    Lokomotiven    und    zum    Verladen    von 

Schlacke  und  Asche  auf  den  Bahnhofen  Oberhausen  und  Frintrop.     O.  de  Haas. 

(102)      Nov.    1. 
Die       Elnphasen-Wechselstrom-Hauptbahn       Spiez-Brig       (Lotsehbergbahn).*      (41) 

Serial    beginning    Nov.    6. 
Lokomotiv-Drehkran    mit    Akkumulatoren-Antrieb.*      (107)      Nov.    8. 
Berlcht     und    Kreditbegehren     der    Schweiz.      Bundesbahnen      zur      Einfiihrung      der 

elektrlschen   Traktlon   auf  der  Gotthardbahn.*      W.    Kummer.      (107)      Nov.    15. 
Quellen  und  Kliifte  im  Grenchenberg-Tunnel.*      Max  Custer.      (107)      Nov.   15. 

Railroads,  Street. 

Single-Phase  Traction.*      .Mariu.s  Latour.      (77)      Oct. 

High-Tension    Continuous-Current   Traction.      Louis   Gratzmuller.      (77)      Oct. 

Fenrler    and    Wheel-Guard    Tests    in    Vancouver.*      (17)      .Vov.    1. 

Cost  of   Subway   Construction  :    Diagrams   for  Facilitating   Preliminary   Estimates   of 

Cost.*      Frank   H.    Carter.      (86)      Nov.   5. 
Standardization   of  Street   Railway   Special  Work.*      A.    E.   Harvev.      (From  Electric 

Traction.)       (96)      Nov.   6. 

'Illustrated. 
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Railroads.  Street~(Continued  i. 

New  Carhouse  of  the   Muskogee   Electric  Traction  Company.*      (17)      Nov.   8. 

Tnulile.ss  and   Single-Truck  Center-Entrance   Cars.*      (17)      Nov.    S. 

Pneumatic   Caisson    Piers  for   New   York   Subway   Tunnel.      (14)      Nov.   8. 

St.    Louis    Center-Entrance    Motor    Car.*       (17)       Nov.     15. 

Subway   Tunnel    under   Harlem    River.*      (14)      Nov.    15. 

Compensation  for  Street-Kailway   Use  of  Highway   Bridge.      (14)      Nov.   15. 

Present    Statu.s    of    the    Subway    Situation    in    Chicago.      William    J.    Shanks.      (13) 

Nov.    20;     (18)     Nov.    22. 
Overcoming   Difficulties    in    New    York   Subway.*      (14)      Nov.    22. 
Cincinnati    Traction    Company's    Track    Construction    Methods.*      (17)      Nov.    22. 
Bus    Operation    in    London    and    Paris.      John    A.    McCollum.      (Report   to   the    Board 

of    Estimate    and    Apportionment.)       (17)      Nov.    22. 
Operating    Data    of    a    Large    Railway    Power    Plant,    Twin    City    Rapid   Transit    Co., 

Minn.*      (27)      Nov.    22. 
The     niumination     of     Street     Railway     Cars.      L.     C.     Porter     and     V.     L.     Staley. 

(Abstract   of   paper    read    before   the    Hluminating    Eng.    Soc.)       (62)    Nov.    24  ; 

(17)     Nov.     22. 
Central-Station    Energy    for    Chicago    Railways.      (27)      Nov.    29. 
I,atest   Features  of   Montreal   Cars.*      (17)      Nov.    29. 

Paving   Protector   Used    with  T-Rail    in    Memphis,   Tenu.*      (17)      Nov.    29. 
Railways   and  Subways   at   Buenos   Aires.*      F.   Lavis.      (14)      Nov.    29. 
La   Traversee   de    la    Butte   Montmartre   par    le  Chemin   de  Fer   Electrique   Nord-Sud 

do   Paris,    Ligne   Saint-Lazare-Portes  de   Saint-Ouen   et  de   Clichy.      Henri    Brot. 

{33)      Oct.    25. 
Zeitintervalle    beim    Anlassen    von    Bahnmotoren.*      Conrad    Iranyi.      (41)      Nov.    2(i. 

Sanitation. 

Miners'    Nystagmus    and    Its    Effect    on    Vision.      J.    Court.      (Paper    read    before    the 

Midland  Inst,  of  Min.,  Civ.  and  Mech.  Engrs.)       (106)      Vol.  46,  Pt.  1. 
Sewage   Screenings.      T.   C.   Schaetzle   and   E.   R.   Davis.      (36)      Nov. 
Sewage    Disposal    Plant    at    Springfield,    Mo.*       (60)      Nov. 
Vacua    Hot-Water   Heating   Applied   to   Woolworth   Building.*      Ira    N.    Evans.      (64) 

Nov.    4. 
Sacramento    Valley    Land    Reclamation.*      (86)      Nov.    5. 
Studies   of    River   Bottoms    at    Philadelphia   in   Relation   to   Sewage    Disposal.*      (13) 

Nov.    6. 
Eversham   Sewage  Works   Extensions.*       (104)      Nov.   7. 
Vapor-Heating   in    an    Orphan   Asylum.*      (101)      Nov.    7. 
Recent  British  View^s  on  Dilution  Desirable  for  Sewage  and  Sewage  Plant  Effluents.* 

G.   McGowan.   Colin   C.   Frye.   and   G.    B.    Kershaw.      (Report   made  to   the   Royal 

Comm.    on    Sewage   Disposal.)       (86)      Nov.    12. 
Progress    of    Construction    and    Works    Planned    for    Early    Construction    on   the    Sag 

Branch  of  the  Chicago  Drainage  Canal.*       (86)      Nov.   12. 
Sanitary  Surveys  of  Rivers.      ,J.   R.   Malek.      (Paper  read  before  the  Canadian  Public 

Health    Assoc.)       (96)       Nov.    13. 
Sewage    Pumping   Machinery   and    Appliances.*      Gerald    Priestman.      (96)      Nov.    13. 
Operating    Costs    in    Heating    Plants.      H.    M.    Hart.      (Paper    read    before    the    Am. 

Soc.    of   Heating    and    Ventilating    Engrs.)       (101)      Nov.    14. 
The   Need    for   Standardisation    in    Drainage    Details.      Arthur    Palmer.      (Paper    read 

before  the   Institution  of  Municipal  Engrs.)       (104)      Nov.   14. 
Care  of  Streets  in  Chicago.      (14)      Nov.   15. 
Sewage     Disposal,     How     to     Build     a     Plant     for     the    Country     Home.*      Benjamin 

Brooks.       (76)       Nov.     18. 
Time    Studies    and    Factors    and    Standards    for    Street    Cleaning    in    Chicago.      (86) 

Nov.    19. 
Dual    Water-supplies   and   Typhoid   Fever   at   Philadelphia.      (13)      Nov.    20. 
Sewer  Construction   in   Quicksand.      (13)      Nov.   20. 
Plumbing    and    Heating    Chicago    Apartments.*      (101)      Nov.    21. 
The    Separation    of    Grease   from    Sewage    Sludge,    with    Special    Reference    to    Plants 

and    Methods    Employed    at    Bradford    and    Oldham,    England.*      Kenneth    Allen. 

(86)      Nov.    26. 
Unsatisfactory   Operation   of   Sewage   and   Trade   Waste  Treatment   Plants   at   Monti- 
cello,    N.    Y.*      (86)      Nov.    26. 
A    Suggested    System    of    Accounts,    Records    and    Reports    for    Sewer    Departments. 

(86)      Nov.    26. 
Recent    Investigations    of    the    Bactericidal,    Deodorizing    and    Physiologic    Action    of 

Ozone.      (13)      Nov.     27. 
Six     Current    Features     of     Public     Water     Supplies.      (Report     made     to     the     Am. 

Public    Health    Assoc.)       (13)      Nov.    27. 
Subaqueous   Sewer  Construction,    Brooklyn,   N.   Y.*      (13)      Nov.    27. 
Preparatory  Treatment  of   Sewage,   Observations   and   Experiments.      Charles   Oilman 

Hyde.      (Paper  read  to  the  League  of   Pacifle   Northwest  Municipalities.)       (96) 

Nov.    27. 


•Illustrated. 
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Sanitation  -i  Continued) . 

Combination   Heating   in   Maine  Schoolhouse.*      (101)      Nov.   28. 

Special   Ward  Heating  and   Ventilation.*      H.   S.   Knowlton.      (64)      Dec.   2. 

Gelgersche    Kanalartikel    und    Neuerungen    an    Armaturen    fiir    Haus-Eatwasserung.* 

(7)      Oct.    IS. 
Die    neue    Abwasserreinigungsaulage    der    Stadt    Trier.*      T.    Schiirmann.      (7)      Oct. 

25. 
Beitrag      zum      Berechnen     der     Warmwasserbereltung.*      Rud.     Korbmacher.      (7) 

Oct.    25. 
Die  Heizungs-  und  Liiftungsanlage  im  Schweiz.   Nationalbank-Gebaude  in  Bern.*      L. 

Greiner.      (107)      Serial  beginning  Nov.  1. 
Berechnung   von    Warmwasser-Heizanlagen.*      G.    de   Grahl.      (7)      Nov.    1. 
Expansions-   und   Sicherheits-Vorrichtungen   gegen    Ueberdruck   und  Ueberkochen   von 

Warmwasserbehaltern.*      H.    Kocsa.    '(7)      Nov.    1. 

Structural. 

A   Method   of  Checking   the   Economical   Height  of   an    Office   Building.      C.    T.   Coley. 
(Paper  read  before  the  National  Convention  of  Bldg.   Owners  and  Mgrs.)      (8) 

Oct. 
The    Decorative    Possibilities    of    Concrete.*      C.    W.    Boynton    and    J.    H.    Libberton. 

(4)      Oct. 
Constructing   a  Ten-Story   Concrete  Building.*      (67)      Nov. 
Method.-^    for    Testing    Concrete    Waterproofing.      Cloyd    M.    Chapman.       (Paper    read 

before    the    National    Assoc,    of   Cement   Users.)       (67)      Nov. 
Cracks    in    Concrete.*      (Abstract    of    Report    to    the    British    Concrete    Inst.)       (67) 

Nov. 
The    Problems    of    the    Contractor.*      Leonard    C.    Wason.      (Paper    read    before    the 

Boston  Soc.  of  Civ.  Engrs.)  (1)  Nov. 
The  Council  Colliery  Hospital.*  (45)  Nov. 
Transverse   Strength   of   Screws   in   Wood.*      Andrew   Kolberk   and   Milton    Birnbaum. 

(36)      Nov. 
Preservation   of   Timber.      (Report   of   Committee   of   the   Am.    Ry.    Bridge   and    Bldg. 

Assoc.)       (87)       Nov. 
The  New  City  Hall  of  San  Francisco.*      (60)      Nov. 

Building  Brick  Homes  for  Workingmen.*      William  H.   Burkhard.      (76)      Nov.   4. 
The  Economical  Planning  and  Designing  of  High   Office  Buildings.*      W.   C.  Hazlett. 

(86)      Nov.    5. 
Concrete   Plant  for  the  Utah  Capitol   Building.*      (14)      Nov.   8. 
Structural   Features   of   a   Chicago   Bank   Building.*      (13)      Nov.    13. 
Temporary    Buildings    in    Relation    to    By-Laws.     T.    C.    Barralet.      (Paper    read    be- 
fore  the    Institution   of   Municipal   Engrs.)       (104)      Nov.   14. 
Movable   Concrete  Chuting  Tower.*      (14)      Nov.    15. 
Tall   Steel   Stack  with   Spread   Base.      (14)      Nov.   15. 

Portable   Dragline   Cableway    Excavator   for  Concrete   Aggregates.*      (14)      Nov.    15. 
Experimental    Data    on    Strength    of  I-Beams    in   Flexure,    with    Discussion   of   Data 

and    Deduction    of    Formulas.*      Herbert    F.     Moore.      (Abstract    from    Bulletin 

No.   68.   Univ.   of   Illinois,    Kng.    Expcr.    Station.)       (86)       Nov.    19. 
A  Four- Year  Test  of  the  Effect  of  Sea  Water  on  Concrete.      (13)      Nov.  20. 
Plans   for  the   New  Buildings  of  the  Massachusetts   Institute   of  Technology.*      (13) 

Nov.    20. 
Steel    Guyed    Derricks   for    Building   Erection.      (13)      Nov.    20. 

An    Unusual    Foundation    Failure    (Canadian-Pacific    Elevator).*      (15)      Nov.    21. 
Reinforced-Concrete    Construction    at    the    Villa    Marina    Kursaal,    Douglas,    Isle    of 

•Man.*      (11)      Nov.    21. 
Replacing  a  Steel   Stack  with  One  of  Concrete  and  Brick.*      (16)      Nov.   22. 
Collapse  of  Orpheum  Theatre,   New   York  City.      (14)      Nov.   22. 
Moving   8  000-Ton    Building.*      (14)      Nov.    22. 
Initial   Stresses   in   Structural   Steel.*      (86)      Nov.    26. 
Failure   of   Part   of   Lyraan-Stark   Building,    Cedar   Rapids,    Iowa.*      (13)      Nov.    27; 

(14)    Nov.    22    and    Nov.    29. 
L'lmperm^'abilisation   des  Mortiers  et  les  Huiles  Lourdes.*      R.   Feret.      (43)      Sept. 
Dallage  pour  Planchers  Translucides  ;   Systfime  L.   Keppler.*      (35)      Nov. 
Les    Causes    d'Erreurs    dans    les    Essais    de    Choc    et    la    Notion    de    Fragility.*       A 

Mimey.      (93)      Nov. 
Note  sur  un   Proc6de   de  Tarage  des   Apparells   d'Essais   des   M6taux   par   Choc.     G. 

Charpy   et   A.   Cornu.      (93)      Nov. 
Der    elnfachste    Weg    zur    wirtschaftlichen    Dimensionlerung    der    Eisenbetonplatte  • 

Max   Mayer.      (51)      Serial  beginning  Sup.   No.    20. 
Ersatz     gemauerter     Schachtwandungen     durch     Elsenbeton.*       E.      Elwitz.       (51) 

Serial    beginning    Sup.    No.    20. 
Elsenbeton-Konstruktionen    der    Kohlen-Transportbahn    Savona-San    Giuseppe.      (51) 

Serial   beginning   Sup.    No.    21. 
Der    Verbund-Holz-Eisenbeton-Pfahl,    eine    neue     Pfahlbauart.*      Schonhofer       (52) 

Oct.    15. 

•Illustrated. 
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Structural  — I  Continued  i. 

Slauiinbitoii    Oder    Gussbetoii.      O.    Franzius.       (48)       Oct.    18. 

Gu.sseistii    im    ELsenbeton.      P.    Rohlaiul.      (48)      Oct.    18. 

Nibelungenhalle    bei    Konigswinter    a.    Rh.      Gernsbacher.      (80)      Oct.    18. 

Die    Neubauteu    tier    Grossbrauerei    Dischinger    am    neuen    Hauptbahnhof    iu    Darm- 

-stadt.*      Steinberger.      (78)      Oct.    20. 
Sftuleu    aus    umschnurtem    Gu.sseisen,    nach    System    F.    v.    Emperger.*      (78)      Oct. 

20. 
Ueber    Fuudamentplatten    fiir    Einzellasten    unter    besonderer    Berucksichtigung    der 

Kreisplatte.*      Karl    Arnsteiu.      (78)      Oct.    20. 
Dachbiiider    aus    Eisenbelon.*      O.    Henkel.      (80)      Oct.    25. 
Gebraiiih.sformeln    fur    umschnurten    Beton.      Otto    Henkel.      (80)      Oct.    25. 
Die    Schlacke     der     wurttenibergerischeu    Oelschiefer     als     hydraulischer     Zusthlag. 

Oskar  Schmidt.      (80)      Oct.  25. 
Aulbereiiung  der   Mortelmaterialien.      A.    Moye.      (80)      Oct.    28. 
Ueber    die    Begiinstigung    vou    Rissebildungen    im    Eisenbeton    durch    Schwinden    des 

Beton-s.*      Blunck.      (40)      Oct.    29. 
Das    umschniirte    Gusseisen,    ein    neues    Baumaterial.*      Fritz    von    Emperger.      (50) 

Serial    beginning   Oct.    .30. 
Untersuchung    Gegliederter    Druckstabe.*      D.    Griining.      (69)      Nov. 
Die    Maschinen-Haupthalle    der    I.    B.    A.    in    Leipzig.*       G.    Chr.    Mehrteu.s.      (69) 

Nov. 
Die   Priifung  der  Zemente  mit   plastichem    Mortel.      F.    Schiile.      (80)      Nov.    1. 
Verlegung  und   Befestigung  von   Gebaudeleitungen   fiir  Blitzableiter.*      Ruppel.      (51) 

Nov.    5. 
Neue   Wohnhausbauten   bei   der  k.    u.   k.    Pulverfabrik   in   Blumau    (N.-Oe.).*      Anton 

Fitziuger.      (78)      Nov.    7. 
Ausfijhrungsfehler      bei       Eisenkonstruktionen       im       Hochbau.*      Wochinger.      (78) 

Nov.    7. 
Beton-    und    Eisenbetonkon.''truktionen    der    Hakenterrasse    iu    Stettin.*      Weidmann. 

(78)      Serial   beginning    Nov.    7. 

Topographical. 

Notes   oil    Provincial    Land   Surveying.*      J.   A.    Macdonald.       (96)       Nov.    20. 

Water  Supply. 

Concrete   Reservoirs    for  Water   and   Petroleum.      J.    L.    Jeffery.      (Paper    read  before 

the   South   Staffordshire  and   Warwickshire    Inst,    of   Min.    Engrs.)       (106)      Vol. 

46,   Pt.    1. 
The    Design    and    Construction    of    the    Hydro-Electric    Plant    at    Estacada,    Oregon.* 

Hermann    V.    Schreiber.      (Abstract    of    paper    read    before    the    National    Assoc. 

of   Cement    Users.)       (2)      Oct. 
The  High   Pressure  Fire  Service.      John   E.   Codman.      (2)      Oct. 
Chicago    Water- Works.*      John    Bric-son.      (4)      Oct. 

Water    Sterilization    by    Ultra-Violet    Rays.*      James    A.    Seager.      (60)      Nov. 
The    Selection    and    Installation    of    a    Small    Pumping    Plant    for    Irrigation.      B.    A. 

Ktcheverrj'.       (86)       No\ .    ."> 
Winnipeg's   Thirteen    Million    Dollar   Water   Supply.*      (86)      Nov.    5. 
Cost   of   Reporting   on    an    Irrigation    Project.      Charles   Kirby   Fo.\.      (From    Western 

KniiinecrinQ.)       (86)       Nov.    5. 
Methods    and    Labor    Cost    of    Constructing    the    39  000  000-Gal.    Mechanical    Water 

Filtration    Plant    at    Minneapolis,    Minn.*      W.    N.    Jones,    Assoc.    M.    Am.    Soc. 

C.    E,      (86)      Nov.    5. 
Method    and    Cost    of    Removing    and    Relaying    a    10-In.    Flexible    .loint.    Cast-iron 

Water     Main     Crossing     Neponset     River,     near     Boston.*     Edmund     M.     Blake. 

(86)      Nov.    5. 
A    Diversion    Dam    with    Unusually    High    Steel    Flashboards.*      M.    C.    Hinderlider. 

(U)      Nov.   6. 
Completion.     Testing    and     Dedication     of    the     Los     Angeles    Aqueduct.*      Burt     A. 

Heinly.       (13)       Nov.    6. 
New    Reservoirs   for   Sheffield.*      (12)      .Nov.    7. 
too  OOO-Volt  Transmission   into  Bombay,   India.*      (27)      Nov.  8. 
Cracking  of   Bronzes   and   Brasses,   Experiences  on   Catskill   Aqueduct  with   Damaged 

Valve    Seats    and    Stems,    Sluice    Gates,    Bolts    and    Anchors,    and    Comment    on 

Cause  and    Prevention   of  Trouble.      Alfred    1).    Flinn,    M.   Am.    Soc.    C.    E.      (14) 

Nov.    8. 
Durability  of  Mass  Concrete   (at  the  McCall  Ferry   Plant  of  the  Pennsylvania  Water 

*•    Power   Companv).*       (14)       Nov.    8. 
Tata    Hydroelectric    Development.*      (14)      Nov.    8. 
New  York's   Water   Powers  and  the  Right  of   Eminent   Domain.      Arthur  J.    Baldwin. 

(Abstract  of   paper   read   before  the  New   York   State  Waterways   Assoc.)       (14) 

Nov.    8. 
Life  of  Water  Pipe  in  Vancouver.*      (14)      Nov.   8. 
Novel   Method   of   Building   Cutoff   Wall.*      (14)      Nov.    S. 

*  Illustrated. 
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Water  Supply— (Continued). 

The  Completion  of  the  Los  Angeles  Aqueduct.*      Henry  Z.   Osborne.      (46)      Nov.   8. 
Operating    Data    of    Electric    Rock    Drills    on    the    Catskill    Aqueduct.*      (From    the 

Sibley    Journal    of    Engineering.)       (86)      Nov.    12. 
The   Rationale   and   .\dvantages  of  Lime   Sterilization   of   Water — Experimental   Data 

and    Conclusions.      Charles   P.    Hoover.      (86)      Nov.    12. 
Decolorization   of    Water   by   the    Excess-Coagulation    Method    at    Springfield,    Mass.* 

(13)      Nov.    13. 
Rock   Grouting  and   Caisson   Sinking  for  the  Hales  Bar  Dam.*      (13)      Nov.    13. 
Hydroelectric  Development  on  the  Tennessee  River.*      (27)      Nov.  15. 
Pumping    Plants    for    Railway    Water    Supply.       (Report    of    the    Committee    of    the 

.A.m.   Ry.   Bridge  and  Bldg.  Assoc.)       (18)      Nov.   15. 
Tuning    Up   Filters   at   Albany,    Oregon.*      (14)      Nov.    15. 
Laying   Submerged  Water  Main   on   Pile   Supports.      (14)      Nov.   15. 
Filter  for  Boiler  Feed  and  Cooling  Water  at  Omaha.*      (14)      Nov.  15. 
Failure  of  Groined  Arches  at  Baltimore's  New  Water-Filtration   Plant.*      James  W. 

Armstrong.      (14)      Nov.    15. 
Overflow  Dam  in   Service  Five  Years.*      A.   L.  Harris.      (14)      Nov.   15. 
A  New  Design  for  Low-Service  Rotary  Vacuum  and  Air-Compressor  Pumps.*      (13) 

Nov.    20. 
Unusual  Features  of  a  48-In.  Cast-iron  Water  Main  Across  a  Salt  Marsh  to  Atlantic 

City,    N.    J.*      T.    Chalkley   Hatton.      (13)      Nov.    20. 
Dual   Water-Supplies   and   Typhoid   Fever   at   Philadelphia.      (13)      Nov.   20. 
Some    Notes    on    the    Corrosion    of    Water    Mains.      William    Ransom.       (Paper    read 

before   the   Institution   of   Municipal    and   Countv    Engrs. )       (104)      Nov.    21. 
Concrete  Flume  That  Did  Not  Fail.*      (14)      Nov.  22. 

South    Yuba-Bear   River   Power   Development.*      J.    P.    Jollyman.      (14)      Nov.    22. 
Frost   Damage   to   Montreal    Filters.*      Frederick   E.    Field.      (14)      Nov.    22. 
Evanston  Filter  Plant;  a  12  000  000-GalIon  Rapid-Filter  Plant.*      (14)      Nov.  22. 
Elverum   Hvdroelectric  Development.*      (14)      Nov.    22. 

Projected  $1  500  000  Water  Supply  for  Oklahoma  City,  Okla.*      (86)      Nov.  26. 
Earth    Dams    at   Lynn.    Mass.*      (86)      Nov.    26. 
Test  Data  on  Cost  of  Power  for  Pumping  in  Small  Plants  with  Internal  Combustion, 

Electric   and   Steam   Power.      C.    R.   Knowles.      (Report  of   Committee   on   Water 

Supply   of  the   Am.    Ry.    Bridge  and    Bldg.    Assoc.)       (86)      Nov.    26. 
Procedure    in    the   Meter   Division   of   the   Milwaukee    Water-Works.      O.    F.    Poetsch. 

(86)      Nov.    26. 
Toronto    Filter    Specifications.     (96)      Nov.    27. 
Six   Current   Features  of  Public  Water  Supplies.      (Report  made  to  the  Am.   Public 

Health  Assoc.)       (13)      Nov.   27. 
Failure    of    Partially    Constructed    Groined    Arch    Roof,    Baltimore,    Md.*      Ezra    B. 

Wliitman.      (13)      Nov.    27. 
The  Organization  of  the  Hartford,  Conn.,  Water-Works  Department.      (13)      Nov.  27. 
Insulating  Wrappings  for  Large  Water  Mains.*      (13)      Nov.   27. 
Metal   Flumes   for   Irrigation   Canals.*      F.   W.   Hanna.      (13)      Nov.    27. 
Laying  Toronto's   Second   Intake   Pipes.*      (96)      Nov.   27. 
Progress  of  Coon  Creek   Development  on  the  Mississippi,   near  Minneapolis.*      (27) 

Nov.  29. 
Causes  of  Inefilciency  of  Irrigation    (Punjab,   India).      (14)      Nov.   29. 
Rock    Island    Arsenal    Filter   Plant.      (14)      Nov.    29. 

Break  of  Baffle  Wall  in  Fort  Smith  Settling  Basin.*      (14)   Nov.  29;    (13)   Nov.  20. 
Emploi  des  Palplanches  Metalliques  (Galeries  en  Ciment  ArmS).*     Caudrelier.    (43) 

Sept. 
Nouvelle  Contribution  t  I'Etude  des  Turbines  Am6ricaines.*      E.   de  Morsier.      (37) 

Oct. 
I'eber  Trinkwasserschaden  durch  Spaltpilze  oder  Algen   und   ihre  Beseitigung.    Franz 

Berka.      (7)      Oct.  18. 

Waterways. 

Dock  Facilities   in   New  York  City  :    Present  Facilities,   Proposed   Improvements   and 

Enlargements.      William    J.    Barney.      (91)         Vol.    19. 
Panama  Canal   and  American  Commerce.      Lewis  Nixon.      (91)      Vol.   19. 
Cargo   Transference   at   Steamship   Terminals.*      H.    McL.    Harding.      (91)      Vol.    19. 
The   Marine  Terminal   of  the   Grand   Trunk   Pacific   Railway,   Prince   Rupert.    British 

Columbia.*      Frank   E.    Kirby   and  William   T,    Donnelly.      (91)      Vol.    19. 
Marine  Lighting  Equipment  of  the  Panama  Canal.*      James  Pattison.     (91)     Vol.   20. 
The   Wilkes-Barre   Flood    Situation.*      Farley    Gannett.    (98)      Sept. 
The  Froude  Water  Brake.*      (11)      Oct.  31. 
The  Work  of  the  Directors  of  the  Port  of  Boston.*      John  L.  Howard.      (Paper   read 

before  the  Boston  Soc.  of  Civ.  Engrs.)       (1)      Nov. 
Electrical  Equipment  and  Concrete  Construction  at  Auckland  Harbor.*      W.   Wilson. 

(9)      Nov. 
Canada's   Fifty-Million   Dollar  Canal.*      (86)      Nov.    5. 
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(14) 


S.    A.*      Elisha   N.    Fales.      (11) 


Waterways—  (Continued). 

A    Typical    Hamburg    Quaywall.*      (13)      Xov.    C>. 

Krection   of   Panama  Canal   Lock   Gates.*      (14)      Nov.    8. 

Development    of    Port    Facilities    on     New    Jersey    Side    of    New    York     Bay. 

Nov.    S. 
Some  Phases  of  the  Channel  Tunnel   Controversy.      (96)      Nov.   13. 
The    Mississippi    Lock   at   Keokuk.*       (13)      Nov.    13. 

Dipper-Dredge   Work   on    Neponset    River.*    Edmund   M.    Blake.      (14)    Nov.    15. 
Sloughing  Off  the  Mississippi  Levee  at  Helena,  Ark.*      (13)      Nov.  20. 
A    Reinforced-Concrete   Wharf    with    Grouted    Foundations  ;    Harbor    Improvement    at 

Hollo.    Philippine    L-^lands.*      Wilson    T.    Howe.      (13)      Nov.    20. 
The    Mississippi    River    Dam    at   Keokuk,    Iowa,    U. 

Serial    beginning    Nov.    21. 
The  Nile  Flood  of  1913.      Hanbury   Brown.      (12) 
Flood   Protection   Plans   for  Ohio   Cities.      John   W. 
Scow    for    Submarine-Rock   Drilling.*      (14)      Nov. 
Progress   on   the   Panama    Canal.      (14)      Nov.    29. 
Completion   of  the   Hale's   Bar   Works.*      (64)      Dec. 
Stromregelung   bei    Sobrigen    und    Pillnitz.*      Steelier. 
Ueber  Wasserabflussversuche  an  Talsperrenmodellen 

stalt   fiir  Wasserbau   und   Schiffbau   in    Berlin.* 

beginning    Pt.    10. 
Die    Betriebseinrichtungen    des    Grossschiffahrtweges 

Berlin-Hohensaathen).*       Max    Buchholz.      (49) 
Der  Grossschiffahrtsweg  Berlin-Stettin.*      Miehlke. 


Nov. 
Hill. 
29. 


21. 


(14)      Nov.    29. 


(49)      Pt.    10. 
in  der  koniglichen  Versuchsan- 
E.    Beyerhaus.      (49)         Serial 

Berlin-Stettin     ( Wasserstrasse 
Serial    beginning    Pt.    10. 
(51)      Serial  beginning  Oct.  29. 
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Current  Meters ;  Performance  of 
These  Meters  in  Tail-Races  and 
Large  Mountain  Streams;  Sta- 
tistical Synthesis  of  Discharge 
Curves,"  presented  and  discussed, 
62. 

Charles,  Alfred  James. — Elected 
an  Associate  Member,  639. 

Charnley,  Walter. — Transferred  .  to 
Grade  of  Member,  577. 


VII 


:i:\i':rv. 


CI.KMKNT. 


Chkkver,     Aluert     Sakfoisd.— Death 

announced.  230. 
(?nENi!;Y.  SiiEiuvooD  Ai.KREi). — Elected 

a  Member.  414. 
Cmevai.ier.     Lolis. — Transferred     to 
(<rade  of  Associate  ^leniber,  342. 
CiiiM.sTiAN.      Ciiarij:s      Stephen.   — 

HIecleil  an  Associate  Member.  3. 
t'liRisTiAN,  G.  L. — Discussion  by.  227. 

Christiansen,  Eugene  Olaf.  — 
Elected  an  Associate  Member. 
776. 

(IIKISTIE.    K.    L. — Discussion   by.    02. 

CniRcuiLL.  Charles  S. — On  Publica- 
tion Committee.  66;  Discussion 
by.   638. 

Chirchill.  Percival  M. — Resolution 
by.  Relative  to  Marketing  of 
Eii<,'ineering  Services.  59,  9.5; 
Resolution  by.  Relative  to  Pro- 
posed Code  of  Ethics  for  Engi- 
neers, 60,  96;  Communication 
from.  Relative  to  the  Practice  of 
Civil    Engineering.   413.   451. 

CiLLEY.  Morgan.— Discussion  by,  409. 

Civil  Engineers,  Licensing  of. — Pro- 
test Against  Passage  of  Assembly 
Bill  for.  284;  Resolution  of  Gen- 
eral Conference  Committee  of  the 
Xation.il  Engineering  Societies 
Relative  to,  344;  Appointment  of 
Representatives  on  Proposed 
Joint  Committee  of  National  En- 
gineering Societies  on,  344 ;  De- 
cision of  Board  of  Direction  Rela 
tive  to  Committees  on.  642. 

Civil  Engineers.  Special  Committee  to 
investigate  Conditions  of  Em- 
ployment of.  and  Compensation 
of. — Appointment   of.    59.    65,    76. 

Claflin.  W'ri.i.iA.M  Be.mext.  — 
Elected  a  Member.  776. 

Clark,  John  James. — Elected  a 
Junior,  577. 

Clark,  Wayne  Al.mon. — Elected  a 
^lember,  414. 

Clarke.  Alfred  Henry. — Elected  a 
Junior,  577. 

(  i.AKKE,  E.  \V. — Resolution  by.  Rela- 
tive to  Presentation  of  Papers 
Before  the  Society.  59,  89. 

I  I.AKKE.  George  C. — C)n  Einance  Com- 
mittee. 66. 

Claisen.  Stanley  James. — Elected 
a  Junior.  415. 

Cleary.  Alfred  John. — Elected  an 
Associate  Member,  576. 


Ci.kment.  Sheldon  Byrne. — Elected 
a  Member,  340. 

Clifford.  \V.  W.— Awarded  the  Col- 
lingvvood  Prize.  58,  65,  70. 

"Coal  Piers  on  the  Atlantic  Sea- 
board,"  presented. . 778. 

Co(iHLAN.  Rai'Ier  Redmond. — Elected 
an  Associate  Member,  776. 

Cohen,  Abraham  Burton. — Elected 
an  Associate  Member,  414. 

Colas.  Nicholas. — Elected  a  Junior. 
640. 

CuLiJY.  Elmer  Ellsworth. — Elected 
a  Member,  2. 

Cole,  Edward  Smith. — Transferred 
to  (irade  of  Member,  410. 

Cole.  Ernest  Delevan. — Transferred 
to  (Jrade  of  Associate  ^lend)er. 
()4. 

Cole.  George  N. — Discussion  by,  1. 

Coleman.  Eugene  Hunter. — Elected 
a  Junior.  640. 

Coleman,  .Toiix  F.— Address  by.  On 
Local  Topographical  Peculiarities 
in  New  Orleans,  708;  On  Com- 
mittee of  Arrangements  for  New 
Orleans  Meeting,   711. 

Colgan.  Chari.es  Judson. — Elected 
an  Associate  Member.  776. 

Collier,  Ira  Leonard. — Elected  a 
Junior.   342. 

Collingwood  Prize. — Award  of.  58.  65. 
70. 

Collins.  Charles  Edwin. — Trans- 
ferred to  Grade  of  Member.  577. 

Collins,  Emmett  Fillmore. — Elected 
a   Mcm])er.   778. 

Collins.  Merton  Clyde. — Elected  a 
Junior.   577. 

CoL.MAN,  James  Bl.\ine  Thomas. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  641. 

Colorado  Association  of  Members  of 
the  American  .Society  of  Civil 
Engineers. — Abstract  of  Minutes 
of  Meetings  of,  180,  233,  353, 
354.  459.  460.  048.  71().  785. 

"Colorado  River  Siphon."  presented. 
340. 

Comber,    Stafford    Xavikk. — Elected 

an    Associate   Memi)er.    3. 
CoMi.Y,    Jamp:s    Retzer. — Elected    an 

Associate    Member,    280. 
("ommittee   of  Arrangements   for   An- 
nual   Meeting. — Appointment    ot. 
713,  781. 


VTII 


COMMITTEE. 

Committee  of  Arrangements  for  New 
Orleans  Meeting. — Members  of, 
711. 

Committee  on  A  National  Water 
Law. — Resolution  Relative  to 
Appointment  of,  340,  417,  644; 
Announcements  Relative  to  Ap- 
pointment of,  408,  413,  417,  450; 
Appointment  of,  644,  701. 

Committee  on  Bituminous  Materials 
for  Road  Construction. — Progress 
Report  of,  58,  76,   175. 

Committee  on  Building  Code. — Reso- 
lution Relative  to  Appointment 
of,  408,  417;  Announcement  Re- 
lative to  Appointment  of,  408, 
413,  417,  450. 

Committee  on  Concrete  and  Rein- 
forced Concrete. — Progress  Re- 
port of,   58,  73,   117. 

Committee  on  Engineering  Educa- 
tion.— Progress  Report  of,  58,  73, 
169. 

Committee  on  Finance. — Appoint- 
ment of,  66;  Report  of,  Covering 
the  Work  of  the  Employes  of  the 
Society  and  Their  Salaries,  283, 
285. 

Committee  on  Floods  and  Flood  Pre- 
vention.— Resolution  Relative  to 
Appointment  of,  340,  417 ;  An- 
nouncements Relative  to  Ap- 
pointment of,  408,  413,  417,  450, 
701 ;    Appointment   of,    775. 

Committee  on  International  Engineer- 
ing Congress,  1915. — Appoint- 
ment of  Society  Representatives 
on,   67,   283. 

Committee  on  Library. — Appoint- 
ment of,  66;  Report  of,  Relative 
to  the  Acoustics  of  the  Audi- 
torium, 344,  346. 

Committee  on  Nominations. — Ap- 
pointment of,  58,  70;  Text  of  Pro- 
posed Amendment  to  the  Con- 
stitution Relative  to,  430,  433; 
Discussion  on  Proposed  Amend- 
ment Relative  to,  431,  435; 
Presents  List  of  Nominees,  580. 
644;  Resolution  of  Board  of  Di- 
rection Relative  to  Change  in 
Method  of  Selecting  the,  580. 

Committee  on  Publication. — Appoint- 
ment of,  66. 

Committee  on  Steel  Columns  and 
Struts. — Progress  Report  of,  58, 
75.   170. 


COMMITTEE. 

Conmiittee  on  Stresses  in  Rails,  Ties, 
etc. — Resolution  Relative  to  Ap- 
pointment of,  408;  Announce- 
ment Relative  to  Appointment 
of,  413,  451. 

Committee  on  the  Valuation  of 
Public  Utilities. — Progress  Re- 
port  of,   58,   76. 

Committee  to  Codify  Present  Practice 
on  the  Bearing  Value  of  Soils 
for  Foundations,  etc. — Appoint- 
ment of,   67. 

Committee  to  Investigate  Conditions 
of  Employment  of,  and  Compen- 
sation of.  Civil  Engineers. — Ap- 
pointment of,  59,  65,  76, 

Committee  to  Recommend  the  Award 
of  Prizes. — Report  of,  58,  65,  69 ; 
Appointment  of,  580. 

Committees  of  Arrangement  for  An- 
nual Convention. — Appointment 
of,  287. 

Committees  on  Licensing  of  Civil 
Engineers. — Decision  of  Board  of 
Direction  Relative  to.  642. 

CoMPTON,  RUEL  Keith. — Elected  a 
Membei'.   776. 

CoMSTOCK,  Charles  W. — On  Special 
Committee  on  A  National  Water 
Law,   644,   701. 

Concrete  and  Reinforced  Concrete, 
Special  Committee  on. — Progress 
Report  of,  58.  73,  117. 

"Concrete  Bridges:  Some  Important 
Features  in  Their  Design,"  pre- 
sented and  discussed,  700. 

CoxKLix.  Charles  Denton,  Jr.  — 
Elected  an  Associate  Member,  63. 

CoxKLiNG,  Harold. — Elected  an  As- 
sociate Member,  776. 

CoNNELL,  W.  H. — Discussion  by,  62. 

Connelly,  Joseph  Augustine  Aloy- 
sius. — Elected  an  Associate 
Member,  63. 

Connor,  Edward  H, — Elected  a  Di- 
rector, 61.  100. 

Conrad,  Lowell  Edwin. — Transferred 
to  Grade  of  Member,  415. 

Constitution,  Proposed  Amendments 
to. — Report  of  Board  of  Direc- 
tion Relative  to,  59,  65,  77;  Ap- 
pointment of  Sub-Committee  on, 
67;  Discussion  on,  79,  412,  431, 
435,  443;  Report  of  Sub-Commit- 
tee on.  283:  Text  of,  430,  433, 
442. 


IX 


CONSTRUCTION. 


(ROSS. 


"Construction  Problems.  Dumbarton 
Bridge.  Central  California  Kail- 
way,"  presented  and  discussed, 
279. 

Converse,  \V.\rken  Hoover.  Jr. — 
Elected   an  Associate  Member.   3. 

Conway.  John  Seh.\.stian. — Trans- 
ferred to  Grade  of  Member.  4. 

Cook.  Richard  Hailev. — Elected  an 
Associate   ^leml)er.    22d. 

Cooke.  Chester.— Elected  an  Asso- 
ciate Member.  770. 

CooKSEY,  Robert  Mavin. — Elected 
an  Associate  Mendjer.  414. 

CooLEY.  Mortimer  E. — Xominated  as 
Director.   G44. 

CooMUs.  Philip  Henry. — Death  an- 
nounced. 279. 

CooMi;s.  R.  D. — Discussion  by.  279, 
;W9. 

Cooper.  Gilbert  Kenyon. — Elected 
an  Associate  Mend)er,  779. 

Cooper.  Samuel  Lispenard. — Death 
announced,  408. 

Cooper,  Sidney  Wooddell. — Elected 
an  A.ssociate  Membei-,  3. 

CouEY,  Ray  Howaro. — Transferred  to 
(irade  of  Mendx-r.  780. 

Cornish.  L.  D. — Discussion  by.  576. 

Corp.  Henry  William. — Transferred 
to  Grade  of  Associate  Member, 
411. 

Cory,  H.  T.— Paper  by,  2. 

CoLGHLiN,  William  Gouley. — Elected 
a  Member,  228. 

Coitlee.  C.  R.  F. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention. 287. 

(kak;.  John  Williajf. — Elected  a 
^^ember,   576. 

(  RANE.  Jacob  Leslie,  Jr. — Elected  a 
Junior.   779. 

•  RANK.       Joseph       Spencer. —  Trans- 
ferred to  Grade  of  Member.  4. 
Creager,  William  Pitcher. —  Elected 
a  Member,  638. 

Crehore.  W.  W. — Discussion  by,  407, 
(i38. 

Crocker.    Foster    Baldwin. — Trans- 
ferred    to     Grade     of     Associate 
Mendx'r.  4. 
Croll.    IIeri!ert    Greiss. — Elected    a 
Junior,  777. 

Crosby,  W.  W. — Discussion  by,  62, 
227,  637;  Presides  at  Meeting, 
62. 


Cross,  Frederick  George. — Elected 
an  Associate  Member.  576. 

Cruise,  Edgar  Dudley. — Elected  a 
Mend)er.   409. 

Crumpton,  Arthur. — Elected  a  Mem- 
ber. 576. 

Cbysler.  Arthur  Gareield. — Death 
announced.  230. 

CuLLEN,  Robert  Emmet. — Elected  an 
Associate   Mend)er.  280. 

CuLLiNCS,  Edwin  Sanford. — Elected 
an   Associate  Member,   576. 

Culver,  Arthur. — Elected  an  Asso- 
ciate Member.  341. 

Culyer,  Thurston  Carlyle.  — 
Elected    a    Member,    409. 

Cummings,  Robert  A. — On  Special 
Committee  to  Codify  Present 
Practice  on  the  Bearing  Value 
of  Soils  for  Foundations,  etc.. 
67. 

Cunningham.  Edward  Walter.  — 
Transferred  to  Grade  of  Mem- 
ber. 64. 

Cunningham.  Pinkney  Edward. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  411. 

Current  Engineering  Literature,  31. 
193.  248,  309,  377,  504,  602.  670. 
744.  800. 

Curtis.  Harold  Edwin. — Elected  a 
Junior,  281. 

Cutting,  Robert  Curtis. — Elected  an 
As.sociate   Member,   281. 

Dabney.  T.  G.— On  Special  Committee 
on  Floods  and  Flood  Prevention, 
775. 

Danforth,  Frederic. — Dealh  an- 
nounced, 578. 

Dabbow.  Wilton  Joseph. — Trans- 
ferred to  Grade  of  Member.  64. 

Darwin,  Walton  Pbuett. — Resolu- 
tion by.  408;  Transferred  to 
Grade  of  Member,  410. 

Daubenspeck,  Harry  Ross. — Elected 
a  Junior,  229. 

Daudt.  Ralph  Bru^re. — Elected  an 
As.sociate  Member,  .341. 

Davidson,  Thomas  Meredith.  — 
Elected  an  Associate  Member.  3. 

Davis.  Arthur  Albert. — Elected  an 
Associate  Member.  281. 

Davis.  Chandler. — Discussion  by. 
228.  ^ 


DAVIS. 


DOTY. 


Davis,  Frederick  Calvin. — Elected 
an  Associate.  3. 

Davis,  George  Henry. — Elected  a 
iMeniber,   77(i. 

Davis,  Meyer. — Elected  a  Junior, 
577. 

Davis,  Philip  Chapin. — Elected  an 
Associate  Member,  409. 

Day,  Ernest  Buel. — Elected  an  As- 
sociate Member,  281. 

Decker,  Frank  Warwick. — -Elected 
an   Associate  Member,   409. 

Defrees,  Morris  M. — Death  an- 
nounced, 4. 

Deiser,  Norman  Arthur. — Elected  a 
Junior,  410. 

Delamere.  Charles  Thomas.  — 
Elected  an  Associate  Member, 
281. 

Delaney.  Lewis  Henry. — Elected  a 
Junior,  040. 

Del6ry,  Eugene  Frank. — Elected  an 
Associate  Member,   341. 

Derleth,  Charles,  Jr. — On  General 
Committee  on  International  En- 
gineering Congress,  67,  283. 

Deutschbein,  Harry  Johnson. — 
Elected  an  Associate  Member,  3. 

Dexter,  Charles  Edwin. — Elected 
an  Associate  Member,  409. 

Deyo,  S.  L.  F. — On  Special  Commit- 
tee to  Investigate  Conditions  of 
Employment  of,  and  Compensa- 
tion of.  Civil  Engineers.  59,  66, 
76. 

Dignum,  Harry  Jocelyn. — Elected 
an  Associate  Member,  281. 

DiLWORTH,  Edward  Coe. — Transferred 
to  Grade  of  Associate  Member, 
780. 

Dinsmore,  Matthew  Raymond. — 
Elected  an  Associate  Member. 
03. 

Dodge,  Frank  Earle.  —  Elected  a 
Junior,  63. 

Dodge,  Ralph  Emerson. — Elected  an 
Associate  Member,  776. 

Donley,  William  McClurg.  — 
Elected. a  Member,  2. 

DooLiTTLE.  Frederick  William. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  416. 

DoRON,  Chahles  Slauter. — Elected 
an  Associate  Meml>er,  3. 

DoTEN.  Leonard  Smith.— Transferred 
to  Grade  of  Member,  411. 


Doty,  John  Williams. — Transferred 
to  Grade  of  Member,  4. 

Douglas,  Walter  J. — On  Special 
Committee  to  Codify  Present 
Practice  on  the  Bearing  Value  of 
Soils   for   Foundations,  etc.,   67. 

Douglas,  Walter  J.,  and  Eugene 
Klapp. — Awarded  the  Thomas 
Fitch  Rowland  Prize,  58,  65,  70. 

Douty,  Daniel  Ellis. — Elected  an 
Associate,  342. 

Downing,  Carl  E. — Elected  a  Junior. 
640. 

Doyen,  George  Evelyn. — Discussion 
by.  280;  Elected  an  Associate 
Member,  414. 

Doying,  William  Albert  Edward. — 
Transferred  to  Grade  of  Member, 
780. 

Drager,  Walter  Louis. — Transferred 
to  Grade  of  Associate  Member, 
342. 

Drake,  Henry  Philkins. — Elected 
an  Associate  Member.  779. 

Drane,  Brent  Skinner. — Transferred 
to  Grade  of  Member,  342. 

Drowne,  Henry  B. — Discussion  by, 
62. 

Drum,  Alphonsus  Ligouri. — Elected 
a  Member,  638. 

DiiURY,  William  Fisher. — Elected  a 
Junior,  229. 

Di'DER,  JoHN.-^Transferred  to  Grade 
of  Member,  411. 

DuFFEE.  Louis  W^arren. — Elected  an 
Associate  Member,   63. 

DuFRESNE,  A.  R. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 287. 

Dugan,  David  Hesba. — Elected  an 
Associate  Member,   576. 

Duggan,  G.  H. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 287. 

DuMouLiN,  Walter  Louis. — Trans- 
ferred to  Grade  of  Associate 
Member, -780. 

DuNCKLEE,  John  Butler. — Death  an- 
nounced. 641. 

Dunham.  Fred  Calvin. — Elected  an 
Associate  Member,   341. 

Dunham,   H.   F. — Discussion  by,  228. 

DuNNELLS.  Clifford  George.  — 
Transferred  to  Giade  of  Mem- 
ber, 230. 


XI 


DURFEE. 


EMANUEL. 


DuRFEE.     Joseph      Jav. — Elected      a 

Junior.  777. 
DiKHAM,   Henry   W. — Discussion  by, 

t>2. 
Durham,       Leicester. — Elected       a 

Member.  340. 
DiRYEA,     Edwin.     Jr. — On     Special 

Committee     to     Codify     Present 

Practice  on  tlie  Bearing  Value  of 

Soils   for   Foundations,   etc.,   67. 
DuRVEA.  Robert  Francis. — Elected  a 

Junior,  640. 
DusENBURY,     Allan     Theodore.   — 

Elected  a   Member.   280. 
Dykeman,  Conrad  Francis. — Elected 

an  Associate  Member,  576. 

Earl,  George  G. — Address  by,  On 
Sewerage.  Drainage,  and  Water- 
Works  of  New  Orleans,  700. 

Earle,  Warren  Clifford. — Elected 
an  Associa,te  Member,  63. 

Eason,  Frank  Gary. — Transferred  to 
Grade  of  Associate  Member,  777. 

Eastwood,  John  Samuel. — Elected  a 
Member.  576. 

Eaton.  J.  Shirley. — Discussion  by, 
638. 

Eddy.  H.  T. — Discussion  by,  407. 

Edgecomb,  Rex  Edward. — Elected  a 
Junior.  281. 

Edmunds,  Stanley  Harvey. — Elected 
a  Junior,  640. 

Edwards,  James  H. — Elected  a  Di- 
rector, 61,  100;  On  Publication 
Committee,  66;  On  Special 
Committee  on  Steel  Columns  and 
Struts,   642. 

Edy,  James  North. — Transferred  to 
Grade  of  Associate  Member,  282. 

Eldridge.  Griffith  Morgan. — Death 
announced,  340. 

Eliot,  William  Mack. — Elected  a 
Junior,  342. 

Elliott,  John  Stuart. — Death  an- 
nounced, 282. 

Ellis,  Fred.  E. — Discussion  by,  62. 

Ellis,  Gwynne  Wallace. — Elected 
an   Associate   Member,   576. 

Ellis.  Mayor. — Address  by,  412,  421. 

EiXMS.  Joseph  Wilton. — Elected  a 
Member.   280. 

Ellsworth.  Clarence  Eugene.  — 
Elected  an  Associate  Member.  63. 

Ely-,  John  Stanton. — Transfcncd  to 
Grade  of  Member,  640. 


I]  .MANUEL,  Morris  Cable. — Elected 
an  Associate  Member,  576. 

lunployment  of  Engineers. — Resolu- 
tion Relative  to  the,  59,  95. 

l*]nginecring  Education,  Special  Com- 
mittee on. — Progress  Report  of, 
58,   73,    169. 

Engineering  Services.  —  Resolution 
Relative  to  the  Marketing  of,  59. 
95. 

England,  Rollo  Guy. — Elected  an 
Associate  Member,  776. 

English,  Henry  William. — Elected 
a  Junior,  777. 

Entenmann,  Paul  Max. — Trans- 
ferred to  Grade  of  Associate 
Member,  64. 

Epps,  Frederick  William. — Elected 
an  Associate  Member,  341. 

EscH,  James  George. — Elected  an 
Associate   Member,   639. 

Espy,  Thomas  Willard. — Elected  an 
Associate  Member,   576. 

Esten,  Howard  Foss. — Transferred 
to  Grade  of  Associate  Member, 
64. 

Ethics  for  Engineers. — Resolution 
Relative  to  Proposed  Code  of,  60. 
96. 

EuRiCH,  Richard  He.nderson.  ■ — 
Elected  a  Junior,  229. 

Evans,  Joseph  Dean. — Elected  a 
Member,   280. 

Fairbairn.  John  Morrice  Roger. — 
Elected  a  Member,  576. 

Fales,  Almon  Lawrence. — Elected  a 
Member.  638. 

Farley,  William  Frederick.  — 
Elected  an  Associate  Member, 
281. 

Farrington,  Harold  Phillips.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,  230. 

Faucette,  William  Dollison.  — 
Transferred  to  Grade  of  Associate 
Member,   343. 

Fees. — Resolution  of  Board  of  Direc- 
tion Relative  to  Acceptance  of, 
by  Employes  of  the  Society,  67. 

Feigel,  John  Henry.— Transferred 
to  Grade  of  Associate  Member, 
641. 

Feild,  Hubbard  Moylan. — Elected  a 
Member,  638. 


XII 

FEINER.  FLOODS. 

Feiner,    Mark    Antony. — Elected    a  Floods  and  Flood  Prevention,  Special 

Junior.   779.  Committee  on. — Resolution  Rela- 

Felton,    Wiixiam    Reid. — Elected     a  tive  to  Appointment  of,  340,  417  ; 

Member,  228.  Announcements    Relative    to    Ap- 

Ferguson,     John     Ashley. — Elected  pointment  of.  408,  413.  417.  450, 

an  Associate  Member,  341.  701;  Appointment  of.  775. 

Ferras,    Felix. — Elected    a    Member,  Flook,   Lyman   Russell. — Elected   a 

414.  Junior.   779. 

Fertig,  Jerome  Henry. — Transferred  Floyd,     Ozro    Nowlin. — Elected    an 

to  Grade  of  Member,  640.  Associate  Member,  576. 

Field,      Clesson      Herbert. — Trans-  Flynn,    George    A. — Discussion    by, 

ferred     to     Grade     of     Associate  1,  2. 

Member,  777.  Follett,  W.  W.— Paper  by,  778. 

FiFER,   Frank   Preston. — Elected   an  Folling,    Bjarne    Nicolas. — Elected 

Associate  Member,  639.  an  Associate  Member,  414. 

FiGUEROA,  Octavio  Manuel. — Elected  Foote,    A.    DeVY. — Presides   at   Meet- 

an  Associate  Member,  3.  ing,   778. 

Finance  Committee. — Appointment  of,  Foote,      Arthur      Burling. — Trans- 

66;     Report     of.     Covering     the  ferred  to  Grade  of  Member,  777. 

Work    of    the    Employes    of    the  Fougner,       Nicolay       Knudtzon.  — 

Society  and   Their   Salaries,   283,  Elected  an  Associate  Member,  63. 

285.  FouQUET,  John  Douglas. — Death  an- 

Finch,      Stanley      Phister. — Trans-  nounced,   641. 

ferred     to     Grade    of    Associate.  Fowler.     Charles     Worthington. — 

343.  Elected  an  Associate  Member,  414. 

Fink,    Rudolph. — Death    announced.  Fowler,    Frank    Hoyt. — Elected    an 

230.  Associate   Member,   341. 

Finley,      Charles      MacFarlane. —  Fox,      Charles      Kirby. — Discussion 

Elected  an  Associate  Member.  63.  by,    409. 

Fisher,  E.  A. — On  Nominating  Com-  Francis,  George  Blinn. — Death  an- 

mittee,  58,  71.  nounced,  578. 

Fisher,  Howell  Tracy.— Transferred  Francis,     Howard     Lewis.— Elected 

to  Grade  of  ^Member.  4.  an  Associate  Member,  639. 

Fitting,     Harold     Hansen.— Trans-  Frank,     Leslie     Carl.— Elected      a 

ferred     to     Grade     of     Associate  Junior    779. 

Member,  578        ^     .      .        ^  Eraser,     Guy     Owen.— Elected     an 

Fitzgerald.   C.   C.— Invitaiion   from,  Associate  Member,   639. 

Relative  to  Place  for  Forty-sixth  j,,,,,^,^^^^,        Francis      Eugene.- 

Annual  Convention,  412,  425.  gj^^^^^     .^^^    Associate     Member, 

FitzGerald,      Desmond.  —  Presents  --,. 

Progress  Report  of  Special  Com-  ,,„    '          ..i        /-,        •          t^     i         cj.     i 

.,?            TT.      ■         •        T7I 1        i-  Preemantle     Graving     Dock:      Steel 

mittee  on  Engineering  Education,  ^-v           n       ^       i-           r         -vt     ^i 

Kc    -o  Dam      Construction      for      North 

FiTZPATRicK,      Francis      James.    -  };^'^"'"    P^-^sented    and    discussed, 


Elected     an     Associate     Member, 
639. 


French,    James    B. — Discussion    by, 

Fleming.  Str  Sandkord.— On  Commit-  ^'^'    ^^^• 

tee  of  Arrangements  for   Annual  FR^tz.     Edmond    Anthony.— Elected 

Convention,    287.  ^   Junior,   63. 

Flick.    John    Kramer.— Transferred  Frink,  F.  G.— Discussion  by,  227. 

to   Grade    of    Associate    Member,  Fritz.  John.— Death  announced,  228: 

416.  Resolutions  of  John   Fritz  Medal 

Flink.    Gustaf    Adolf. — Elected    an  Fund    Corporation    on    Death   of, 

Associate   Member,   281.  345. 

"Flood    Flows,"    presented    and    dis-  Frommek,  Charles. — Elected  a  Mem- 

cussod.   700.           •  ber.    409. 


XIII 


FKOST. 


GOLDSMITH. 


I'koSt,    Harry     Hk.nry. — ElecU'd    an 

Associate   Member,   40!). 
Frost.   Willis   Gkokge. — Transferred 

to    Grade    of    Associate    Member, 

230. 
FULCHER,    Il.\Y     Eug.\r. — Elected    an 

Associate  ^lember,  22!). 
Fuller.    George    W. — Nominated    as 

Director.  644. 
Fuller,  Weston  E. — Paper  by,  700; 

Presents  Paper,  775. 
Fulweiler,    W.\lter    H. — Discussion 

by,  62. 

Gailor,  Chester  Francis. — Elected 
an  Associate  Member,  409. 

Gales,  Robert  Richard. — Elected  a 
Member,  228. 

Gau-auher,  Joseph. — Elected  an 
Associate  Member,  3. 

Gandoli-o,  J.  H. — Discussion  by,  638. 

Gardner,  Harry  Carter. — Trans- 
ferred to  Grade  of  Associate 
^Member,  777. 

Gabdner,  Henry  James,  Jr. — Trans- 
ferred to  Grade  of  Associate 
Member,   64. 

Gardner,  Randall  Dunbar. — Trans- 
ferred to  Grade  of  Member,  230. 

Garvin,  Edgerton  Chester. — Trans- 
ferred to  Grade  of  Associate 
Member,  411. 

Gaynob,  Ja3IES  L. — Discussion  bv, 
62. 

Gebhardt,  John  Friedrich  Wil- 
HELM. — Elected  a  Junior,  63. 

Gerber.  Emil. — On  Finance  Com- 
mittee, 66. 

Gerhard.  Norman  Paul. — Elected  an 
Associate  Member,  281. 

Giesecke,  Fried  ERICH  Ernst. — 
Elected  a  Member,  229. 

GlESTING,        F  RANK        ALEXANDER. — 

Elected     an     Associate     Member, 

639. 
GiLLELEN,     Frank. — Transferred     to 

Grade   of   Associate   Member,   64. 
Gillette,     Halbert     P. — Discussion 

by,  638. 
Gn'AN,  Albert. — Elected  an  Associate 

Member.  776. 
Godfrey,     Edward. — Discussion     bv, 

407. 
Godwin,  W.  S. — Discussion  by,  02. 
Goldbeck.  a.  T. — Discussion  bv,  340. 


(ioLDSMiTH,  Clarence. — Transferred 
to  Grade  of  Member,  577. 

Goldsmith,  William. — Elected  an 
Associate  Member,  229. 

(iooDKELi.ow,  James  Gordon. — l']lecte(l 
a   Junior,   577. 

(iooDSELL,  D.  B. — Discussion  by,  637. 

(iORDON,  John  Blake. — Transferred 
to  Grade  of  Member.  640. 

(iouLD,  Chester  Mason, — Transferred 
to  Grade  of  Associate  Member, 
411. 

(JouLD,  John  Warren  DuBois. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  641. 

(JowEN,  John  Fellows. — Elected  a 
.Junior,    640. 

Grant,  Kenneth  Crothebs. — Trans- 
ferred to  Grade  of  Member,  230. 

Gravell,  William  Henry. — Trans- 
ferred to  Grade  of  Member,  415. 

Graves,  Edward  Michael. — Trans- 
ferred to  Grade  of  Member,  282. 

Graves,  George  Augustus. — Elected 
an  Associate  Member,   409. 

Gray,  Alexander. — Elected  a  Mem- 
ber, 280. 

Gbay,  George  Edward. — Death  an- 
nounced, 64. 

Gbay,  Habold  Earns  worth. — Dis- 
cussion by,   1;    Paper  by,    1. 

Gbay,  Harry  Matt. — Elected  an 
Associate  ilember,  229. 

Gbay.  Ralph  Moses. — Elected  a 
Junior,  415. 

Greeley,  Samuel  Arnold. — Trans- 
ferred to  Grade  of  Associate 
Member,   230. 

Greene.  Robert  Nesbitt. — Elected  a 
Junior,    229, 

Greene,  Kissell  de  Costa. — Elected 
an  Associate  Member,  409. 

Gregg,  John  Huston  Clark. — 
Elected  an  Associate  Member.  3. 

Gregory,  Ai.ired  C()<)KM.\n. — Trans- 
ferred to  Grade  of  Member,  777. 

Gregory.  C.  E. — Discussion  by,  700. 

Gregory.  John  H. — Discussion  by, 
227. 

Gregory,  Whitney  Irwin. — Elected 
a  Junior,   577. 

(i REINER.  J.  E. — Paper  by.  778. 

Gbepe,  .John  Stanley,  Jr. — Elected 
a  Junior,  640. 

Greth.  John  Charles  William. — 
Elected  a  Member,  229. 


XIV 


GRIFFITH. 


HARDING. 


Griffith,  John  Howell. — Trans- 
ferred to  Grade  of  Member,  411. 

Grimes,  Ernest  Edmund. — Elected 
an   Associate  Member,  63. 

Grimes,  James  Edward. — Elected  an 
Associate  Member,  229. 

Grimm,  Henry  England. — Death  an- 
nounced, 2. 

Griswold,  Harold  Wiley. — Elected 
a  Junior,  342. 

Groat,  Benjamin  Feland. — Paper 
by,  62 ;  Discussion  by,  63 ;  Trans- 
ferred to  Grade  of  Member,  640. 

Gross,  Henry  McCormick. — Elected 
an  Associate  Member,  281. 

Gross,  Joseph  Watson. — Transferred 
to  Grade  of  Associate  INIeniber. 
641. 

Grunsky,  C.  E. — On  Special  Com- 
mittee on  Floods  and  Flood  Pre- 
vention, 775;  On  General  Com- 
mittee on  International  Engi- 
neering Congress,  781. 

GuTMAN,  David. — Discussion  by,  280. 

Guttridge,  James  Addison. — Elected 
a  Member,  776. 

Haberle,  Edward  Louis. — Elected  a 

Junior,   779. 
Hall,  Louis  Wells. — Transferred  to 

Grade  of  Member,  415. 
Hall,    Ward. — Elected    an    Associate 

Member,  779. 
Halsey,  Mild  Clinton. — Transferred 

to    Grade    of   Associate    Member, 

411. 
Halsey,    Wallace    Haynes. — Trans- 
ferred    to     Grade     of     Associate 

Member,  282. 
Hamilton,  Peter  Davidson  Gunn. — 

Elected  a  .Junior,  64. 
Hamilton,        William        Gaston. — 

Death   announced,    64. 
Hammer,     Johannes     Marcelius. — 

Elected  a  Member.  2. 
Hammill,  Harold  Bernard. — Elected 

a  Junior,  281. 
Handley,        Harvey        Lockhart. — 

Elected     an     Associate     Member, 

414. 
Hanique,     Jules     Edmond. — Elected 

an  Associate  Member,  410. 
Hanna,  Frank  Willard. — Elected  a 

Member,  2. 
Hansen,     Paul.  —  Transferred     to 

(4rado  of  Member,  780. 


Harding,  Ralph  Lyman. — Elected  an 
Associate  Member,  576. 

Harding,  Sidney  Twichell. — Trans- 
ferred to  Grade  of  Associate 
Member,  343. 

Hardman,  R.  C. — Discussion  by,  1. 

Harlan,  Clarence  Haller. — Elected 
an   Associate   JNIember,   410. 

Harris,  F.  R. — Discussion  by,  575. 

Harris,  Guy  Walter. — Transferred 
to  Grade  of  Member,  230. 

Harris,  Henry  Alexander. — Death 
announced,  579. 

Harris,  Joseph  Samuel. — Elected  a 
Junior,  779. 

Harrison,  Christopher. — Elected  a 
Member,  340. 

Harrod,  Mrs.  B.  M. — Letter  from, 
707. 

Harrop,  James  Lawrence. — Elected 
an  Associate   Member,   639. 

Hart,  Richard  Ambrose. — Elected 
an  Associate  Member,  779. 

Harte,  C.  R. — Discussion  by,  409. 

Hartridge.  Earle  Menelas.  — 
Elected  an  Associate  Member. 
639. 

Harvey,  Herbrand. — Elected  a  Mem- 
ber,  280. 

Harwood,  George  A. — Address  by. 
On  Grand  Central  Terminal 
W^ork,   699. 

Haselton,  Gage. — Transferred  to 
Grade  of  Associate  Member,  4. 

Haskell.  Eugene  E. — Discussion  by. 
62 ;    Nominated  ^s  Director,   644. 

Haswell,  John  Robert. — Elected  a 
Junior,   410. 

Hatch,  Frederick  Nathaniel. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  64. 

Hatcher,  Thomas  Victor. — Elected 
a  Junior,  779. 

Hatt,  William  Kendrick. — Trans- 
ferred to  Grade  of  Member,  4. 

Haugh,  James  Charles. — Death  an- 
nounced, 578. 

Haupt.  Lewis  M. — Discussion  bv. 
409. 

Havens,  Verne  LeRoy. — Transferred 
to   Grade   of   Member,   577. 

Hawkesworth,  John. — Death  an- 
nounced, 4. 

Hawley,  Robinson  Wilber. — Elected 
a    Member,    638. 


XV 


HAYDOCK. 


HILDER. 


IIaydock,  Cuakles  William  Gbabe. 

—  Klecteil  ;i  .luiiior,  41U. 
llAY.NE,  Daniel  Caklos. — Elected  an 

Associate  Menibor,  341. 
IIayxes,      Geohue      Albekt. — Trans- 
ferred to  Grade  of  Mtaiiber,  282. 
Hays.     James     Buchanan. — Elected 

a    Junior,    640. 
Hay.s,  John  Coffee. — Transferred  to 

Grade  of  Member,  411. 
Hazen,  Ali,en. — Resolution  by,  Rela- 
tive   to    tlie    Appointment    of    a 

Special     t'ommittee     on     Floods. 

Flood     Prevention,     and     Allied 

Subjects,      340;      Discussion     by, 

340,   700,   775. 
Hedges.    Samiel    H. — J-Llected    a    Di- 
rector, Gl,   100. 
Heidel,       Benjamin       Fkanklin. — 

Elected    an    Associate    Member, 

410. 
Heidel,    Cuakles    Sum  nek. — Elected 

a  Junior,  415. 
Heiser,  a.  B. — Discussion  by,  280. 
Henderson,  Henri  Herbert. — Elected 

a  Member,  280". 
Hendrie,  John  Gibson. — Transferred 

to    Grade    of    Associate   Member, 

282. 
Henning,     Charles     Sumner,   Jr. — 

Elected  a  Junior,  779. 
Henkiques.       Edward       Joseph.  — 

Elected     an     Associate     Member, 

639. 
Herington,     George     B. — Elected     a 

Member,  280. 
Herrick.       Horace       TnEOPiiiLUS. — 

Death  announced,  411. 
Herschel,      Clemens. — On      Special 

Committee  on  A  National  Water 

Law,  644,  701. 
Herzig,     Solon. — Elected    a    Junior. 

640. 
Hess,     Alfred     Elmer. — Elected     a 

Member,  280. 
Hess.     Edwin     Wesley.— Elected     a 

Member,   341. 
Hess,  John  Strider. — Transferred  to 

Grade  of  Associate  Member,  416. 
Hewes.  Floyd  Sinnock. — Elected  an 

Associate  Member,  576. 
Hewes,  V.   H. — Discussion   by,  228. 
Heyman,    William. — Transferred    to 

Grade  of  Associate  ^lember,  230. 
Hickerson,  Thomas  Felix. — Elected 

an   Associate  Member,   63. 


IliLDER,  Fbazeb  C. — Discussion  by, 
339. 

Hill,  Frederic  Hamilton. — Elected 
an  Associate   Member,   281. 

Hill.  Harry  C. — Discussion  by,  62. 

Hinckley,  H.  V. — Discussion  by,  700. 

HiNDE.  Charles. — Elected  a  Junior, 
777. 

Hinds,  Arthur  Klock. — Elected  a 
Juiiio)'.  777. 

Hinds,  Franklin  Allen. — Death  an- 
nounced, 578. 

Hinman,  Herbert  Davis. — Elected 
an  Associate  Member,  410. 

Hinman,  Leroy  Race. — Transferred 
to  Grade  of  Associate  Member, 
777. 

Hinrichs,  Adolf. — Elected  a  Junior, 
281. 

HiROi,  I.— Paper  by,  228. 

Hirzel.  Alfred  Sparks. — Elected  a 
Junior,  577. 

Hitt.  Henry  Collins. — Elected  a 
Junior,  577. 

Hoad,  William  Christian. — Trans- 
ferred to  Grade  of  Member,  578; 
On  Special  Committee  on  A 
National  Water  Law,  644,  701. 

Hoag,  S.  W.,  Jr. — On  Nominating 
Committee,  58,  70. 

HoBART,  Albert  Claude. — Elected  a 
Member,  414. 

Hodge.  Henry  W. — Elected  a  Di- 
rector. 61,  100;  On  Finance 
Committee,  66;  On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 287 ;  On  Committee  on 
Arrangements  for  Annual  Meet- 
ing. 713.  781. 

Hoffman,  Luther  Romherger.  — 
Elected  an  Associate  Member,  576. 

Holgate,  H. — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 287. 

Holloway,  Roger  Tifft.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  343. 

Holly.  Jesse  Blaine. — Elected  an 
Associate   Member,   639. 

Holmes,  John  Albert. — Elected  a 
Member,  638. 

1  foLT.  Andrew  Hall.  —  Elected  a 
Junior,  577. 

HONNESS.  George  G. — Discussion  by, 
228. 


XVI 


HOKAN. 


HULL. 


HoKAN,  Harold  Joseph. — Elected  a 
Junior,   415. 

HoKNE,  Hakold  Wellixgto.n. — Trans- 
ferred to  Grade  of  Member.  780. 

HOBTENSTINE,         HeNRY         ROBERTS. — 

Transferred  to  Grade  of  Mem- 
ber,  64. 

HoRTON,  Robert  E. — On  Special  Com- 
mittee on  A  National  Water 
Law,   644,   701. 

Houston,  Robert  Hugh. — Elected  a 
Member,   639. 

HovEY,  0.  E. — Discussion  by,  279. 

Howard,  C.  P. — Discussion  by,  638. 

Howard,  Cecil  Ward. — Elected  a 
Junior,  3. 

Howard,  Ernest  Emmanuel. — Trans- 
ferred to  Grade  of  Member,  23(i. 

Howard,  J.  W. — Discussion  by,  62. 

Howard,  Joel  Manning. — Elected  an 
Associate    Member,    410. 

Howard,  John  Wardwell. — Elected 
an  Associate  Member,  229. 

Howard,  Ralph  Hills. — Elected  a 
Member,   414. 

Howe,  Clarence  Decatur. — Trans- 
ferred to  Grade  of  Associate 
Member,  343. 

Howe,  Lyman  Stanley. — Elected  an 
Associate  Member,  639. 

Howell,  Robert  Parsons. — Trans- 
ferred to  Grade  oi  Member,  230. 

Howes,  Donald  Winthrop. — Trans- 
ferred to  Grade  of  Associate 
Member,  416. 

Howie,  Howard  Benson  Wilber- 
force. — Transferred  to  Grade  of 
Member,  411. 

HowLAND,  Lewis  Abner. — Elected  a 
Member,  414. 

Hoynck,  Leo  Adolph. — Elected  an 
Associate  Member,  776. 

HoYT,   J.   C. — Discussion   by,   03. 

HoYT,  William  Glenn. — Elected  an 
Associate  Member,  414. 

Hubbard,  Prevost. — Discussion  by, 
62. 

HuDMAN,  Ellis. — Elected  an  Asso- 
ciate Member,  776. 

Huff,  Charles  Clayton. — Elected 
an  Associate  Member,  776. 

Hughes,  William  Richard,  Jr. — 
Transferred  to  Grade  of  Associate 
Member,  343. 

HuiE,  Irving  Van  Arnam. — Elected 
a  Junior,  342. 


Hull,  Gordon  Burnett  Gifford. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  64. 

Humphrey,  Richard  L. — Presents 
Progress  Report  of  Special  Com- 
mittee on  Concrete  and  Rein- 
forced  Concrete,  58,   73. 

Humphreys,  Alexander  C. — Discus- 
sion  by,   638. 

Hunicke,  William  August. — Trans- 
ferred   to   Grade    of    Member,    4. 

Hunt,  Charles  Warren. — Elected 
Secretary,  66;  On  Library  Com- 
mittee, 66;  On  General  Com- 
mittee on  International  Engi- 
neering Congress,  67,  283 ;  Dis- 
cussion by,  228 ;  On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 287  ;  On  Proposed  Joint 
Committee  of  National  Engineer- 
ing Societies  on  Licensing  of  En- 
gineers, 344 ;  On  Committee  of 
Arrangements  for  Annual  Meet- 
ing, 713,  781. 

Hunt,   Ralph   H.^-Discussion   by,    I. 

HURD,  HuRD  Ci-ARENCE. — Elected  a 
Member,  414. 

Hurdle,  Reginald  Truman. — Trans- 
ferred to  Grade  of  Associate 
Member,  777. 

Hurlbut,  William  Whitehead. — 
Elected  an  Associate  Member, 
576. 

Hurley,  John  Patrick. — Elected  an 
Associate  Member,  410. 

Husband,  Charles  Marsh. — Elected 
an   Associate  Member,  3. 

HuxTABLE,  William  Guirey. — Elected 
a  Junior,  777. 

"Hydrology  of  the  Panama  Canal," 
presented  and  discussed,  228. 

Ingalls,  .James  Warren. — Elected 
a   Junior,   229. 

Insley,  William  Henry. — Trans- 
ferred to  Grade  of  Member,  411. 

International  Engineering  Congress, 
1915. — Report  of  Secretary  Re- 
lative to,  60,  97;  Appointment  of 
Society  Representatives  on  Gen- 
eral Committee  on,  67,  283;  An- 
nouncements Relative  to,  349, 
414,    452;     Subscription    to,    642. 

International  Road  Congress,  3d. — Re- 
port of  Representatives  of  the 
Society  at  the,  637,  645. 


X\  II 


IRRIGATION. 


■  loiIXSON. 


"IrrifTution  and  River  Control  in  the 
Colorado  Rivor  Delta,"  presented 
and  discussed,  2. 

Irvine,  Fkedkkick  Huui:. — Elected 
an    Associate   Meinher.    415. 

Jackson,  Dugalu  C. — On  Special 
Committee  to  Investigate  Con- 
ditions of  Employment  of,  and 
Compensation  of,  Civil  En<ii- 
neers,  59,  66,   76. 

Jackson.  Edward  Sherman. — Elected 
a    Member,    229. 

Jackson,  Joseph  Frederick. — 
Elected  an  Associate  Member, 
576. 

Jacobs,  Jacob  Louis. — Elected  an 
Associate  Member,  410. 

Jah.ncke,  E.  L. — On  Committee  of 
Arrangements  for  New  Orleans 
Meeting,  711. 

James,  Edgar  Augustus. — Elected  a 
Member.   778. 

James,  Edwin  VVarley. — Elected  an 
Associate   Member,   415. 

James,  Robert  Lane. — Elected  a 
Junior,   777. 

Jamieson,  J.  a. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention,  287. 

Janni.  Aleredo  Carlo. — Discussion 
by.  7()() ;  Elected  a  Member,  778. 

Janvrin,  Ned  Herbert. — Death  an- 
nounced, 579. 

Jenkins,  Charles  Edwin. — Elected 
a  ileniber,  341. 

Jennings,  John  Edward.  —  Trans- 
ferred to  Grade  of  Member,  780. 

Jennings,  Perot  John. — Elected  an 
As.sociate  Member,  410. 

Jenrick,  William  Frederick.  — 
Elected  an  Associate  Member, 
779. 

Johnson,  Arcadius  Lars  Peter. — 
Elected  a  Junior,  410. 

Johnson,  David  Clayton. — Trans- 
ferred to  Grade  of  Associate 
IMember,  343. 

Johnson,  George  Arthur. — Trans- 
ferred to  Grade  of  Member,  41."). 

Johnson,  Granville. — Transferred 
to  Grade  of  Associate  Member, 
282. 

Johnson,  Henry  Stuart. — Elected  a 
Member.  409. 


Johnson,  Pheli's. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention,   287. 

Johnson,  Lewis  J.,  and  .John  11. 
Nichols. — Paper  by,  280. 

Johnston,  Clarence  T. — Discussion 
by,   775. 

JoiiXHTON,  J.  A. — Discussion  by,  61, 
62. 

Johnston.  Thomas  Stewart.  — 
Elected  an  Associate  Member, 
341. 

Johnstone.  Alan  Moore  Edward. — 
Elected  an  Associate  Member.  63. 

Jones,  Lee  Morgan. — Elected  an  As- 
sociate  Member,   415. 

Jones.  Owen  Meriwether. — Elected 
a  Member.  280. 

Jordan.  James  Carey. — Elected  an 
Associate  Member,  281. 

Jordan,  Myron  Kendall. — Trans- 
ferred to  Grade  of  Associate 
Mend)er,  780. 

Jouine,  Georges  Pierre  Ferdinand. 
— Transferred  to  Grade  of  Asso- 
ciate Member,   282. 

Jubb,  Sherman  Augustus. — Trans- 
ferred to  Grade  of  Member,  640. 

JuDELL,  Adolph. — Transferred  to 
Grade  of  Member,  578. 

JuDsoN,  William  V. — On  Special 
Committee  to  Investigate  Con- 
ditions of  Employment  of.  and 
Compensation  of.  Civil  P>ngi- 
neers,  59,  66,  76. 


Kaminsky,       Bennett. — Elected       a 

Junior,  415. 
Kastenhuber,  E.  G..  Jr. — Appointed 

Teller     to     Canvass     Ballot     for 

Officers,  57.  68. 
Kaufmann,       Ernst       Gustave.  — 

Elected  a  Junior,  640. 
Kay.  MiRRAY. — Elected  an  Associate 

ilembcr,   63. 
Kayser,  Edward  ^Iatthew. — Elected 

an  Associate  ilember,  639. 
Keefe,    David    Andrew. — Elected    a 

Member,  778. 
Keeper,  Charles  H. — On  Committee 

of     Arrangements      for      Annual 

Convention,     287;      Presides     at 

Meeting,  412.  419;  Nominated  as 

Director.  644. 


XVIII 


KEEFER. 


KINNEV, 


Keefer.  Thomas  Colteix. — On  Com- 
mittee of  Arrangements  for 
Annual  Convention,  287 ;  Elected 
an  Honorary  Member,  642. 

Keene.  William  Archibald,  Jr. — 
Elected  an  Associate  Member,  63. 

Keller,  William  Simpson. — Elected 
a  Member,  414. 

Kelley,  H.  G. — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 287. 

Kellogg,  Charles.  —  Death  an- 
nounced, 282. 

Kellogg,  Frances  William. — Elected 
an  Associate  Member,  341. 

Kelly,  John  Arthur. — Elected  a 
Junior,  410. 

Kelsey,  Louis  De  Cou. — Elected  an 
Associate  Member,  776. 

Kennedy.  John. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 287. 

Kerr,  Frank  M. — On  Nominating 
Committee,  58,  72;  On  Special 
Committee  to  Codify  Present 
Practice  on  the  Bearing  Value 
of  Soils  for  Foundations,  etc., 
67;  Presides  at  Meeting,  701; 
On  Committee  of  Arrangements 
for  New  Orleans  Meeting,  711; 
On  Special  Committee  on  Floods 
and  Flood  Prevention,  775. 

Kershaw,  George  Bertram  de 
Betham. — Elected  a  Member, 
280. 

Kershaw,  W.  H. — Discussion  by,  62. 

Kersting,  Felix  John. — Elected  a 
Member,  280. 

Kesner,  Henry  James. — Transferred 
to  Grade  of  Associate  Member, 
230. 

Khuen,  Richard. — On  Nominating 
Committee,  58,  71. 

Killam,  Charles  Wilson. — Trans- 
ferred to  Grade  of  Member,  282. 

"Kinetic  Effects  of  Crowds,"  presented 
and  discussed,  339. 

King,  Horace  Williams. — Elected  a 
Member,  576. 

Kingman,  Edward  Dyer. — Elected  an 
Associate  Member,  410. 

Kingsley,  Charles  Brown. — Elected 
an  Associate  Member,  229. 

Kinnear,  Wilson  Sherman. — 
Awarded  the  Norman  Medal,  58, 
65,   69. 


Kinney,  W.  M. — Appointed  Teller 
to  Canvass  Ballot  for  Officers,  57, 
68;    Discussion   by,   61. 

KiRCHGRABER,         HaMLIN         EARLE.   — 

Elected  a  Junior.  779. 
KiRKPATRiCK,  George  Dallas  Dixon. 

— Elected   an   Associate   Alember, 

776. 
Kittredge,     Frank     Alvah. — Trans- 
ferred    to     Grade     of     Associate 

Member,    578. 
Kitts,  Joseph   Arthur. — Elected  an 

Associate  Member,  779. 
Klapp,  Eugene,  and  W.  J.  Douglas. 

— Awarded     the     Thomas     Fitch 

Rowland  Prize,  58,  65,  70. 
Klein,      Roy      Alton. — Elected      an 

Associate  Member,  410. 
Klug,  Lebrecht  Julius. — Elected  an 

Associate  Member,  576. 
Knight,    Joseph    Marr. — Elected    a 

Member,   63. 
Knighton.  J.  A. — Discussion  by,  279. 
Knouse,  Homer  Virgil. — Elected  an 

Associate  Member,  341. 
Knowles,     Morris. — Discussion     by. 

2,  700;  On  Special  Committee  on 

Floods  and  Flood  Prevention,  775. 
Knox,    Stuart    Kelsey. — Elected    a 

Member,  280. 
Kohl,  Ernest  William,  Jr. — Elected 

an   Associate  Member,   415. 
Korsmo,     Amund     Marius. — Elected 

an  Associate  Member,  3. 
Kbach,  Fred  Roy. — Elected  a  Junior, 

415. 
Kriegshaber,  Victor  Hugo. — Elected 

a  Member,  280. 
Kromer,  Clarence  Herbert. — Elected 

an  Associate  Member,  341. 
Krone,  Arnold  Henry. — Transferred 

to  Grade  of  Member,  640. 
Kuersteiner,  Emil  Edward. — Death 

announced,    282. 
KuHL,     Herman     Charles. — Elected 

an   Associate  Member,   576. 
Kiichling.    E. — Discussion    by,    227, 

700. 

La   Bach,    Paul  Mayer. — Elected    a 

Member,  776. 
Lake,      Oeloff. — Death      announced, 

780. 
Lamb,    Sydney    Bishop.' — Elected    a 

Junior,  3. 
Lamphere,    Frank    Elmer. — Elected 

a  Member    638. 


XIX 


LANCE. 


LESTER. 


Lance,  John  Hancock. — Elected  a 
MemlxT,  .i7(i. 

L.\NUKK'ni.  William  B. — Discussion 
by,  778. 

Lane,  Fl'lton. — Elected  an  Asso- 
ciate Member,  ii'S. 

Lang,  Oliver  Howaud. — -Elected  a 
Junior,  64. 

Lantz,  Clarence  Ivan. — Elected  an 
Associate  Member,  G39. 

Larsen,  Henry. — Elected  an  Asso- 
ciate Member,  28  L 

L.\THROP,  Jay  Cowden. — Transferred 
to  Grade  of  Member,  04. 

Lauer.  Martin  Philippe. — Elected 
an  Associate  Member,  639. 

L.\URITZEN,  Lauritz. — Elected  an 
Associate  Member,  576. 

Lavis,  F. — Discussion  by,  576,  638. 

Lawrence,  Egbert  Vanhorn. — 
Elected  an  Associate  Member, 
o76. 

Laavrence,  Ralph  Jordan. — Elected 
an  Associate  Member,  281. 

Leahy,  Maurice  Joseph. — Trans- 
ferred to  Grade  of  Member,  4n. 

Leahy,  Thomas  Joseph. — Elected  an 
Associate   ilember,    639. 

J.EANE,  Walter  Burditt. — Trans- 
ferred to  Grade  of  Member,  578. 

Le.\vitt,  Charles  W.,  Jr. — Discus- 
sion  by,    6L 

Le  Conte,  L.  J. — Discussion  by,  2, 
228,    279. 

Lee,  Charles  H. — Discussion  by, 
575. 

Lee,  Chester  Sherman. — Elected  a 
Junior,  64. 

Lee,  Ernest  Eugene. — Elected  an 
Associate  Member,  229. 

Lee,  FliANCis  Valentine  Toluervv. 
— Death   announced,   641. 

Lee,  Frank  Osborn. — Elected  a 
•Tunior,   577.  , 

I,e?:ds,  Charles  Tileston. — Trans- 
ferred to  Grade  of  Member,  578. 

I.eefe,  Frederick  Ewhank. — Trans- 
ferred to  Grade  of  Member,   578. 

i.EESON,  Robert  V'oxartievelde. — 
Elected  a  Member.  341. 

l.KMHEKGEK.  Otto. — Elected  an  As- 
sociate Member.  776. 

Leonard,  Henry  R. — Elected  a  Di- 
rector, 61,  100. 

Lesley,  R.  A\  . — Discussion  bv,  61. 


Lester,  William  Junius. — Elected 
a  Member,  576. 

Letton,  Harry  Pike. — Transferred  to 
(iradc  of  Associate  Member,  780. 

Lewis,  E.  C— On  Library  Com- 
mittee, 66. 

Lewis,  E.  W.— Discussion  by,  409. 

Lewis,  Edward  Rowland. — Elected 
a  Member,  341. 

Lewis,  Harold  MacLean. — Elected 
a  Junior,  64. 

Lewis,  John  H.— Resolution  by.  Re- 
lative to  the  Appointment  of  a 
Special  Committee  on  Drafting 
A  National  Water  Law,  340; 
On  Special  Committee  on  A 
National   Water  Law,  644,   701. 

Lewis,  Nelson  P. — Discussion  by, 
62,  228;  Presents  Report  of  Rep- 
resentatives of  the  Society  at 
Third  International  Road  Con- 
gress, 637. 

Lewis,  Sidney  F.— On  Committee  of 
Arrangements  for  New  Orleans 
Meeting,   711. 

Library. — Accessions  to  the,  21,  183, 
236,  292,  357,  463,  588,  652,  720, 
789. 

Library  Committee. — Appointment  of, 
66 ;  Report  of,  Relative  to  the 
Acoustics  of  the  Auditorium, 
344,   346. 

Licensing  of  Civil  Engineers. — Pro- 
test Against  Passage  of  As.sembly 
Bill  for,  284;  Resolution  of  Gen- 
eral Conference  Committee  of 
National  Engineering  Societies 
Relative  to,  344;  Appointment  of 
Representatives  on  Proposed 
•loint  Committee  of  National  En- 
gineering Societies  on,  344 ;  De- 
cision of  Board  of  Direction  Rela- 
tive to,  642. 

Lichtenstein,  Harry. — Elected  a 
Junior,  342. 

Lightner,  George  W  Cass. — Trans- 
ferred to  Grade  of  Associate 
Member,   578. 

Lindbery,  Charles  Arthur. — 
Elected  a  Member,  638. 

Link.  John  William. — Elected  a 
Member,  776. 

Linenthal,  Mark. — Elected  an  As- 
sociate Member,  639. 

LipPiNcoTT.  J.  B. — On  Special  Com- 
mittee on  Floods  and  Flood  Pre- 
vention. 775. 


XX 

LOCAL.  McCRORY. 

Local  Associations  of  IVIembers  of  the  McCrory,  Thomas  George. — Trans- 
American  Society  of  Civil  Engi-  ferred  to  Grade  of  Associate 
neers. — Abstract    of    Minutes    of  Member.  230. 

Meetings   of,    180,   233.   353,  354,  McCurdy,     George     Earle.— Elected 
459,  585,  648.  649,  715.  716.  785,  an  Associate  Member,  576. 

786  :  Organization  of,  460.  580.  McDaniel,    George    Glenn. — Trans- 

LoGAN,   Hal   Helm. — Elected   an   As-  ferred     to     Grade     of     Associate 

sociate  Member,  229.  Member,  282. 

Lowell,  James  Bennett. — Elected  McDonald,  Hunter. — ^Nominated  as 
an   Associate  Member.   281.  President,    644. 

LowETH,  Charles  F. — On  Special  McGee,  Harold  Gilbert.— Elected  a 
Committee    to    Investigate    Con-  Junior,  779. 

ditions    of    Employment    of,    and  McIntyre,     W.     A. — Discussion     by, 
Compensation  of.  Civil  Engineers,  61. 

59,   66,    76;    Nominated   as   Vice-  McKernan,        Joseph        Newall. — 
President,  644.  Elected  an  Associate  Member,  229. 

Lund,  Sverre. — Elected  a  Member,  McKinney,  Francis  William. — 
778.  Transferred    to    Grade    of    Asso- 

LusK,    Charles    Winslow. — Elected  ciate  Member,  4. 

an  Associate  Member,  639.  McLeish,  Eobert  Douglas. — Elected 

Lyman,     James     Duncan    Knapp. —  an  Associate  Member,  779. 

Elected     an     Associate    Member,  McMillan,        William        Bruce. — 
410.  Elected  a  Junior,  3. 

Lyman,  Richard  R. — Paper  by,  775.  McNab,  William. — On  Committee  of 

Lynch,   Alexander   Sydney. — Trans-  Arrangements    for    Annual    Con- 

ferred    to     Grade     of     Associate  vention,  287. 

Member,  411.  McRae,  Henry  Clinton. — Elected  an 

Associate   Member,   341. 
McRae,  John  Bell. — Elected  a  Mem- 

MacCornack,      Clyde      Webster. —  ber,  341. 

Transferred    to    Grade    of    Mem-  McSwain,  Thomas  Rucker. — Elected 
ber,    4.  an    Associate    Member,    3. 

MacDonald,  Chakles. — Transferred  McWethy,  LeRoy. — Transferred  to 
to    Grade    of    Associate    Member,  Grade  of  Associate  Member,  578. 

641.  Magor,    Stuart    Fabian. — Elected    a 

MacGregor,  John. — Death  announce<l.  Junior,  3. 

65.  Mahon,    John    Montgomery,    Jr. — 

MacGregor,     R.     A. — Discussion     by,  Elected     an     Associate     Member. 

61.  229. 

Maclean,  William  Eustace. —  Mahone,  William,  Jr. — Transferred 
Elected  an  Associate  Member,  3.  to    Grade    of    Associate    Member, 

Macomber.  Stanley. — Elected  an  As-  416. 

sociate  Member,  229.  Mail,  Eugene  Frederick. — Elected  a 

McCausland,    Charles    Patterson.  Junior,  229. 

— Transferred  to  Grade  of  Mem-  Main,    Charles    T. — On    Nominating 
ber,  416.  Committee,  58,  71. 

McClean,  George  Thomas. — Elected  Malony,  Walden  LeRoy. — Trans- 
an    Associate    Member,    576.  ferred     to     Grade     of     Associate 

McClelland,   Carl   Armor. — Elected  Member,  416. 

an  Associate   Member,  415.  Manhard,   Edward. — Elected   an   As- 

McClure,    Harry    Clifford. — Trans-  sociate  Member,  776. 

ferred     to     Grade     of     Associate  Mansfield,       Walter       Huntley. — 
Member,  578.  Elected  a  Member,  576. 

McConnell,  Ira  Welsh. — Trans-  MAbch,  George  Miles. — Elected  an 
ferred  to  Grade  of  Member,   577.  Associate   Member,   341. 


XXI 


MARKS. 


MENGEL. 


Mabks,  Edwin  Hall. — Elected  a 
Junior,    577. 

Markwabt.  a.  H. — Discussion  bv. 
409. 

Martin,  Charles  C'hkistopiier. — 
Elected  an  Associate  Member. 
639. 

Martin,  Charles  Dewey. — Elected  a 
Member.  778. 

Martin,  Daniel  Howard. — Elected 
a  Member.  776. 

Martin,  Evan  Search. — Discussion 
by,  407;  Elected  an  Associate 
Member,   576. 

Martin,  John. — Transferred  to  Grade 
of   Member,   282. 

Marx,  Charles  D. — On  Library  Com- 
mittee, 66;  On  General  Commit- 
tee on  Interjiational  Engineer- 
ing Congress,  67,  283 ;  On  Special 
Cnniniittee  on  A  National  Water 
Law,  644,  701. 

M.\sters,  Frank  Milton. — Elected 
an  Associate  Member,  776. 

AL\theson,  Ernest  (tEorgk.— Trans- 
ferred to  Grade  of  Member,  64. 

Mathias,  Jared  Leroy. — Elected  a 
Junior,   640. 

>L\tson,  Thomas  Hatcher. — Elected 
an  Associate  Member,  639. 

.NLwwELL,  Wayne  Dickson. — Elected 
an  Associate  Member,  776. 

Mead,  Daniel  W. — On  Committee  to 
Recommend  the  Award  of  Prizes, 
580;  On  Special  Committee  on 
Floods  and  Flood  Prevention, 
775. 

"Measurement  of  the  Flow  of  Streams 
by  Approved  Forms  of  Weirs, 
with  New  Fornmlas  and  Dia- 
grams," presented  and  discussed, 
775. 

Meem,  J.  L.— Paper  by,  227. 

Meem,  James  C. — On  Special  Com- 
mittee to  Codify  Present  Practice 
on  the  Bearing  Value  of  Soils 
for  Foundations.  etc.,  67 ; 
Presents  paper,  227. 

>1EHREN,  Edward  John. — Transferred 
to  Grade  of  Associate,  4. 

Melin,  Oscar  Witxiam. — Elected  a 
Junior.  779. 

Melliss,  David  Ernest. — Death  an- 
nounced, 778. 

Membership.— Additions,  26,  188.  240. 
299,  .363.  475.  .5!t5.  658,  730.  796; 
Changes    of    Address,     242.     302, 


367,  488,  596,  663,  735;  Rein- 
statements, 191,  307,  669;  Resig- 
nations, 28.  192,  307,  376,  .503, 
669,  799;  Deaths,  29,  192,  247, 
308.  376.  503.  601,  669,  743,  799. 

Mengel,  Carl  Wayne. — Elected  a 
Junior,  281. 

Mensch,  L.  J. — Discussion  by,  280. 
407. 

Merrick,  Horace  Guy. — Elected  an 
Associate  Member,  34 1 ;  Death 
announced,   700. 

Merrill,  Oscar  Charles. — Trans- 
ferred to  Grade  of  Member,  282. 

Messenger,  W.  H. — Discussion  by,  62. 

Metcalf,  Leonard. — Elected  a  Di- 
rector, 61,  100;  On  Finance  Com- 
mittee,  66. 

Metcalfe,  Joseph  Davis. — Elected 
an   Associate  IMember,   281. 

Meyer,  Adolph  Frederick. — Trans- 
ferred to  Grade  of  Member,  777. 

Michener,  Howard  Perry. — Elected 
a  Junior,  342. 

Mieth,  Richard  Elam. — Transferred 
to  Grade  of  Associate  Member. 
230. 

Miller,  Arthur  Barrett. — Elected  a 
Member,  280. 

Miller,  Charles  H. — Discussion  by, 
62. 

Miller,  Hugh. — Elected  an  Associate 
Member,  410. 

Miller,  James  Blaine. — Elected  an 
Associate  Member,  281. 

Miller,  John  Owen. — Elected  a 
Junior,   415. 

Miller,  John  William. — Transferred 
to  Grade  of  Associate  IMember, 
578. 

Miller,  Spencer. — Paper  by,  1 ;  Dis- 
cussion liy,   1,  2. 

Miller,  Washington  J. — Elected  a 
Member,   2. 

Miller,  Willard  Preston. — Elected 
an  Associate  Member,  779. 

Mills,  Adelbert  Philo. — Transferred 
to  Grade  of  Associate  Meml)er. 
578. 

Mills,  George  Clark. — Elected  a 
I\rember.  409. 

Miner,  Erwin  John. — Elected  an 
Associate  Member,  779. 

Miniites  of  Meetings  of  the  Bond  of 
Direction.  65,  66.  67.  283.  344. 
417.  418.  580.  642,  781. 


XXII 


MINUTES. 

■Minutes  of  Meetings  of  the  Society,  1, 
2,  57,  01,  62,  68,  227,  228,  279, 
280,  339,  340,  407,  408,  412,  419, 
423,  575,  637,  638,  699,  700,  775, 
778. 

MiTCHAM,  George  Nathan. — Trans- 
ferred to  Grade  of  Member,  411. 

Mitchell,  C.  H. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 287. 

Mix,  Edgar  Henry. — Elected  an  As- 
sociate Member,  281. 

"Modern  Pier  Construction  in  New 
York  Harbor,"  presented  and  dis- 
cussed, 575. 

Moffat,  James  Alexander. — PJlecteil 
an  Associate  Member,   281. 

MoLiTOR,   F.   A. — Discussion   by,   638. 

Monroe,  Robert  Ansley.— Elected  a 
Junior.   281. 

Monsarratt,  Charles  Nicholas. — 
Elected  a  Member,  229. 

Montfort,  Richard. — Nominated  as 
Director,   644. 

Montlily  List  of  Recent  Engineering 
Articles  of  Interest.  31,  193.  248, 
309,  377.  504,  602,  670,  744,  800. 

Moore,  Charles  Rea. — Elected  an 
Associate  Member,  577. 

Moore,  Sherman. — Elected  an  Asso- 
ciate Member,  281. 

Moore,  Walter  Smyth. — Transferred 
to  Grade  of  Associate  Member. 
416. 

Moorefield,  Charles  Henry. — 
Elected  an  Associate  Member, 
341. 

Morgan,  Arthur  Ernest. — Trans- 
ferred to  Grade  of  Member,  230; 
Discussion  by,  700. 

Moritz,  E.  a. — Discussion  by,  700, 
775. 

Morris,  Edwin  Thaddeus  Albinus. — 
Elected  an  Associate  Member,  410. 

Morrison,  Christopher  George.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,   641. 

Morrow,  Ben  Stogden. — Elected  an 
Associate   Member.    341. 

Morrow,  Clarence  Edgar. — Elected 
a  Junior,  415. 

Morse,  Frederick  Thurlough.  — 
Elected  a  Junior,  777. 

Morse,  Harold  Marston. — Elected  an 
Associate  Member,  779. 


MOSES. 

Moses,  Carroll. — Elected  an  Asso- 
ciate Member,  776. 

MosMAN,  Alonzo  Tyler. — Death  an- 
nounced,  579. 

Moss,  William  Benjamin. — Elected 
an  Associate  Member,  3. 

MuKASA,  Seitaro. — Elected  a  Mem- 
ber, 778. 

Mulholland.  William. — On  Nomi- 
nating Committee,  58,  73. 

Murphy,  James  Joseph. — Elected  an 
Associate  Member,  415. 

Murray,  Everett  Bodman. — Elected 
an  Associate  Member,  281. 


National  Water  Law,  Special  Commit- 
tee on  A. — Resolution  Relative 
to  Appointment  of,  340,  417,  ()44 ; 
Announcement  Relative  to  Ap- 
pointment of,  408,  413,  417,  450; 
Appointment  of,  644,  701. 

Nelson,  George. — Elected  an  Asso- 
ciate Member,   3. 

Nelson,  James  William.— Elected  a 
Member,   638. 

New  Orleans  Meeting. — Minutes  of, 
700,  701;  Excursions  and  Enter- 
tainments at,  711;  Committee  of 
Arrangements  for,  711;  Attend- 
ance at,  712. 

Newell,  F.  H. — On  Special  Commit- 
tee on  A  National  Water  Law, 
644,  701. 

Newman,  Jerome. — Elected  a  Mem 
ber,  2. 

Nichols,  John  Robert. — Paper  by, 
280,  407;  Discussion  by,  407; 
Transferred  to  Grade  of  Asso- 
ciate Member,  578. 

Nichols,  Walter  Swain. — Elected  a 
Member,  63. 

NicoLAYSEN,  Albin  G. — Discussiou 
by,  638. 

Nimmo,  William  Hogarth  Robert- 
son.— Elected  an  Associate  Mem- 
ber,  281. 

Noble,  Alfred. — On  Special  Commit- 
tee to  Investigate  Conditions  of 
Employment  of,  and  Compensa- 
tion of.  Civil  Engineers,  59,  6(i. 
76. 

Noble,  Harry  Alonzo. — Elected  a 
Member,   576. 

Noland,  Clarence  J. — Elected  an 
Associate  Member,  639. 


XXIII 

NOLAND.  PAINE. 

XoLAXD,    Clthbert     Powell.    Jr. —  Paine,   Paul  McClary. — Elected   an 

Elected     an     Associate     Member,  Associate  Member,  229. 

639.  Palmer,  George  Bushnell. — Elected 

Xoniinations,      Committee      on. — A])-  an  Associate  Member,  281. 

pointmeiit    of,    58,    70;    Text    of  Palmer.  Wallace  Cromwell  Allen. 

Proposed      Amendment      to      the  — Elected   an   Associate   Member, 

Constitution     Relative     to,     430,  341. 

433 ;      Discussion     on     Proposed  Pani.  Arturo. — Elected  an  Associate 

Amendment     Relative     to,     431,  Member,  229. 

435;    Presents  List  of  Nominees,  Papers.    Presentation    of. — Resolution 

.")S{).  (i44 ;  Resolution  of  Board  of  Relative    to,    59,    89;    Discussion 

Direction   Relative   to  Change   in  on,     89;     Appointment    of     Sub- 
Method  of  Selecting  the,  580.  Committee     to     Report     on     Im- 
Norcross,     Paul     Howes.  —  Trans-  provement     in     Method     of,     67 : 

ferred  to  Grade  of  Member,  342.  Data  Relative  to,  103;  Report  of 

Norman    Medal. — Awaid    of,    58,    65,  Board   of  Direction   on   Improve- 

09.  ment    in    Method    of,    412,    417, 

429. 
Parker,   Dorsey   Julian. — Elected   a 

OcKERSON,     John     A. — Presides     at  Member,  414. 

Meeting.  2;    Resolution  by.  710;  Parker,  Harold. — Discussion  by,  61; 

On  Special  Committee  on  Floods  Presides  at  Meeting,  62. 

and  Flood  Prevention,  775.  Parker.  Henry  Brackette. — Elected 

O'Connor,    Maurice    Paul. — Elected  a  Junior,  3. 

a   Junior,  64.  Parker,   James    Edwin. — Elected    an 

O'DoNNELL,  John  Aloysius. — Elected  Associate  Member,  639. 

an  Associate  ^Member,  776.  Parker.    William   Edward. — Elected 

Officers   and   Management  of   Society.  a  Member,  229. 

— Text  of   Proposed   Amendment  Parmelee,  Charles  Lester. — Elected 

to   the   Constitution   Relative   to.  a  Member,  63. 

442 ;      Discussion     on     Proposed  Parshall,     Ralph     Leroy. — Elected 

Amendment   Relative  to,  443.  an  Associate.  3. 

O'Hara,    Michael    Jo.seph. — Elected  Parsons,  H.  de  B. — Paper  by,  340. 

an  Associate  Member,  410.  Parsons,     Maurice     G. — Paper     by, 

Okes,      Day      Ira.— Transferred      to  409,  638. 

Grade  of  Associate  Member,  230.  Partridge.  John  Frederick. — Elected 

Okey,     Charles     William. — Elected  a  Junior,  64. 

an  Associate  Member,   639.  Patstone,       Lewis       Frederick.  — 

Olds.  Robert  Franklin. — Elected  an  Elected  a  Member,  280. 

Associate  ^Member,  776.  Patterson,      Charles      Lawson.  — 

Olson,  John  Nathaneal. — Elected  a  Elected     an    Associate     Member, 

•Junior.  777.  415. 
"On    Long-Time    Te-sts    of    Portland  Pattison,    Hugh. — Elected    a    Mem- 
Cement,"  presented,  228.  ber,  229. 
O.STROM,   Charles   Douglas    Yelver-  Payne,    Louis    Watters. — Elected   a 

TON. — Elected  a  Junior,  415.  -Junior.  779. 

Owen,  James. — Discussion  by,  1,  61.  Payrow.     Harry     Gordon.  —  Trans- 

62,  227,  279,  340.  ferred     to     Grade     of     Associate 

Member,  780. 
Pearse,     Langdon. — Transferred     to 

Packard.    Ambrose. — Elected   an   As-  Grade  of  Member,  416. 

sociate  Member,  63.  Pease,      Floyd     Odell. — Elected      a 

Page.     Logan     Waller. — Discussion  Member,  638. 

by,  339.  Peek.  Jesse  Hope. — Elected  a  Junior, 

Paget,    John    Portman. — Elected    a  777. 

Member,  280.  Pelz.  Carl  E. — Discussion  by,  62. 


XXIV 


PERRILLIAT. 


PORTEK. 


Perriixiat,  Ars:6ne. — Address  by, 
On  Mississippi  River  Control. 
708;  On  Committee  of  Arrange- 
ments for  New  Orleans  Meeting, 
711. 

Peterson,  John  Ferdinand. — Elected 
an  Associate  Member,  639. 

Peverley,  Ralph  St.  Lawrence. — 
Elected  an  Associate  Member. 
779. 

Phelps,  Howard  Eastwood. — Elected 
an  Associate   Member,   3. 

Philadelphia  Association  of  Members 
of  the  American  Society  of  Civil 
Engineers. — Announcement  Rela- 
tive to,  408,  413,  417,  450. 

Phillips,  Howard  Cawthorne. — 
Transferred  to  Grade  of  Member. 
411. 

Phillips,  James  Vernon. — Trans- 
ferred to  Grade  of  Associate 
Member.   777. 

Phillips,  Jasper  Marion. — Elected 
a  Member,  414. 

Phillips,  Richard  Edward. — Elected 
an  Associate  Member,  341. 

"Physical  Valuation  of  Railroads," 
presented  and  discussed,  638. 

PiCKFOHD,  Edmund  John. — Elected  a 
Junior,  3. 

Pickles,  John  Louis. — Elected  an 
Associate    Member,    281. 

Pill,  John  Richard. — Transferred 
to  Grade  of  Member,  230. 

Pinner,  Guy. — Elected  an  Associate 
Alember,  770. 

Piper,  Harry  Paul,  Jr. — Elected  a 
Junior,  777. 

Pitman,  Laurence  Minot. — Elected 
a  Junior,  640. 

Plummer,  Alec  Alfred. — Elected  a 
Junior,  281. 

Polhamus,  Royal  Albert. — Elected 
a    Member,   2. 

Polk,  Armour  Cantrell. — Trans- 
ferred to  Grade  of  Member,  641. 

Pommerer,  Robert  William.  — 
Elected  an  Associate  Member. 
415. 

Pontzen,  Ernest. — Death  announced. 
700. 

PoouE,  Herbert  Carleton. — Discus- 
sion by,  62;  Transferred  to 
Grade  of  Associate  Member,  578. 

Pope,  Charles  Stockton. — -Elected  a 
Member,   638. 


Porter,   George   Frederick. — Elected 

a  Member,  638. 
Porter,  Howard  Samuel. — Elected  a 

Junior,  342. 
Portland    Association   of   Members   of 

the    American    Society    of    Civil 

Engineers.   —   Organization      of, 

580;     Abstract     of     Minutes     of 

Meetings  of,  786. 
Porzelius,     Albert      Frederick.   — 

Elected  a  Junior,  3. 
Post,    Chester    Leroy. — Transferred 

to  Grade  of  Member,   578. 
Post,    George    Browne. — Death    an- 
nounced,  780. 
PosT-NiKOV,    Fred    Alexis. — Elected 

an  Associate  Member,  341. 
Potter,    Edwin    James. — Transferred 

to    Grade    of   Associate    Member, 

641. 
Potts,   Robert   Joseph. — Elected    an 

Associate  Member,  779. 
Powell,     William     Jenner. — Trans- 
ferred    to     Grade     of     Associate 

Member,   578. 
Pback,    Bernard    Herman. — Elected 

a  Member,  341. 
Pratt,  Arthur  Henry. — Transferred 

to  Grade  of  Member,  411. 
Pratt,     Carey     Simon. — Elected     an 

Associate  Member,  410. 
"Prevention    of    Mosquito    Breeding," 

presented  and  discussed,  1. 
Price,    Charles    P. — Discussion    by, 

61,  62. 
Price,  W.  G.— Discussion  by,  62. 
Prichard,   Henry   S. — Discussion  by. 

339. 
Priest,  Henry  Malcolm. — Elected  a 

Junior,  777. 
Prizes,  Committee  to  Recommend  the 

Awaid  of. — Re])ort  of,  58,  65,  69; 

Appointment  of,  580. 
Public    Utilities,    Special    Committee 

on    the    Valuation    of. — Progress 

Report  of,  58,  76. 
Publication     Committee.  —  Appoint- 
ment of,   66. 
PURDY,  S.  M. — Discussion  by,  575. 

Quimby,  H.  H. — Resolution  by.  Rela- 
tive to  Acoustics  of  Auditorium, 
60,   99;    Discussion   by,   339,    700. 

Radenhurst,  William  Napier. — 
Death   announced,   408. 


x  x  \ 


RAFF 


REPORT. 


Raff,  H.  G.— Discussion  by,  280. 
R.\KKSTRAw.     Charles     Lysandeu. — 

KK'cti'd  a  .lunior,  410. 
Ka.msmotiia.m.      Joshua      Fielden. — 

Paper  by.  280. 
Raxoouf,   Chaki.es   Andrew. — Trans- 
ferred to  Orade  of  Member,  780. 
Ranki.n,    Edwaiu)   S. — Discus.sion   by, 

227 
Raschk;.    Frank    Loris. — Elected    a 

Member,  576. 
Rasmlssen,     Alvin     Christian.  — 

Elected  a  Junior,  64. 
Ratii.tens,       George       Willia.m.  — 

Elected     an     Associate     Member, 

410. 
Ray,    Norman    Gilman. — Elected    an 

Associate  Member,  6.39. 
Raymond,  Charles  Walker. — Death 

announced,  343. 
I^AYNOR.  Clarence  Webster. — Trans- 
ferred to  Grade  of  Member,  641. 
Rea,    Richard    Willls. — Elected    an 

Associate  Member,  779. 
Real  y  Gaillard,  Juan. — Elected  a 

Member,  409. 
"Recent     Improvements    in     Leveling 

Instruments,"   presented,  407. 
Redfield.      Charles     Monteith.    — 

Elected  a  Member,  409. 
Redlien.    William    Henry. — Elected 

a  Junior,  342. 
Reed,   Ralph    John. — Transferred    to 

(irade  of  Associate  MembtM-.  641. 
Reed.    William    Belden,    Jr. — Deatli 

announced,  343. 
Reeve.    Leroy    Xorman. — Elected    an 

Associate  Member.  .577. 
Reid,   Cecil   Latta. — Elected   an   As- 

-sociate  Member,  41.5. 
Reilly,    Charles    Gilbert. — Elected 

a  Junior.  342. 
Reimann-Hansen,    Roukkt    Loiis. — 

Transferred    to    Grade    of    Asso- 
ciate Member.  64. 
"Reinforced    Concrete    Bridge    Acioss 

the    Almendares    River,    Havana. 

Cuba,"      awarded      the      Thomas 

Fitch  Rowland  Prize,  58,  65,  70. 
Reinke.        Frederick       Jarrett.   — 

Elected  a  Member,  414. 
Report  of  Board  of  Direction.   10.  .57, 

68. 
Report   of    Board    of   Direction    Rela- 
tive to  Improvement  in  Method  of 

Presentation  of  Papers.  412.  417, 

429. 


Report  of  Board  of  Direction  Rela- 
tive to  Proposed  Amendment  to 
the  Constitution.  59,  65,  77,  283. 

Report  of  Committee  on  Bituminous 
jMaterials  for  Road  Construction, 
58.  76.   175. 

Report  of  Committee  on  Concrete  and 
Reinforced  Concrete,  58,  73, 
117. 

Itcpoi  t  of  Committee  on  Engineering 
Education.  58,  73,   169. 

Report  of  Committee  on  Steel 
Columns  and  Struts,  58,  75,  170. 

Report  of  Committee  on  the  Valua- 
tion of  Public  Utilities,  58,  76. 

Report  of  Committee  to  Recommend 
the  Award  of  Prizes,  58,  65,  69. 

Report  of  Finance  Committee  Cover- 
ing the  Work  of  the  Employes  of 
the  Society  and  Their  Salaries, 
283,  285. 

Report  of  Library  Committee  Rela- 
tive to  the  Acoustics  of  the 
Auditorium,  344,  346. 

Report  of  Representatives  of  the  So- 
ciety at  the  Third  Inteinational 
Road  Congress.   637,  645. 

Report  of  Secretary.  18.  57,  68. 

Report  of  Secretary  Relative  to  Pro- 
posed International  Engineering 
Congress,  60,  97. 

Report  of  Secretary  Relative  to  Time 
and  Place  for  Holding  Forty- 
sixth  Annual  Convention,  412, 
424. 

iJeport  of  Tellers  on  Vote  for  Officers, 
60,   100. 

Report  of  Treasurer.   20,   57,  68. 

Reports  of  Special  Committees. — 
Resolution  of  Board  of  Direction 
Relative  to  the  Presentation  of, 
67. 

Reppert,  Charles  Miller. — Elected 
a  Member.  638. 

Resolution  of  Board  of  Direction 
Relative  to  Acceptance  of  Fees 
or  Gratuities  by  Employes  of 
the  Society.  67. 

IJesolution  of  Board  of  Direction 
Relative  to  Change  in  Method  of 
Selecting  the  Nominating  Com- 
mittee. .580. 

Resolution  of  Board  of  Direction 
Relative  to  Presentation  of  Re- 
ports of  Special  Committees,   67. 
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RESOLUTION. 

Resolution  of  General  Conference 
Committee  of  National  Engineer- 
ing Societies  Relative  to  the 
Licensing  of  Civil  Engineers, 
344. 

llesolution  of  New  Orleans  Meeting 
Extending  Greetings  to  Mrs. 
B.  M.  Harrod,  711. 

Resolution  Relative  to  Acoustics  of 
Auditorium,  60,  99. 

Resolution  Relative  to  Appointment 
of  a  Special  Committee  on  Draft- 
ing A  National  Water  Law,  340, 
417,  644. 

Resolution  Relative  to  Appointment 
of  a  Special  Committee  on 
Floods,  Flood  Prevention,  and 
Allied  Subjects,  340,  417. 

Resolution  Relative  to  Appointment 
of  a  Special  Committee  on  Ideal 
Building  Code,  408,  417. 

Resolution  Relative  to  Appointment 
of  a  Special  Committee  on 
Stresses  in  Rails,  Ties,  etc..  408. 

Resolution  Relative  to  Increasing  the 
Capacity  of  the  Society  House. 
60.  98. 

Resolution  Relative  to  Presentation 
of  Papers  Before  the  Society,  59. 
89 ;   Discussion  on,   89. 

Resolution  Relative  to  Proposed  Code 
of  Ethics  for  Engineers,  60,  96. 

Resolution  Relative  to  the  Marketing 
of  Engineering  Services,  59,  95. 

Re\^olds,  Raymond  Edgar.  — 
Elected  an  Associate  Member, 
281. 

Rhodes,  Glenn  Vernon. — Trans- 
ferred to  Grade  of  Associate 
Member,  343. 

Rice,  Rowland  Grenville. — Trans- 
ferred to  Grade  of  Associate 
Member,   780. 

Richardson,  Charles  Potter.  — 
Elected  an  Associate  Member. 
639. 

Richardson,  Clifford. — Discussion 
by,  62,  700. 

RiDGWAY,  Robert. — On  Publication 
Committee,  66 ;  Address  by.  On 
Rapid  Transit  in  New  York  City. 
228 ;  On  Proposed  Joint  Commit- 
tee of  National  Engineering  So- 
cieties on  Licensing  of  Engineers, 
344 :  Presides  at  Meeting,  699, 
775;  On  Committee  of  Arrange- 
njents  for  Annual  Meeting,  713, 
781. 


RIEDEL. 

RiEDEL,  John  Charles. — Transferred 
to  Grade  of  Member,  578. 

Rights,  E.  J. — Discussion  by,  409. 

Rights,  L.  D. — Discussion  by,  228, 
279. 

Ripley,  Blair.  —  Transferred  to 
Grade  of  Member,  230. 

RiSLEY,  Warner  Irelan. — Elected  an 
Associate  Member,  410. 

"Road  Construction  and  Mainte- 
nance."— Minutes  of  Special 
Meetings  for  Topical  Discussion 
on,  61,  62;  Discussion  on,  61,  62. 

Road  Construction,  Special  Commit- 
tee on  Bituminous  Materials  for. 
— Progress  Report  of,  58,  76, 
175. 

Roberts,  Caesar  Rodney. — Elected 
a  Junior,  640. 

Robertson,  Alexander  King.  — 
Elected  a  Member.  778. 

Robinson,  E.  F. — Discussion  by,  340. 

Robinson,  Harry. — Elected  an  As- 
sociate Member,  341. 

Robinson,  Holton  Duncan. — Trans- 
ferred to  Grade  of  Member,  4. 

Roby,  Thomas  Walton,  Jr. — Elected 
an  Associate  Member,   639. 

Rockwell,  Selden  Emmett. — Elected 
an  Associate  Member,   639. 

Rockwood,  Edward  Farnum.  — 
Transferred  to  Grade  of  Mem- 
ber,   578. 

Rockwood,  Nathan  Chamberlain. — 
Elected    an  Associate,   415. 

Romanowitz,  Charles  Millichamp. 
— Elected  a  Junior,  779. 

Root,  Joseph  Eugene. — Elected  an 
Associate  Member,  779. 

Rose,  Alston  Orange. — Elected  a 
Junior,  415. 

Rosenthal,  J.  J. — ^Discussion  by,   1. 

Ross,  C.  W. — Discussion  by,  61. 

Ross,  James. — Death  announced,  641. 

Ross,  Robert  John. — Elected  an  As- 
sociate Member,  341. 

RossiG.  Edgar  William. — Elected  a 
Junior,   342. 

RoTHROCK,  William  Powell. — 
Elected   a   Member,   229. 

RouRKE,  Joseph  Aloysius. — Elected 
a  Member,  229. 

Rowe,  Donald  Hefley. — Elected  a 
Junior,  342. 

Rowland  Prize. — Award  of,  58,  65. 
70. 


XXVII 

ROYALL.  SATTLEY. 

HoYAi.L,      EnwABu      Manly.      Jr. —  Sattlky,  Robebt  Cablos. — Elected  a 

Elected  a   Member,  576.  Member.  576. 

Ruggles.       William       Walker.  —  Saunders,    Walter    Bowen. — Trans- 
Elected  a  .hinior.  410.  forred  to  Grade  of  Member,  777. 

Russell.    Alexander    Allen    Mac-  (Saville,    Caleb    Mills. — Paper    by, 

Vicar. — Transferred  to  Grade  of  228. 

Associate.    64.  Saville,     Charles. — Discussion     by, 
Russell,    Cl^vud. — Elected    an    Asso-  227;    On    Special    Committee    on 

ciate  Member,  415.  Floods  and  Flood  Prevention,  775. 

Russell,   \'erney   Warren. — Elected  S.vwyer,    Ernest    Walker. — Elected 

an  Associate  Member,  415.  a   Junior,   342. 

Rust.     Charles     H. — Elected     Vice-  Sayles,  Robert  Wilson. — Death  an- 

President.     61,     100;     On     Com-  nounced,   408. 

mittee  of  Arrangements  for  An-  Schade,     Charles    George. — Elected 

nual  Convention,  287.  a  Member,   229. 

Rust,  Henry  Preston. — Transferred  Schaeffer.     Amos. — Discussion     by, 

to  Grade  of  Member,  777.  62. 

Ruth,   Abraham    John. — Elected    an  Sciilafly,    Roy    Karl. — Elected    an 

Associate   Member,   229.  Associate  Member,    577. 

Ruth,     Edgar     Kingsbury. — Trans-  Schlumpf,  Oscar  Leonard. — Elected 

f erred     to     Grade     of     Associate  a  Member,  341. 

Member,   416.  Schneider,    Anton. — Transferred    to 
Ruthebfurd,   Robert   A. — Discussion  Grade  of  Member,   416. 

by,  1.  Schneider,   E.   J. — Paper   by,   279. 

Ryan,  John  Pierce. — Elected  an  As-  Schobinger,  George. — Paper  by,  340; 

sociate   Member,   341.  Transferred    to    Grade    of    Asso- 

ciate  Member,  416. 
Sciireiber.        Hermann        Victor. — 
Sachse,   Richard. — Elected  an   Asso-  Transferred    to    Grade    of    Mem- 

oiate  M(MMber.  776.  .her.  411. 

Safford,     Arthur     T. — On     Special  Sciiroeder,    Seaton,    Jr. — Elected    a 

Committee  on   Floods  and   Flood  Junior.  230. 

Prevention,  775.  Scobey,       Frederick       Charles.  — 
Safford,    H.    R. — On    Committee    of  Elected     an     Associate    Member, 

Arrangements    for    Annual    Con-  281. 

vention.  287.  Scott,  Dunbar  D. — Paper  by,  407. 

Salmon,  John  McClure. — Elected  a  Seabuby,      George      Tilley. — Trans- 
Member.   409.  f erred  to  Grade  of  Member,  342. 

Sampson,    George    Arthur. — Elected  Seattle    Association    of    Members    of 

an   Associate   Member.   63.  the    American    Societj'    of    Civil 

Sanborn,      Thomas,      and      Aktihk  Eno^ineers. — Organization  of,  460, 

Taylor.— Paper  by,  339.  580. 

Sandelands,     Edward     Burchard. —  Secretary. — Report    of,     18,    57,    68; 

Elected  a  Junior,  342.  Report   of.   Relative  to   Proposed 

Sands,  Edw.\rd  Emmet. — Transferred  International     Engineering     Con- 

to  Grade  of  Member.  64.  gress,    60.    97;    Election    of,    66: 

Sandstedt.    Carl    Edward. — Elected  Report  of,  Relative  to  Time  and 

a  Junior,  410.  Place     for    Holding    Forty-sixth 

San    Francisco    Association    of   Mem-  Annual    Convention,    412,    424. 

hers  of  the  American   Society  of  Seelye,  E.  E. — Discussion  by,  280. 

Civil      Engineers. — Abstract      of  Segura.       Valeriano.  —  Elected       a 

Minutes  of  Meetings  of,  353,  459,  Junior,   640. 

715,   716.  Seibebt,    Percy   Allen. — Elected   an 
Sangeb,    Walter    Max. — Transferred  Associate  Member,  3. 

to    Grade    of   Associate   Member.  Sell,  William  Dbumm. — Transferred 

230.  to  Grade  of  Member.  578. 


XXVIII 


SELLEW. 


SMITH. 


Sellew,  F.  L. — On  Special  Commit- 
tee on  Floods  and  Flood  Preven- 
tion, 775. 

Seymour,  Horatio,  Jr. — Elected  a 
Junior,  281. 

Shank,  Lyman  Chambers. — Elected 
an  Associate  Member,  410. 

Shankland,  Edward  C. — On  Special 
Committee  to  Codify  Present 
Practice  on  the  Bearing  Value 
of  Soils  for  Foundations,  etc., 
67. 

Shankland,  Ralph  Graham.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,  578. 

Shanly,  James  Moore. — Death  an- 
nounced. 2. 

Sharon,  John  Joseph  Henry. — 
Elected  an  Associate  Member. 
577. 

Sharples,  Philip  P. — Discussion  bv, 
61. 

Shaw,  A.  M. — Address  by,  703;  On 
Committee  of  Arrangements  for 
New  Orleans  Meeting,  711. 

Shaw,  Franklin  Dickinson.  — 
Elected   a   Member,    638. 

Shaw,  John  Archibald. — Elected  an 
Associate  Member,  415. 

Shaw,  Percy  AuGusTUS.^Elected 
an   Associate  Member,   341. 

"Shearing  Strength  of  Construction 
Joints  in  Stems  of  Reinforced 
Concrete  f-Beams,  as  Shown  by 
Tests,"  presented  and  discussed, 
280. 

Shepard.  Edward  Lewis. — Elected 
an  Associate  Member,  281. 

Sheppard,  Norman  Kirkwood.  — 
Elected  a  Junior,  779. 

Shertzer,  T.  B. — Discussion  by,  576. 

Sherwood,  Wakeman  Francis. — • 
Elected  a  Junior,  640. 

Sibley,  L.  P. — Discussion  by,  61. 

Sills,  John  Muir.— Elected  a  Mem- 
ber, 638. 

Simpson,  John  Thomas. — Elected  a 
Member.  414. 

Sinclair,  Leonard  Hanscombe. — 
Elected  a  Junior,  640. 

Skinner,  Benjamin  Baker. — Elected 
an  Associate  Member,  776. 

Skinner,  F.  W. — Discussion  by,  228. 

Small,  Gilbert. — Transferred  to 
Grade  of  Associate  Member,  777. 

Smillie,  Ralph. — Elected  a  Junior, 
640. 


Smith,  Burton. — Elected  a  Member, 
638. 

Smith,  Charles  Edward. — Elected  a 
Member,  638. 

Smith.  Chester  Kitcii. — Elected  an 
Associate  Member,  779. 

Smith,  Clarence  Urling. — Trans- 
ferred to  Grade  of  Associate 
Member,  64. 

Smith,  Francis  P. — Discussion  by,  62. 

Smith,  George  Edson  Philip.  — 
Transferred  to  Grade  of  Member, 
780. 

Smith,  Harold  Garfield. — Elected 
an  Associate  Member,  63. 

Smith,  Henry  Plumer. — Elected  an 
Associate  Member,  3. 

Smith,  Herbert  James. — Elected  an 
Associate   Member,   410. 

Smith,  Herbert  Yates. — Elected  an 
Associate  Member,  776. 

Smith,  J.  Waldo. — Elected  Vice- 
President,  61,  100;  Presides  at 
Meeting,  62,  227,  228,  339,  407, 
408,  575,  637,  700;  On  Library 
Committee,  66, 

Smith,  Jonathan  Rhodes. — Trans- 
ferred to  Grade  of  Associate 
Member.   342. 

Smith,  Walter  Mickle.  Sr. — Paper 
by,  700 ;   Discussion  by,  700. 

Smith,  Walter  Mickle,  Jr.— Elected 
a  Junior,  3;   Paper  by,  700. 

Smith,  William  Andrew. — Elected 
a  Junior,  640. 

Smith,  William  Ernest. — Trans- 
ferred to  Grade  of  Member,  641. 

Smith,  Wilson  F. — Discussion  bv, 
700. 

Smoot,  Lloyd  Duvall. — Elected  a 
Member,  414. 

Smulski,  Edward. — Elected  an  As- 
sociate  Member,   63. 

Snow,  Jonathan  P. — On  Publication 
Committee,  66;  Discussion  by, 
280,  409,  576;  Motion  by.  Re- 
lative to  Appointment  of  Special 
Committee  on  Stresses  in  Rails, 
Ties,   etc.,   408. 

Snyder,  Baird.  Jr.  —  Death  an- 
nounced, 780. 

Snyder.  Frederic  A. — Discussion  by, 
1,  576. 

Snyder,  Hunter  Imboden. — Trans- 
ferred to  Grade  of  Associate 
Member,  4. 


XXIX 


SOCIETY. 


STANIFORD. 


Society  House. — Resolution  Relative 
to  Increasing  the  Capacity  of,  GO, 
98 ;  Resolution  Relative  to 
Acoustics  of  Auditorium  of,  60, 
99 ;  Report  of  Library  Commit- 
tee Relative  to  Acoustics  of 
Auditorium  of,  344,  346. 

SOHIER,  WiLXJAM  D. — Discussion  by, 
62. 

Soils  for  Foundations,  etc..  Special 
Committee  to  Codify  Present 
Practice  on  the  Bearing  Value 
of. — Appointment  of,   67. 

Solomon,  Gabriel  Roberts. — Trans- 
ferred to  Grade  of  Member,  342. 

"Some  Experiments  with  Mortars 
and  Concretes  Mixed  with 
Asplialtic  Oils,"  presented  and 
discussed,  339. 

SoPER,  George  A.^-Discussion  by, 
340. 

Soul6,  Frank. — Death  announced, 
230. 

Soutiiern  California  Association  of 
Members  of  the  American  So- 
ciety of  Civil  Engineers. — An- 
nouncement Relative  to,  781. 

Sovereign,  ITarry  Evans. — P^lected 
an  Associate  Member,  281. 

Spe.arman,  Ch.\rles. — Death  an- 
nounced,  279. 

Speed,  James  Breckinridge. — Death 
announced,  2. 

Spence,  David  Wendel. — Elected  a 
Member,  638. 

Spengler,  Frederick. — Elected  an 
Associate  Member,  410. 

Sperry,  Louis  Newton. — Elected  an 
Associate  ilember.  341. 

Spofford,  Charles  M. — On  Commit- 
tee to  Recommend  the  Award  of 
Prizes.    580. 

Sprol,  Samuel  .Joseph. — Elected  an 
Associate   Member,   639. 

Squibb,  George  Sampson. — Elected 
a   Junior,   415. 

Staehle,  Gilbert  Cobb. — Elected  a 
Junior.  779. 

Stafford,  Edward  Sattley. — Elected 
an  Associate  Member,  776. 

Stallings,  John  Robert. — Elected  a 
Junior,   777. 

Stalnaker,  Russell  Howard. — 
Elected  an  Associate  Member,  776. 

Stanage,  John  Lynch. — Elected  an 
Associate    Member.    3. 


Staniford,  Charles  W. — Discus&ion 
by,  63 ;   Paper  by,  575. 

Starkweather,  Alfukd  Kenneth. — 
Elected  a  Junior,  3. 

"Statical  Limitations  Upon  the  Steel 
Requirement  in  Reinforced  Con- 
crete Flat  Slab  P^loors,"  pre- 
sented and  discussed,  407. 

Stauffer,  David  McNeely. — Death 
announced,  228. 

Stava,  William. — Elected  a  Junior, 
64. 

Stearns,  Frederic  P.  —  Presents 
Progress  Report  of  Si)ecial  Com- 
mittee on  the  Valuation  of 
Public  Utilities,  58,  76. 

Steel  Columns  and  Struts,  Special 
Committee  on. — Progress  Re- 
port of.  58.  75,   170. 

Steep,  James  Bigelow. — Elected  an 
Associate  Member,  63. 

Steere,  Edmund  Job. — Elected  a 
Member,  638. 

Steese,  James  Gordon. — Transferred 
to  Grade  of  Associate  Member, 
780. 

Stegner,  Clifford  Mir.Tox. — Trans- 
ferred to  Grade  of  Member,  416. 

Steinhauser,  Harry  Herman.  — 
Elected  a  Junior.  64. 

Stengel,   C.   H. — Discussion   by,   .)76. 

Stevens,  Roe  Loomis. — Elected  an 
Associate  Member,  415. 

Stevenson,  James  Cummin. — Elected 
an   Associate  Member,   229. 

Stevenson,  John  Dickson. — Elected 
an  Associate  Member,  4L5. 

Stew.\rt.  Frank  Clyde. — Elected  a 
.Junior,   640. 

Stewart,  James  Robert. — Elected  a 
Junior,  415. 

Stewart,  S.  J. — Discussion  by,  62. 

Stilson,  .Jay  .\lvord. — Elected  an 
Associate   Member,   341. 

Stock.  Harry. — Elected  an  Associate 
Member,  281. 

Stocker.  Edw.\rd  Charles. — Trans- 
ferred to  Grade  of  Associate 
Member.  777. 

Stone,  George  Burrill. — Elected  an 
Associate  Member,  341. 

Stott,  Samuel  Edwin. — Elected  an 
Associate   Member,   341. 

Stresses  in  Rails,  Ties.  etc..  Special 
Committee  on. — Resolution  Rela- 
tive    to     Appniiitniont     of,     408; 


XXX 


SrillXGFELLOW. 


TAYLOR. 


Announcement  Relative  to  Ap- 
pointment of,  413,  451. 

Stbingfellow,  Harris  Martyn. — 
Elected  an  Associate  Member. 
229. 

Strong,  A.  M. — Paper  by,  575. 

Strong,  James  Boorman. — Trans- 
ferred to  Grade  of  Member,  282. 

Strouse,  VV.  F. — Appointed  Teller  to 
Canvass  Ballot  for  Officers,  57. 
68. 

Struckmann,  Holger. — Transferred 
to   Grade   of   Member,   342. 

Stubblefield,  Garfield.  —  Trans- 
ferred to  Grade  of  Member,  777. 

Stuhrman,  Edward  Ahlert.  — 
Elected  an  Associate  Member. 
410. 

Sudler,  Charles  Eugene. — Elected 
a  Member,  638. 

Sullivan,  Murray. — Transferred  to 
Grade  of  Member,  342. 

Sullivan,  Vernon  Lyle.  —  Trans- 
ferred to  Grade  of  Member,  578. 

Sun.  Mau. — Elected  a  Junior,  777. 

SuTTLE,  Clifford  Bradley. — Trans- 
ferred to  Grade  of  Associate 
Member.   64 1 . 

Swain,  George  F. — Elected  Presi- 
dent, 61,  100;  Address  bv,  61. 
100,  412,  423,  705;  Presides  at 
Meeting,  61,  280,  340,  412.  423, 
638,  700;  On  General  Committee 
on  International  Engineering 
Congress,  67,  283;  On  John  Fritz 
Medal  Board  of  Award,  781. 

SwARTz,  Frederick  Peter. — Elected 
an  Associate  Member,  341. 

Sweetser,  C.  H. — Discussion  by,  227. 

Symonds,  George  Roscoe  Blaine. — 
Elected  an  Associate  Member. 
229. 


Taft,  Harrison  S. — Discussion  bv. 
575. 

Tate,  Robert  L'Hommedieu.  — 
Elected  a  Junior,  230. 

Taylor,  Arthur,  and  Thomas  San- 
born.— Paper  by,  339. 

Taylor.  Edwy  Lycurgus. — Elected 
an  Associate  Member,  639. 

Taylor,  HEffRY  William. — Elected 
an  Associate  Member.  63. 

Taylor,  John.  —  Transferred  to 
(Jrade  of  Member.  777. 


Taylor.  Nelson. — Transferred  to 
Grade  of  Associate  Member,  416. 

Teal,  .Jonathan  Ernest. — Trans- 
ferred to  Grade  of  Associate 
Member,  641. 

Tellers. — Appointed  to  Canvass  Bal- 
lot for  Election  of  Officers,  57, 
68;  Report  of,  On  Vote  for  Of- 
ficers, 60,   100. 

"The  Detroit  River  Tunnel," 
awarded  the  Norman  Medal,  58, 
65,    69. 

'"The  Effect  of  Saturation  on  the 
Strength  of  Concrete,"  presented 
and  discussed,  700. 

"The  Elevation  of  the  Tracks  of  the 
Philadelphia,  Germantown  and 
Norristown  Railroad.  Philadel- 
phia, Pa.."  presented  and  dis- 
cussed,  409. 

"The  Infiltration  of  Ground-Water 
into  Sewers,"  presented  and  dis- 
cussed,  63,   227. 

"The  Philosophy  of  Engineering," 
presented  and  discussed,  409. 

"The  Prewitt  Reservoir  Proposition," 
presented,  637. 

"The  Sanitation  of  Construction 
Camps,"  presented  and  dis- 
cussed,   1. 

"The  Storage  of  Flood  Waters  for 
Irrigation:  A  Study  of  the  Sup- 
ply Available  from  Southern 
California  Streams."  presented 
and  discussed,   575. 

Thomas.  William  John. — Elected  a 
Member.   63. 

Thomes,  E.  H. — Discussion  by,  61, 
62,  637. 

Thompson,  Sanford  E. — Discussion 
by.  61. 

Thomson,  Alexander,  Jr. — Trans- 
ferred to  Grade  of  Member,  780. 

Thomson.  T.  Kennard.  —  Presides 
at  Meeting,  1,  279;  On  Library 
Committee.  66;  Discussion  by, 
228,  279,  340,  638. 

Thorne,  Jent  George. — Elected  an 
Associate  Member,  63. 

Thornley,  Julian.  —  Death  an- 
nounced,  4. 

"Tidal  Phenomena  in  the  Harbor  of 
New  York,"  presented  and  dis- 
cussed, 340. 

TiDD.  Arthur  Warren. — Transferred 
to  Grade  of  Member,  342. 


XXXI 


TILDEN. 


TRUESDELL. 


TiLDEN,  Charles  Joseph. — Paper  by, 
339;  Transferred  to  Grade  of 
Meiiiher.    411. 

TiLLSON,  Georgk  \V. — On  Special 
Committee  to  Investigate  Coiuli- 
tions  of  Employment  of.  and 
Compensation  of,  Civil  Engi- 
neers, 59,  GO,  76 ;  Discussion  hv, 
62.    637. 

Tilt.  Garrkt  Edward. — Transferred 
to  Grade  of  Member,  342. 

Tinker.  C.  A. — Appointed  Teller  to 
Canvass  Ballot  for  Officers,  57, 
68. 

TiRRELL.  Charles  Edwards. — Trans- 
ferred to  Grade  of  Associate 
Member,  64. 

Tisdale,  Charles  Harry. — Death 
announced,   343. 

Titus,  Herbert  Chase. — Elected  an 
Associate.  281. 

ToBix.  James  Joseph. — Elected  a 
Junior,  415. 

Todd.  Clarence  Lionel. — Elected  an 
Associate  Member,  639. 

Toexxiges.  Ferdinand  Emil.  — 
Elected  a  Member,  409. 

Toll.  Roger  Wolcott. — Transferred 
to    Grade    of   Associate    Member, 


Everett      Franklin. — 
an     Associate     Member, 


Tom  LIN  SON. 
Elected 
639. 

"Topographical  Surveys  ]Made  by  the 
American  Section  of  the  Inter- 
national Boundary  Commission, 
United  States  and  Mexico,"  pre- 
sented and  discussed.  778. 

Torre.  Alberto  de  la. — Death  an- 
nounced.  579. 

TowNSEXD,  C.  McD. — On  Special  Com- 
mittee on  Floods  and  Flood  Pre- 
vention. 775. 

Townsend,  Frank  Thorn. — Elected 
an  Associate  Member,  281. 

Treasurer. — Report   of.    20,    57,    68. 

Trelease.  Frank  Johnson. — Trans- 
ferred to  Grade  of  Associate 
Member.  282. 

Tbibcs,  L.  L. — Discussion  by,  62. 

Trost.  Adolphus  Gustavus.  — 
Elected  an  Associate  Member, 
577. 

Trout,  Harry  Edgar. — Elected  a 
Member,  776. 


Truesdell,    Archie   Merle. — Elected 

a   Junior.  410. 
TuLLocK.      Hubert      Southwick.    — 
Elected     an     Associate     Member, 
410. 

TURNEAURE,       FREDERICK       EUGENE. — 

Transferred  to  Grade  of  Mem- 
ber, 416. 

Turner.  C.  A.  P. — Discussion  by, 
407. 

TuTTLE,  Arthur  S. — Nominated  as 
Director,  644. 

Twining.  William  Stanton.  — 
Elected  a  Member,  576. 

Tye.  W.  F. — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion. 287. 

Ulrich.  J.  C— Paper  by.  637. 

Vandemoer,  Nicholas  Corneilius. — 
Elected  an  Associate  Member. 
639. 

Vandervoort.  Benjamin  Franklin. 
— Transferred  to  Grade  of  Asso- 
ciate  Member,   416. 

Van  Etten.  Percy  Hixon. — Elected 
a  Junior,  64. 

Van  Hook,  Franklin  James.  — 
Elected  an  Associate  Member, 
341. 

Van  Liew,  John  Edgar. — Trans- 
ferred to  Grade  of  Member,  777. 

Van  Ornum,  J.  L. — Paper  by,  700. 

Van  Scoyoc.  Harry  Stewart.  — 
Elected  an  Associate  Member,  3. 

Veatch.  Nathan  Thomas,  Jr. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  641. 

Vehrenkamp.  Henry  Willlam.  — 
Death   announced.   343. 

Veltfort.  Theodore  Ernst. — Elected 
a  Junior,  230. 

Vincent,  William  Hubert. — Elected 
an  Associate  Member,  779. 

Volckman.  G.  W. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 287. 

von  BLiJciiER,  Conrad  Meuly.  — 
Elected  an  Associate  Member, 
639. 

von  Geldern,  Edward. — Transferred 
to  Grade  of  Associate  Member, 
416. 

Von  Phul.  William. — Elected  a 
Member.  778. 


XXXIl 


VOSHELL. 


WATSON. 


VosHEM,.  James  Theodoue. — Elected 
a  Member,  414. 


Waddell,  Needham  Everett.  — 
Tiiinsfeired  to  Grade  of  Asso- 
ciate Member,  343. 

Wagner,  Samuel  Tobias.  —  On 
Special  Committee  to  Codify 
Present  Practice  on  the  Bearing 
Value  of  Soils  for  Foundations, 
etc.,  67 ;  Paper  by.  409 ;  Discus- 
sion by,  409. 

Wait,  B.  H. — Discussion  by,   576. 

Walker,   E.   G. — Discussion   by,    575. 

Walker,  Edward  George. — Trans- 
ferred to  Grade  of  Associate 
Member,  780. 

Walker,  Guy  Burt.  —  Elected  a 
Junior,  779. 

Walker,  Isaac  Stanley. — Elected 
an  Associate  Member,   577. 

Walker,  William  Kemp. — Elected 
an   Associate  Member,    577. 

Wallace,  John  F. — Elected  Treas- 
urer, 61,  100;  Nominated  as 
Treasurer,   644. 

Waller,  Osmar  Lysander. — Elected 
a  Member,  414. 

Walls,  John  Abbet. — Elected  a 
Member,  409. 

Walter,  Roscoe  George. — Elected  an 
Associate  Member,   577. 

Walter,  Thomas  Robert. — Elected 
an  Associate  Member,  639. 

Wanzer,  James  Olin. — Elected  an 
Associate  Member,  229. 

Wardlaw,  James  Thompson.  — 
Elected  an  Associate  Member. 
410. 

Waring,  Frederick  Holman.  — 
Elected  a  Junior,  342. 

Warner,  Elwin  Streeter. — Elected 
an  Associate  Member,  640. 

Warner,  James  Madison. — Trans- 
ferred to  Grade  of  Associate 
Member,  780. 

Warren,  Philip  Ridsdale. — Elected 
a  Member,  414. 

Washburn,  Frank  Edwin. — Elected 
an  Associate  Member,  577. 

Waterbury,  Leslie  Abram. — Trans- 
ferred to  Grade  of  Member,  578. 

Watson,  David  Loyall  Farragut. — 
l^ilected     an     Associate     Member, 


Watson,    James. — Deatli    announced, 

65. 
Watson,   William   Craven. — Elected 

a  Member,  341. 
Watters,     Vernon     Gregg. — Elected 

an  Associate   Member.   3. 
Way,     William     Floyd. — Elected     a 

Junior,  577. 
Weakland,  Francis  Lee.— Elected  a 

Member,   229. 
Webb,  Walter  L. — On  Committee  to 

Recommend  the  Award  of  Prizes. 

580. 
Webb,     William     Tiubitts. — Elected 

an  Associate  Member,  342. 
Webber,    Charles    Perkins. — Trans- 
ferred to  Grade  of  Member.  4. 
Webster,  Royal  Sylvester. — Trans- 
ferred    to     Grade     of     Associate 

Member,  64. 
Weir,    Max    Wakeman. — Elected    a 

Member,  63. 
Weir,  Walter  Wallace. — Elected  an 

Associate   Member,   342. 
Weiss,    Herman    Otto. — Elected    an 

Associate  Member,  415. 
Wells,    George    Henry. — Elected    a 

Member,  341. 
Wells,    Herbert    Cassidy. — Elected 

an  Associate  Member,  229. 
Wells,  James  Bertrand. — Elected  a 

Junior,   3. 
Wendelboe,   Lee. — Elected  a  Junior. 

779. 
Wenzell,    Andrew    Perry. — Elected 

an  Associate  Member,  342. 
Wernecke,       Chauncy. — Elected      a 

Junior,  230. 
West,   Wade  Clarence. — Elected   an 

Associate   Member,    577. 
Wheeler,    Ebenezer    Smith. — Death 

announced,  64. 
Wheeler,     Robert     Clark. — Elected 

an   Associate   Member,   640. 
Wheeler,  Walter  S. — Discussion  by, 

700. 
Whinery,  S. — Discussion  by,  61,  638. 
White,    Gilbert    Case. — Transferred 

to  Grade  of  Member,   578. 
White,    Robert    Culin. — Elected    an 

Associate   Member,   410. 
White,  Sir  William  Henry. — Death 

announced,   230. 
Whitney,  F.  0. — Discussion  by,  62. 
Whitney,  Herbert  Angell. — Elected 

an  Associate  Member,  577. 


XXXIII 


w  ii  ki;ksham. 


WILSON. 


WiCKEKsiiAM,  John  Hough. — Trans- 
ferred to  Grade  of  Meinher.  780. 

VVlGGiN,  Thomas  H. — Address  by, 
On  Shaft  Cover  on  Tunnel  for 
Catskill  Aqueduct.  228;  Discus- 
sion by,  280. 

Wiggins.  Williaii  D. — Transferred 
to  Grade  of  Member,  410. 

Wiglky.  Chester  Greenhalgh.  — 
Elected  an  Associate  Member, 
040. 

Wild,  Edward  Charles. — Elected  an 
Associate  ^Member.  410. 

Wild,  Heuukht  Joseph. — Transferred 
to  Grade  of  Member,  411. 

Wilgus,  William  J. — Paper  by,  638; 
Discussion  by,  0.38. 

WiLKiNS,  Homer  Jenner. — Trans- 
ferred to  Grade  of  Associate 
Member,  041. 

WiLLARD,  William  Clyde. — Trans- 
ferred to  Grade  of  Associate 
Member,  411. 

WiLLCocK,  A.  M. — Discussion  by,  02. 

Williams.  Cyril.  Jr.  —  Elected  a 
Member,  409. 

Williams,  Gardner  S. — On  Special 
Committee  on  A  National  Water 
Law,  044.  701 ;  Nominated  as 
Vice-President,   644. 

Williams,  Haswell  Roger.  — 
Elected  an  Associate  Member, 
281. 

Williams,  Lawrence  Johnson. — 
Elected  a  Junior,  040. 

Williams,  W.  H. — On  Committee  of 
Arrangements  for  New  (Orleans 
Meeting.  711. 

Williams,  William  Lane. — Elected 
an  Associate  Member,  640. 

WiLLiAR.  Harry  Dioax,  Jr. — Elected 
an    Associate   Member.    281. 

Willis,  Walter  John. — Elected  a 
Junior,  577. 

WlLLoicHUY.  J.  E. — Discussion  by. 
638. 

Wilson,  Calvin  Loughiudge.  — 
Elected  a  Junior,  577. 

Wilson,  H.  M. — Resolution  by,  Rela- 
tive to  Increasing  the  Capacity  of 
the   Society   House.   60.   98. 


Wilson,  Hugh  Monroe. — Elected  an 
Associate.   779. 

Wilson,  James. — Elected  an  Asso- 
ciate Member,  577. 

Wilson.  John  Junior. — Elected  an 
Associate   Member,   63. 

Wilson,  Percy  H. — Discussion  by,  61. 

Winchester.  Thomas  Harrison. — 
Transferred  to  Grade  of  Associate 
Member.   777. 

WiNSOR,  Frank  E. — Discussion  by,  2. 

Wodrich,  Oscar  Frederick. — Elected 
an   Associate  Member,   415. 

Woodruff,  Glenn  Barton. — Elected 
a  Junior,  779. 

Woods,  Harland  Clark. — Trans- 
ferred to  Grade  of  Associate 
Member,  343. 

Worcester,  J.  R. — Discussion  by, 
700. 

Worley,  John  Stephen.  —  Trans- 
ferred to  Grade  of  Member,  577. 

Wright,  Frederick  John. — Elected 
a  Junior,  3. 

Wright,  Stanley  Hubert. — Elected 
an  Associate  Member,  577. 

WuEST,  Charles,  Jr. — Elected  an 
Associate  Member,  577. 

Wyse,  Frederick  Calhoun. — Elected 
an  Associate  Member,  415. 

Yates,  William  Henry'. — Trans- 
ferred to  Grade  of  Member,  4. 

Yost,  Howard  McCly'monds. — Trans- 
ferred to  Grade  of  Associate 
Member,  343. 

YouMANs.  (Jeorgk  Leland. — Elected 
a  Junior.  3. 

Young.  Charles  Asa  Dilts. — Elected 
an  Associate  Member,  3. 

Young,  Oliver  Earle. — Transferred 
to  Grade  of  Associate  Member, 
230. 

YOUNGHLUTT.        FREDERICK        CaRL.    
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REINFOKrED    CONrKETE     RESEKVOIK 
AND  (OAdULATlON  PLANT  AT  8T.  LOUIS,  MO. 


By  Edward  Flad,  M.  Am.  Sue.  C.  E. 
To  BE  Prkskntkd  Fkbruarv  4tii.  1914. 

Before  describing  the  design  and  construction  of  the  reservoir  and 
coagulation  i)hint  which  are  tlu-  subjects  of  this  pajier.  a  short  ex- 
|iUination  of  the  water-works  system  to  which  they  belong  may  not  be 
amiss. 

The  City  of  St.  L(jui-  has  guarded  zealously  the  riglit  to  supply 
water  to  its  citizens,  but  it  has  no  i)ower  to  prevent  the  owners  of 
rii)arian  rights  from  taking  water  from  the  river  and  leading  it  to 
iiKhistries  on  the  river  front,  if  no  streets,  alleys,  or  public  places  are 
crossed  or  entered  on  l)y  the  pipe  lines.  Thus,  there  has  developed, 
in  connection  with  the  Anheuser-Busch  lirewery,  in  that  city,  a  water- 
works system  with  a  capacity  of  more  than  (i  000  000  gal.  ))er  da.v. 
or  sufficient  to  supi)ly  the  needs  of  n  city  having  a  iioimlatiou  of  so  Odd 
jieople. 

The  city  is  perhaps  justly  proud  of  the  improvement  made  a  few 
years  -ago  in  the  quality  of  its  water  sujjply.  which  improvement  was 
accoiniili>lied  by  the  simi)le  process  of  duminng-  iiitu  the  water  suitable 
chemicals    which    hasten    sedimentation.      This    just    i)ride    should    be 
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tempered,  however,  by  the  knowledge  that,  as  early  as  1901,  several 
years  before  the  city  fathers  could  be  prevailed  on  to  adopt  modern 
methods,  the  Anheuser-Busch  Brewery  had  pointed  out  the  way,  by 
taking  its  water  supply  from  the  Mississippi  River  and  clarifying-  it  by 
the  use  of  a  chemical  coagulant  and  rapid  filtration — a.  further  refine- 
ment of  the  method  adopted  later  by  the  city. 

The  water- works  of  the  Anheuser-Busch  Brewery  are  on  the  river 
front,  south  of  Dorcas  Street.  The  water  is  taken  from  the  Mississippi 
through  two  20-in.  cast-iron  intake  pipes,  and  is  siphoned  into  one  of 
two  intake  wells,  from  which  it  is  pumped  into  settling  tanks.  It  flows 
by  gravity  through  the  settling  tanks,  thence  through  the  filters,  and 
is  then  pumped  into  the  distribution  system. 

The  low-sei'V'ice  pumps  are  in  a.  brick  pit,  30  ft.  in  diameter  and 
40  ft.  deep.  There  are  three  centrifugal  pumps  having  a  combined 
capacity  of  13  000  000  gal.  per  day,  and  one  triplex,  direct-acting  pump 
having  a  capacity  of  2  000  000  gal.  per  day. 

There  are  two  steel  settling  tanks,  75  ft.  in  diameter  and  28  ft.  high, 
one  circular  concrete  reservoir  approximately  150  ft.  in  diameter  and 
30  ft.  deep,  and  one  rectangular  covered  reservoir  having  a  capacity 
of  about  1  000  000  gal. 

The  filter  ])lant  comprises  six  Jewell  filters,  circular  in  plan,  each 
16  ft.  in  diameter,  and  three  Reisert  filters,  recently  completed,  which 
are  rectangular  in  plan,  each  being  approximately  34  by  15  ft. 

Chemical  Treatment. — The  water  is  settled  by  adding  sulphate  of 
aluminum  (alum)  and  lime.  A  special  three-story  reinforced  concrete 
building  is  provided  for  storing  and  preparing  the  chemicals. 

The  hopper  for  storing  the  lime  is  36  by  9  by  14  ft.  high,  and  has 
a  capacity  of  90  tons.  It  is  placed  in  a  pit  so  that  it  can  be  filled 
directly  by  shoveling  from  the  cars.  An  electric  elevator  conveys 
to  the  third  floor  the  hand-cars  containing  the  lime  or  alum. 

The  alum  is  dissolved  in  a  concrete  tank,  and  i.s  fed  to  the  water 
by  gravity.  This  alum  tank  has  three  rectangular  divisions,  each 
10  by  7  by  5  ft.  deep.  Each  division  is  charged  with  from  500  to  2  000 
lb.  of  alum  which  is  dissolved  in  water.  It  requires  from  2  to  5  hours 
to  dissolve  one  charge.  The  lime  is  slacked  in  iron  tanlvs  on  the  third 
floor.  These  tanks  are  rectangular,  12  by  12  by  7  ft.  deep,  with  sloping 
bottoms.  A  false  perforated  bottom  is  provided  at  a  depth  of  30  in., 
on  which  the  lime  is  placed  and  partly  submerged  in  1  ft.  of  water. 
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After  sinking,  wliicli  rtniuires  about  1  hour,  the  attendant  stirs  the 
mixture,  whieli  passes  readily  through  the  perforated  bottom  and  into 
the  lime  tanks  below.  This  milk  of  lime  is  stored  in  three  vertical 
cylindrical  iron  tanks.  12  ft.  in  diameter  and  18  ft.  high,  with  conical 
bottoms.  One  charge  of  lime  consists  of  from  2  000  to  6  000  lb.,  and 
the  tank  holds  about  10  000  gal.  of  water,  giving  a  2^  to  7%  solution. 
In  I  hose  tanks  the  milk  of  lime  is  kept  agitated  by  compressed  air 
athnitted  at  the  bottom  through  a  small  perforated  pipe. 

The  flow  of  both  the  alum  and  lime  solutions  is  regulated  by 
standardized  orfices  operating  under  fixed  heads.  The  milk  of  lime  is 
pumped  into  the  supply  pipe  or  settling  tanks  by  a  centrifugal  ])nmp. 
As  a  general  rule,  the  lime  is  added  to  the  water  as  it  enters  the  fii-st 
settling  tank,  and  the  alum  as  the  water. enters  the  second  settling 
tank. 

Consumption. — The  maximum  consumption  of  water  during  the 
summer  is  about  6  000  000  gal.  per  day,  for  which  at  times,  1  600  lb. 
of  alum  and  5  600  lb.  of  lime  are  required,  or  about  2  grains  of  alum 
and  7  grains  of  lime  per  gallon  of  \Aater. 

The  water  i.s  used  for  boiler  pui"poses,  for  condensing  and  cooling 
in  connection  with  the  ice  machine,  as  well  as  for  washing  barrels, 
bottles,  etc.  It  is  not  used  in  brewing  beer,  partly  because  of  the 
natural  prejudice  against  water  taken  from  the  river  below  tlic  outlet 
of  the  large  city  sewers. 

Reinforced  Concrete  Heservoir. — Reverting  now  to  the  reinforced 
concrete  raservoir  recently  completed:  After  due  consideration  of 
the  various  possibilities  as  to  the  shape  and  location  of  the  reservoir, 
a  circular  shape  was  decided  on.  and  the  diameter  was  made  as  large 
as  the  available  space  permitted.  The  elevation  of  the  top  was  fixed 
by  that  of  the  water  in  the  old  settling  tanks,  which  operate  in  series 
with  the  new  resen'oir;  and  the  bottom  was  placed  sufficiently  low 
to  pass  below  the  fill  of  cinders  and  rubbish,  and  rest  on  the  river  silt. 

Estimates  were  made  of  the  comparative  cost  of  a  steel  tank  and  a 
reinforced  concrete  reservoir.  Exclusive  of  the  foundations,  pipes, 
gate-house,  and  accessories  common  to  both  designs,  the  steel  tank 
was  estimated  to  cost  $32  000,  and  the  reinforced  concrete  reservoir. 
.*30  SOO.  The  reinforced  concrete  reservoir  was  supposed  to  have  some 
advantage,  being  a  more  permanent  form  of  construction  and  not 
requiring  painting,   and   perhaps  a    desire  to  follow  the  latest   fashion 
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had  a  iiiiiKU'  iiiHuoiicc ;  at  all  events  it  wa^  decided  to  use  reinforced 
concrete. 

'J'lie  reservoir  has  vertical  sides  and  is  158  ft.  6  in.  in  diameter 
at  the  top  and  -'55  ft.  deep  at  the  center.  -The  side-wall  extends  25  ft. 
(>  in.  above  the  ground.  The  capacity  is  approximately  4  250  000  gal. 
There  is  a  central  i)artition,  consisting-  of  a  -l-in.  reinforced  concrete 
wall  with  buttresses,  which  starts  at  one  side  of  the  reservoir  and 
passes  diametrically  acros.s  to  within  14  ft.  of  the  other  side.  The 
object  of  this  ])artition  is  to  make  the  entering  water  circulate  around 
the  reservoir  before  reaching  the  outlet.  The  diameter  of  the  intake 
and  outlet  pipes  is  ;>0  in.,  and  that  of  the  waste  pipe  24  in.  The 
outlet  pipe  has  a  float  and  a  hinged  joint,  so  tha,t  water  is  always  taken 
from  near  the  surface.  The  valves  controlling  the  flow  are  in  a  gate- 
chamber  outside  the  reservoir. 

Foundation. — The  foundation  is  a  12-in.  layer  of  concrete  resting 
directly  on  the  river  silt  and  reinforced,  in  two  directions  at  right 
angles,  with  1  in.  square  bars,  2  ft.  from  center  to  center,  making  i% 
reinforcement  each  way. 

On  top  of  this  foundiition  rests  the  bottom  of  the  reservoir,  which 
i.s  (i  in.  thick  and  reinforced  in  a  manner  similar  to  the  foundation, 
excei)t  that  the  bars  are  ^  in.  square  a,nd  G  in.  from  center  to  center. 

The  top  of  the  foundation  was  coated  with  a  thin  layer  of  coal-tar. 
the  object  being  to  ])rovide  for  expansion  and  contraction  of  the  bot- 
tom independent  of  the  foundation. 

Side- Walls. — The  thickness  of  the  concrete  side-walls  is  7  ft.  6  in. 
at  the  ba.se,  2  ft.  5  in.  at  the  ground  line,  and  12  in.  at  the  top.  The 
pressure  of  the  water  is  carried  by  hoop  tension,  the  side-walls  being 
reinforced  circumferentially  with  corrugated  round  bars,  under  the 
assumption  tluit  the  concrete  carries  no  tension.  There  are  three  lines 
of  Ij-in.  rdund  bars  at  tlie  bottom  and  two  lines  of  2-in.  round  bars 
at  the  to|»,  the  sections  and  spacing  being  varied  from  bottom  to  top 
to  corresi)ond  with  the  pressure.  Tt  was  intended  to  allow  a  stress  of 
l.">  ()()(>  11).  pel-  s(|.  in.  on  the  liars.  Owing  to  an  error  in  the  calculation, 
which,  happily,  was  on  the  safe  side,  an  excess  of  steel  was  used,  making 
the  stress  i)er  scpuire  inch  somewhat  less  than  that  originally  contem- 
plated. 

The  thickness  of  the  concrete  wall  was  fixed  at  each  point  so  that 
the  conci'ete  would  not  be  stressed  more  than  2!tO  lb.  per  s<i.  in.,  under 
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Fig.   1. — WooDKN   Forms  for   Siiik-Walls  of  Reservoir,  Stak-Suai'i:u   Bottom, 
AND  Valvi:s  ox   Inlet  and  Outlet  Pipes. 


Fig.   2. — Bars  for  Side-Walls  of  Reservoir,  with  Angle- 
Iron   Supports   for   Bars.   etc. 
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Anaityeinents  for  \\'a,shing  Qui. — The  bottom  of  the  tank  >1uih^s 
toward  the  center  t'roni  all  sides,  the  24-in.  waste  outlet  beiiif;'  at  the 
center.  The  slope  toward  the  center  could  not  readily  be  made  more 
than  -2  in  75,  being  limited  by  the  depth  of  the  sewer  which  was  already 
built.  In  order  to  facilitate  the  removal  of  sediment,  therefore,  the 
bottom  was  laid  out  in  a  series  of  star-shaiied  mound.s.  as  indicated 
on  Plate  C,  each  mound  draining  into  a  shallow  gutter.  Hose  con- 
nections furnish  water  under  i)ressure  for  cleaning  out. 

Bond  in  Concrete. — Special  precaution  was  taken  to  obtain  a  good 
bond  between  the  successive  layers  of  concrete.  The  old  surfaces  were 
scrubbed  with  brushes  and  a  stream  of  water.  In  addition,  6-in.  strips 
of  corrugated  i)lates,  about  ^\  in.  thick,  were  placed  vertically  in  the 
joints.  In  spite  of  these  precautions,  wlien  the  reservoir  wa.s  filled, 
small  leaks  developed  along  most  of  the  joints,  and  efflorescence  was 
quite  extensive.  These  leaks  appear  to  be  closing  uj)  gradually,  and  it 
is  ])robal)le  that  in  the  counse  of  time  they  will  disappear  entirely. 
The  intention,  however,  is  to  empty  the  reservoir  and  treat  the  joints 
with  some  water-proofing  compound. 

After  completion  the  outside  of  the  wall  was  rubbed  with  caibonm- 
dum  blocks  and  brushed  with  cement  mortar. 

The  reservoir  was  desigiied  by  the  writer's  comi)any,  and  was  built 
under  contract  by  the  Fruin-Colnon  Contracting  Company.  The  cost, 
including  i)ipes  and  accessories,  was  approximately  ^^y}  (HM).  The  unit 
prices  and  total  cost  of  the  various  classes  of  work  were  as  follows: 

Excavation,  7  801   cu.  yd.   at  $0.80 $6  240.80 

Plain  concrete.  Class  A.    58.2  en.  yd.  at  $4.00 232.80 

"  ''     B,  281.8    "      "     "      5.00 1406.r>0 

Reinforced  concrete,  12-in.  base,  759  cu.  yd.  at  $5.00.  ..  8  795.00 
Reinforced  concrete,  6-in.  bottom,  473.1  cu.  yd.  at  $8.00  3  784.80 
Ivcinforced  concrete  side-walls,  1178.3  cu.  yd.  at  $11.00.  12  961.30 
Reinforced  concrete  partition,  120  cu.  y.l.  at  $20.00.  ..  .        2  400.00 

Reinforcing  bars,  5S2  668  lb.  at  1?  cent< 10  196.69 

Clips    for    reinforcing    bars 650.00 

Ladders  and  angle-iron  supports 852.16 

Cast-iron   pipes   and    valves 7  283.00 

Gate-house • 1  200.00 

Miscellaneou.s 844.59 

Total  cost $51  847.64 
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By  LuTiiKR  Waconkh,  M.  Am.  Soc.  C.  E. 


The  study  of  hydrodynamics  by  the  usual  method  of  differential 
equations,  despite  the  fact  that  the  brightest  mathematical  minds  have 
attempted  the  subject,  has  thus  far  brought  forth  no  results  of  a  prac- 
tical nature  applicable  to  such  fluid  resistances  as  the  steady  flow  in 
pipes,  or  for  the  resistance  of  a  fluid  at  rest  to  the  steady  motion  of 
a  solid  in  the  fluid. 

The  subject  is  full  of  difficulties  and  nearly  impossible  of  any  direct 
treatment  by  known  mathematical  metliods. 

For  a  long  time  the  writer  has  held  the  belief  that  there  is  such 
:i  similarity  in  the  nature  of  the  resistances  of  a  solid  moving  in  a 
fluid,  or  of  a  fluid  moving  in  a  pipe  or  channel,  that  it  might  be 
profitable  to  make  comparison  of  the  motions  of  each,  using  such 
experimental  data  as  are  available,  and  that  such  a  joint  study  might 
also  prove  useful  in  that  any  information  thus  gained  about  one  would 
be  helpful  to  resolve  any  doubts  about  the  other.  The  general  method 
used  is  that  of  a  logarithmic  diagram  of  experimental  results  obtained, 
combined  with  simple  mathematics  sufficient  to  explain  the  locus  of 
the  lines  thus  found.  The  results  obtained  represent  a  eoiisiderable 
advance  in   information  about  both  subjects.     Summarizing  what  fol- 

*This  paper  will  not  be  presentefl  at  any  meeting,  but  written  communications  on  the 
subject  are  mvited  for  subseriuenr  piiblioation  in  Procee.dingx,  and  with  the  paper  in 
Tranxacfimis. 
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lows,  it  is  shown  that,  for  bodies  moving  in  a  fluid  at  rest,  or  for  a 
fluid  movinf>-  along  a  surface  at  rest,  there  is  for  both  the  same  gen- 
eral law, of  resistance;  ami.  also,  as  a  result  of  such  studies,  there 
is  presented  to  the  hydraulic  engineer  the  first  rational  theory  of  the 
laws  governing  the  flow  in  pipes. 

There  being  but  scanty  information  about  the  motion  of  bodies 
in  a  fluid,,  this  study  was  made  first,  and  from  the  results  found  the 
way  was  made  easier  for  the  study  ni'  fluid  motion  in  pii)es,  and  they 
are  here  given  in  the  order  named. 

Paut  I. — The  Terminal  Velocities  of  Bodies  in  a  Fluid  Medium. 

A  body  falling,  or  rising,  in  a  fluid  medium  does  so  with  accelerated 
velocity  and  increased  resistance;  when  the  resistance  becomes  as  great 
as  the  impelling  force,  there  is  uniform  motion,  more  commonly  called 
the  terminal  velocity.  (In  a  frictionless  liquid,  this  would  not  occur, 
but  in  an  actual  liquid  it  does  occur,  and  uniform  motion  is  attained 
very  rapidly.) 

TJie  Experimental  Data. — For  the  purposes  of  this  paper,  the  writer 
has  selected  data  from  the  following  sources : 

"Velocity  of  Galena  and  Quartz  Falling  in  Water,"  by  Professor 
Robert  H.  Richards.*  These  are  grains  of  mineral  from  11.93  to 
0.00ir)2  nun.  in  diameter.  l)ut  have  a  special  value  due  to  the  lonff 
range  covered. 

Mr.  H.  S.  Allen. f  Steel  balls  in  water,  amber  spheres  in  water, 
paraffin  wax  spheres  rising  in  aniline,  air  bubbles  rising  in  water  and 
aniline. 

"On  the  Viscosity  of  Licpiids,"  by  Mr.  O.  S.  Jones.:}:  The  deter- 
mination of  the  viscosity  of  glycerine  by  dropping  small  spheres  of 
mercury  and  noting  the  diameter  and  velocity. 

"On  the  Maximum  Velocity  Acquired  by  Small  Bodies  Falling 
in  Water  and  Glycerine,"  by  the  writer.§ 

Also,  for  confirmatory  use,  "The  Terminal  Velocity  of  Small 
Spheres  in  Air,"  by  John  Zeleny  and  L.  W.  McKeehan.| 

*  Transactions.  Am.  Inst,  of  Min.  Engrs.,  1007'.  pp.  210-335. 

t  Philosophical  Magazine.  X.A.  50,  1900. 

X  Philosophical  Magazine.  1K94. 

§  Transaction.',.  Techaical  Soc.  of  the  Pacific  Coast,  Vol.  V.  p.  Hi.  1888. 

I'  Physical  Review.  Vol.  (^LXIX,  p.  535.  May,  1910. 
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.\o{(ili())i. —  Vhv  (•('iitiiiu'tcr-^rain-sccoiKl  systi'iii  of   units  i'-   used. 
/^^  Diameter  of  the  jiraiu  w  si)here; 
*  =  Sjieeilic  gravity  of  the  solid; 
J  =  Ditferenee   of    speeilie   jrravity   of   the   solid    and    the 

tluid    uh'diuin  ; 
T  =  Terminal   velocity   of   the  Ixidy; 
i^(.  =  Critical  diameter; 
V,.  =  Critical  velocity; 
IX  =  Coefficient  of  viscosity  =  in  water  to 
0.017944 


1 .  .-)42:{  : 


(1   4-  0.023121  7') 

/' 
r  =  Kiufinatic   coetticient  of  viscositv   =       : 

P 
^:=:  Density  of  the  fluid  medium; 

A'„.  A", .  K II,  A'.,  =  Coefficients  ; 

fl,  &,  c^  :^  Constants  or  general  coetflcients  : 

^  =  Coefficient  of  form,  or  shapc^  of  hody  ; 

(fi  ^=^  Coefficient  of  roughness,   or   surface  condition 

n  =  Exi)onent ; 

log.  =  Common  logarithm  ; 

tan.  =  Tangent ; 

tan. /(.  =  Hyperlxilic  tangent. 

TABLE  1. — Physical  Constants  ok  thk  Data.. 


Material.         Form. 


Galena Grains...    7. 

Quartz '(Jrains.  ..'  2. 

Steel Balls ■  7. 

.\inber Sphei'es. .  |  1 . 

I'arattin Spheres. . ,  0. 

■Mercury Spheres.  .13. 

I ; lass Spheres 

.Vir Bubbles  .  [  0 

Air Bubbles  .    0 

Lyeopodium..  Spheres..  1 
Polytrichium  Spheres..!  1 
Lycoperdou..  Spheres. .    1 


.s 

.50 

Water 

(w 

Water 

731 

Water 

07(18:^ 

Water 

<)07 

Aniline  .... 

.Gl 

.(K)13 

(Hn2 

17.5 

53 

44 


Glycerine.. 
Glycerine.. 

Water 

Aniline 

Air 

Air 

Air 


P 
1.00 
1.00 
l.(X) 
l.(X) 
1.038 

i.2(;o 

1.24 

0.9088 
1.0368 


6.731 

0.07683 

0.131 

1.37 

l.(K1 
1.038 


0.01  ± 

b.oi  ± 

0.0125 
0.011 
0.06023 
10.69 
3.428 

0.01 404 

0.06028 

0.0(X)ia5 

0.000185 

0.000184 


lixperlmenter. 
Remarks. 


Richards. 
Allen. 


Jones. 
Wagoner.    Vi 

computed. 
Allen 
Allen. 

/)=(!. (i<i3i(i    r 

Z>^ 0.0000.56    l 
O=0.(HHI418    1' 


- 1 .  7r, 
=  0.22H 
=  0.0467 


Graphical  Representation  of  the  Experimental  Data. — For  the  pur- 
pose of  discovering  laws,  the  method  of  platting  logarithms  of  veloci- 
ties divided  by  logarithms  of  diameters  was  first  used.     Thi.s  was  not 
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entirely  satisfactory,  especially  for  the  grains.  The  unavoidable  un- 
certainties about  the  diameter  and  velocity  give  (as  can  be  seen  by 
reference  to  the  original  paper)  a  certain  impression  of  indefiniteness 
as  to  what  actually  happened;  or,  if  any  sharply-defined  critical  points 
exist,  this,  coupled  vi^ith  the  smooth  free-hand  curve  drawn  through 
the  points,  misled  the  writer  for  some  time  as  to  the  true  nature  of 
the  data.  Although  it  is  a  subject  for  regret  that  information  was 
not  given  as  to  weights  of  grains,  surface,  and  viscosity,  the  original 
paper,  because  of  its  long  range,  is  still  very  valuable,  and  without  its 
aid  the  writer  would  not  have  attempted  this  paper. 

In  casting  about  for  new  devices  for  logarithm  platting,  an  original 
method,  and  believed  to  be  new,  has  been  used. 

Theorem. — If  F  =  /  7)"  and  both  F  and  D  are  affected  by  probable 
errors  of  ±  p  and  i  Q,  respectively,  then  V  D  =  f  D"'  is  the 
most  probable  value  of  the  new  function. 

Proof. — This  is  proved  by  the  direct  uuiltiplication  of  V  ±  p  by 
D  ±  q,  when  both  p  and  q  disappear,  or  graphically  !»y  platting  four 

possible  points  of    -r    and    taking  the  center  of  gravity  of   the  figure 

as  the  most  probalile  point. 

log.  r  D 

Making  — — gives  a  longer  and  smoother  curve,  but  the  angles 

"^     log.  I)     ^ 

of  intersection  of  the  different  l)rauches  of  tlu'  curves  are  not  as  well 

defined  as  by  using  log.  —  as  ordinate  and  log.  D  as  abscissa,  and  this 

method  has  been  used  and  is  shown  on  Plate  CII.  where  it  is  seen  that, 
for  the  grains,  a  very  satisfactory  definition  of  the  intersections  of 
the  three  branches  has  been  obtained ;  also — which  is  new — it  is  seen 
that,  for  the  first  time,  there  is  shown  to  exi.st  for  all  bodies  and  fluids 
three  stages  of  flow,  their  exponents  being  1,  n,  and  2;  and  each  is 
accompanied  by  a  rather  sudden  transition  from  one  stage  to  another 
(which  might  be  compared  to  the  action  of  a  balance;  when  equilibrium 
is  reached  there  is  unsteady  motion  and  when  passed  the  beam  drops). 

Explanation  of  Plate  OIL — It  is  observed  that  for  the  first  stage 
the  slope  of  the  lines  for  h  =  1  is  tan.  =  1,  and  for  n  =  2,  the  slope 

is  tan.  = ;  from  which  there  is  found 

2 

n  ^   ^      '\    ,, (1) 

tan.  4-  2 
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THE  TERMINAL  VELOCITIES  ACQUIRED 

BY  SOLIDS  FALLING  OR  RISING  IN  FLUIDS, 

AND  THE  CHANGE  OF  EXPONENTS 

Note-  The  ordinate  is  log.  -^ 

Add  log.  D  te  the  ordinate  to  find  log.  V. 

f 

■/' 

i' 

,v 

A 

«• 

/ 

0 

4 

^' 

L 

XogaEithTQ  of  the  Diameter 


ra|..T>.| 

loir.     V 


A    Ml  l)V    Ol'     11,111)    UKSISIA  %('!•: 


If 


io2.  n 


had  been  platted.  tln'ii  the  iflatidii  would  Iiave  I)eeii 


and 


tan.  +  1 
3 


2141 


C^) 


tan.  = 


1 


(••{) 


riatc  ell  lias  lnHMi  used  for  the  punxisc  of  tinding  /(  and  tlie  tangent, 
and  tlic  (•(H'tKcicnts.  A',,  A'„,  A'...  etc.;  the  re.snlt.s  arc  tabulated  as  if  the 

loff.  V 
diagram  was  in  accordance   with   iMiuatimis  (-2)  and  (;{).  or 


lojr.  D 


V 


The  eiTect  of  using-  log.   —  as  ordinate,  i.s  to  increase  greatly  the 
D 

angle  of   intersection   of  the  first   and  second   brandies  of   tlu'  curves. 

Thus,  for  galena,  where  n  =■  1.82,  and  using  each  form  of  ordinate, 

there  is  for  each  branch  the  following  angles : 


n=l 
+  63°  20' 

+  45° 


n=1.82 
+  33°  45' 

—  1S°20' 


n  =  2  ■ 
+  26°  34' 

—  -26°  34' 


differences  =  17°  41',  7°  11' 
=  0.3°  20',  8°  14' 


Ordinate  =  T' 

Ordinate  =  — 
J) 

This  great  in<'rea.se  of  intersection  angle,  where  n  is  greater  than 
1.50,  makes  the  locus  of  the  lower  critical  point  more  easily  found 
from  tlic  (hila;  making  the  ordinate  =  VD,  gives  a  longer  and 
smoother  curve  with  greatly  reduced  angles  of  intersection,  and  in 
certain  cases  all  three  methods  might  be  fountl  helpful  if  there  is  much 
irregularity  of  data. 

Table  2  sluiws  the  data  contained  on  Plate  CIT. 

TABLE  2.— D.\T.\  Takkn   from  Plati:  CTl. 


Material. 


Medium. 


log.  D, 


log.  r. 


log.  A-j 


»og.lC„ 


log.  ATg 


tan.t 


Expo- 
nent n. 


Steel  balls 

Galenn  (grains 

Quartz  grains 

.\ii'  bubbles 

Air  hubbies 

Amber  spheres 

Paraffin  spheres 

Mercury  spheres 

Glass  spheres 

(ilass  spheres 

Lycopodiwtn  spheres.. 
Polytricliium  spheres. 
Lycoperdon  spheres. . 


Water. 

Water 8.02* 

Water 8.262 

Water 8.1837 

Aniline....!  S.-ia6 

Water ;  O.OHti 

Aniline....!  8.903 

Glycerine..  

Glycerine..    A- 1166 

Water. 

Air  . , . 

Air  . . . 

Air  . . . 


0.74 
0.37 

9.9659 
9.848 
0.363± 
9.9647 


8.3226 


9.5602 
0.5263 


4.700 
3.846 
3.5985 
2.996 

1.97H7 

1.79H4 

1.3270 

3.8823 

5.246 

5.859 

6.427 


2.2043 
2.013     !  1.935 
1.723     i  1..T46 
2.3880  i 


1.2646 
1.3566 


1.7665 


(1.6487 
0.7928 
l.:«35 

1..'558 

0.986.5 

1..1833 


1.444 
0.739 


2.00 

1.82 

1.673 

1.2857 

1.173 

1.510 

1.2592 


1.2275 

1.7250 

1.0 

1.0 

1.0 


*  =  8.(12  —  10. 

+  The  tan.  is  scaled  from  the  plat,  anil  1  has  been  added  to  it  to  make  it  of  the  form, 
log.  r  =  ordinate. 
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From  the  data  in  Table  2,  in  which  there  are  many  gaps,  it  will 
be  attempted  to  find  the  missing  parts,  and  the  result  of  the  investiga- 
tion appears  as  dotted  or  full  lines  on  Plate  CII. 

On  the  Present  State  of  Knowledge  Concerning  the  Terminal 
Velocity  of  Bodies,  Falling  or  Rising,  in  Fluids. — An  immense 
amount  of  purely  analytical  work  has  been  done  by  various  eminent 
mathematicians  and  physicists  in  an  effort  to  solve  the  problem,  both 
for  viscous  and  non-viscous  fluids,  but  with  few  notable  results  of 
an  applicable  nature,  probably  for  the  reason  that  the  theoretical  work 
did  not  follow   and  interpret  experiments,   rather  than  precede   them. 

Sir  (iabriel  Stokes,  many  years  ago,  gave  a  solution  for  very  small 
bodies  falling  in  a  viscous  medium.  The  solution  is  correct,  but  is 
limited  in  its  application  by  a  condition,  namely,  radius-   X  velocity 

-^  viscositv.  nuist  be  small;  that  is  to  say,  the  higher  powers  of 

can  be  ignored.  In  fact,  Stokes  says  that  the  solution  was  obtained 
by  neglecting  the  higher-power  terms  of  the  general  equation.  Con- 
cerning the  higher  velocities,  it  has  long  been  known  that  the  resist- 
ance varies  as  F-  and  is  independent  of  the  viscosity.  For  still  higher 
velocities,  such  as  for  cannon  balls,  the  resistance  varies  as  a  power 
intermediate  between  the  second  and  third.  About  the  powers  inter- 
mediate between  1  and  2,  nothing  is  known,  nor  is  the  state  recog- 
nized by  any  previous  writers.  It  thus  appears  that  if  the  diameter 
be  uniformly  increasing,  the  order  of  exponents  will  be: 

T) ^   to  I)., — Resistance   varies    as    F^ 

I).,  to  B.,  "  "         "     F»' 

B^  to  B^  "  "         "     F2 

D^  to  B,  "  "    ,     "     V-  +  ' 

and  the  transition  from  an  exponent  to  the  next  higher  will  be  some- 
what abrupt.  (This  is  subject  to  later  remarks  about  a  possible  change 
of  exponent  for  jD^  to  Dj  where  B  --  T"^  +). 

Woi-Jcing  Hypothesis. — Mr.  II.  S.  Allen,  whose  observations  are 
used  in  this  paper,  proposed  a  general  formiila  to  cover  all  values  of 
tlie  ex}ii)nent.     Tie  assumes  a  resistance 

R  =  k  Velocity^'  Radius"  Viscosity"'  Density- ; 
and,  using  flimensional  methods,  tlie  above  becomes 
Force  =  Resistance. 


l':'I't'i*-l  A  siTDV  ()i-  II. Ill)  i;i:sisr.\NcE  31-19 

.1/    L    T-  =   A'    -j  (L'  7'  ^)  (L")(.l/"'/>     "■'  T-'*')(3PL-'^')  [■  .(4) 

From  .V       tluTi'  is       1  =:        w   f  z 

L  •■      ••        1  _        .V  -\-  i/  —  w  ■ —  '.')  z 

T  ~-    ■•       ••  —  '1  =z  —  X  —  (r 

This  fail  be  solved  by  assuuiiiiji'  x  =  y  --^=  n,  whoii  the  resistance 
bet'oiues 

Rosistame  =  A-  (  T'  Z>)"  //-  -  "  p"  ~  ^ (•">) 

Fur  spheres,  usiny  diaiiu'tcr  instead  of  radius,  the  (•<iini)k't('d  (■(|iiati(iii  is  : 

//'  "^  J  =  A-  (  F  i))"  ;/^  -  "  p"  -  1 (C.) 

() 

Fiiiiatidii  ((i)  is  perfectly  general  and  is  correct,  provided  the  funda- 
mental assumption  is  correct.  In  its  present  form,  it  must  be  con- 
sidered as  quite  elemental,  as  the  coefficient,  h.  is  not  provided  for;  as 
will  be  shown  later,  it  is  a  complex  quantity,  and  additional  terms,  of  the 
form.  0"~\  and  ,:""'.  are  required  to  express  the  resistance  completely. 

A])parently,  Mr.  Allen  contented  himself  with  proposing  the  for- 
mula, but  does  not  appear  to  have  developed  it  further,  or  put  it  to 
an.v  experimental  test.  There  appears  to  be  a  considerable  degree  of 
probability  that  Equation  (6)  can  be  made  to  represent  experimental 
data  accurately,  and  it  will  be  used  as  the  basis  of  what  follows. 

Application  of  Equation  (6).  for  n  ^=  1. — Making  n  =  1,  Equa- 
tinii  (*)  reduces  to   (for  spherical  liodies) 

^,    7C      ^  C  V  D   Tt  Jil 

f'  'J 

where  C  is  a  constant,  probably  relati'd  to  the  form  of  the  body,  -n-  is 
introduced   on   i1h'   resistance  side  as   a   surface  factor  of  J),  and  g   is 

D^  V  . 

the    constant    ot    ifravitv.      For    cases   wliei'e  is   small,   tlieii  C   is 

exactly  ;!  ;  hence,  for  normal  spheres. 

fj  0-  A  =  IS    V  /x (8) 

and  lastly,  making  I)  =  1,  there  is 

T'=  A-    =  ^^— (!») 

'        IS//  '^   ' 

where  K^D-  =   V (10) 

Equation  (8)  gives  the  locus  of  the  lines  qviite  accurately  for  air 
bubbles,  mercury,  and  glass  bodies.  For  the  light  bodies  (amber,  A  = 
0.07683,  and  paraffin,  A  =  0.1.3])  the  foregoing  value  of  18  of  Equation 
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(8)  no  longer  holds  true,  and  a  correctidu  lor  inertia  is  required.    As  a 

144 

practical  method,  it  is  suggested  to  add  to  18,  — —  for  lalling  bodies 

72 

and  -,  for  rising  bodies. 

U  ^^ 

Using  Equation  (7),  these  corrections  would  be  added  to  3  tt.    For 

the  case  of  irregular  bodies,  and  generally  hereafter,  the  quantity,  3  ir, 

or  its  equivalent,  will  be  called  Q,  such   that,   calling  w   a   factor  for 

the  effective  weight-producing  motion,  there  is 

ifi.^'-B^- (11) 

</ 

General  Consideration  of  Equation  (6). — Equations  (7)  to  (11) 
show  that  the  coefficient,  k,  of  Equation  (6)  vanishes  for  n  =  1,  also 
that  the  quantity,  6,  may  be  considered  a  factor  related  to  the  form  of 
the  body  and  also  of  its  inertia  terms.  (It  is  probably  the  velocity 
function  of  hydrodynamical  writers.)  As  it  enters  as  a  constant  for 
any  value  of  yu,,  it  may  be  considered  as  joined  to  V  D,  or  the  resistance 
is  of  the  form  1  /  F  D  &  \  " 

n\g/ 

If  a  friction  coefficient  is  assumed  to  exist,  and  it  seems  probable 

that  the  roughness  of  the  surface  must  affect  the  motion  in  the  stages 

where  n  is  greater  than  1,  then  it  must  be  of  the  form,  0("~^'.    Also, 

a  stream  function  can  be  considered  a   factor  with  similar  exponent. 

Calling  z   the  product   of   a   fluid   density,   friction   coefficient,   and   a 

stream  function,  then  the  final  expression  becomes 

k  (n  —  1)  z"-' 

the  term,  n  —  1,  being  required  to  cause  the  whole  expression  to  vanish, 

or  become  1,  when  71  =  1  Ecjuation  (6)  then  becomes,  equating  weight 

to  resistance: 

1    /  V  I)  (j\  " 

Effective  weight  =  —  { )     //'-"  k  (n  —  1)  z""' (12) 

n   \     [I      / 

Equation  (12)  can  also  be  written 

Effective  weight  =  —  (- -\     A-  (>i—  1) (13) 

n  z  \     g  /ii     / 

in  which  form  it  is  seen  that  the  terms,  //C^"")  and  z("-^i  of  Equation 

,      ("  —  1) 
(12)  do  not  require  integration  coefficients  other  than  the com- 
mon to  both  equations. 


/' 
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Equating   resistances   of   Equations    (11)    and    (12).    for   the   com- 
mon  1',.  point,  and  reducing,  there  is 

(k"~^)  ""^IliML^ (18) 

V       "     ^  (/ 

making  n  =  2  and  equating  resistances  for  the  common  jjoint  or 
upper  T',..  and  reducing,  there  is 

.„  _  K    i_  r.,  D„  e  z 

K -,;-)•'-""  =  -^- ("' 

making    T',    D,   of   Equation   (1,})    =    k^  D^   =    —    Z)-\    Equation  (13) 

6  ^ 

becomes  u^  ^  , 

Special  Value  of  n  =  2. — Making  n  =  2,  Equation  (12)  reduces  to 

2g  weight  =  kz  (V D  0)- (16) 

which  shows  that  in  this  stage  the  motion  is  independent  of  the  vis- 
cosity, the  latter  having  become  //^~",  or  1.  For  exponents  greater 
tluui  2.  it  i.s  seen  that  jj.  enters  the  resistance  with  a  minus  exponent, 
thus  iiu-rcasing  tlie  resistance. 

Approximate    Values   of   n  and  1)^. — In   a   general   way.    the  close 
of  the  H  =  1  stage,  or  Fj  -Dj  tends  to  a  constant  value,  or 
log.  F,  Dj  =  2.(58  ±    =  0.048. 
log.  A',D''  =  2.68  ±    =  0.048. 
This  seems  to  be  true  for  the  regular  bodies,  and  subject  to  the  con- 

V  D' 

(litidii^  rliat is  small. 

/' 

<  alliiiu  (        —  '  )  ''  t<i"U''"t.  <»i'  the  actual  slope  line  on  a  logarithmic 

diagram  of  the  /ith  stage,  then  the  following  relation  is  quite  close: 

tan.  =  e  Z),.3 (17) 

where  e  is  the  Xapicrian  l)ii.s('  and  D,.  is  a  critical  diameter,  and  from 

this  is  found  3  i 

71  =  '   (log.   ^•,)s (IS) 

E(|U;itioiis   (IT)   and   (18)   are  to  be  considered  as  appro.ximations, 

F  1)2 

sub)eet   to  the   above   named    limitation,   that    b)r   regular   bodies  

must  be  .^mall.  Thus  understood,  they  arc  useful  for  planning  experi- 
ments or  checkinti'  doiihtfiil   results. 
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Extremehi  Loir  Values  of  D  and  F,.— 'Examining  Plate  CII,  it  i^ 
seen  that  at  log.  D  =  galena  3.04,  quartz  3.14,  an  abrupt  change  occurs, 
tlie  exponent  increasing  to  1.50,  1.00  d=.  Professor  Kichanls  attributed 
this  to  convection  currents.  To  the  writer  this  appears  to  be  a.  change 
in  boundary  conditions  such  that  there  can  be  and  is  an  actual  change 
of  exponent. 

Physical  Concept.- — Assuming  that  there  is  such  a  change  of  the 
law  of  exponents  as  just  suggested,  the  whole  subject  might  be  viewed 
as  follows : 

When  V  is  very  small,  suppose  that  a  certain  (|uantity  of  fluid 
be  attracted  to  the  body,  such  that  its  radius.  B,  becomes  B  +  ''■  the 
line  of  slip  then  being  over  the  greater  boundary,  this  woidd  also 
change  the  ^,  or  density  relation,  so  that  for  a  given  weight  there 
would  be  a  greater  resistance,  and  hence  an  increased  exponent.  The 
compound  grain  or  sphere  could  also  be  imagined  to  deform  under 
increasing  velocity,  passing  from  spherical  through  elliptical  forms 
and  lastly  reaching  the  condition  of  a  quiet  wake,  when  the  n  =  1 
stage  begins.  At  the  close  of  the  n  =  1  stage  the  wake  becomes  tur- 
bulent, and  at  the  end  of  the  nth  stage  a  new  boundary  condition 
begins;  also,  at  the  end  of  n  =  2  another  change  in  the  boundary  con- 
dition must  occur. 

Descending  the  scale  of  diameters,  it  seems  probable  that  another 
law  relating  to  the  colloidal  state  of  matter  must  enter  about  here  as 
a  factor,  and  the  diameters  where  this  change  occurs  (0.01  to  0.015  mm.) 
are  about  those  required  for  the  grains  of  Portland  cement  to  become 
active  (colloidal).  Lastly,  it  is  known  of  most  colloids  that  when 
the  diameter  is  sufficiently  small  there  is  permanent  suspension.  It 
would  be  interesting  to  test  out  Portland  cement  in  this  way,  using 
a  suitable  fluid,  and  see  whether  a  curve  such  as  above  noted  would  be 
coincident  with  the  limit  of  size  of  the  active  grains  as  distinguished 
from  the  larger  but  inert  grains. 

If  this  view  of  an  increased  exponent  should  prove  to  be  correct, 
then  the  order  of  succession  of  exponents  is 

Exponents  =  (1  +  a),  (1),  (1  +  h),  (2),  (2  +  c), 

which  conveys  the  idea  of  periodicity  of  the  exponent,  or,  if  not  peri- 
odic,  it   suggests   the    idea    that    the   above   changes   of   exponent    are 
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subject  to  SOUR'  law.  at  proeiit  uiikunwn,  which  ort'ers  to  become  a 
profitable  field  for  research  work. 

Conchtsioii. — It  has  been  shown  that  bodies  t'ailinf^  or  rising  in  a 
fluid,  on  reaching  their  terminal  velocities,  follow  a  definite  law  of 
exponents  as  long'  as  the  boundary  condition  is  imchanged.  At  or 
about  such  change  there  is  a  condition  of  unstable  e(iuilibrium,  such 
that  a  slight  increase  in  tlic  diameter  and  velocity  is  accompanied 
by  a  sudden  cliange  in  the  law  of  resistance.  For  the  further  study 
of  the  question  there  are  two  methods:  (a),  by  the  general  methods 
of  differential  eciuations.  to  atlemjjf  to  deduce  what  law  of  resistance 
will  be  encountereii ;  and  (h).  to  make  an  explanation  of  the  results 
found  by  proper  mathematical  reasoning.  The  first  method  gives  no 
clieck  on  the  result  obtained,  and  the  second  method  begins  with  a 
iletinite  result  and  seeks  a  satisfactory  explanation.  The  method,  as 
can  readily  be  seen,  only  retiuires  four  exj)eriments  for  finding  the 
constants,  n,  h,  and  z,  of  Eq\nition  (12)  ;  one  experiment  on  each  side 
of  the  lower  and  upper  critical  points  suffices  to  give  the  locus  of  all 
the  points  of  the  curve.  If  further  experimental  and  mathematical 
work  shows  that  the  constants,  )i.  z,  and  /,-.  are  comi^utable,  then  it 
follows  that  it  must  be  possible  to  separate  the  roughness  coefiicient, 
(^,  of  2.  and  evaluate  it,  and  thus  permit  of  microscopic  research  on 
the  nature  of  the  surface  as  related  to  it^  coefficient,  which  would 
doubtless  throw  much  light  on  the  natiire  of  a  roughness  ns  applied 
to  pipes. 

Referring  to  Equations  (17)  and  (18),  where  the  approximate 
equations  for  n  involve  the  coetficient,  A",  wliich  contains  yu~\  or  n  is  a 
function  of  jx  and  antici})ating  the  conclusions  of  Eqmition  (36)  of 
Part  II.  where  ii  is  not  a  function  of  viscosity,  it  may  be  said  that 
in  the  case  of  solids  the  field  is  unlimited  and  the  turbulent  motion 
set  up  gradually  dies  away  by  the  damping  action  of  viscosity,  though, 
in  the  case  of  pipes,  the  field  is  limited  and  there  is  no  such  damp- 
ing  action;   hence    it    is  reasonable  that  both  conclusions   are  correct. 

Paut  II. — A  Genkkai,  Formula  for  the  Resist  a.\(i:  to  Flow  ok  Fijids 
IN  Pipes  or  Ciiannki.s. 

The  notation  used  is  the  same  as  in  Part  I.  with  s\ich  additions 
as  are  required.  The  centimeter-gram-second  system  of  units  is  used 
throughout. 
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Preliminarj'   Considerations.     Three   Stages   of   Flow   Considered. 

First  Stage. — Below  a  certain  critical  or  limiting  velocity,  the  law 
of  flow  for  any  pipe  or  fluid  is  expressed  very  accurately  by  the 
equation 

A\  D-  S  =  V,x (1) 

Second  Slage. — Between  the  foregoing  limiting  velocity  and  a  still 
greater  one,  or  the  lower  or  higher  critical  velocities,  is  a  region  of 
flow  concerning  which  but  little  is  known.  It  has  been  recognized 
heretofore  by  writers  and  experimenters  as  a  zone,  or  region,  of  dis- 
turbance. It  will  be  shown  that  for  any  pipe  there  is  a  quite  simple 
law  of  flow  for  this  stage  (hereinafter  called  the  second  stage),  and 
that  it  is  represented  accvirately  by 

7ir,  ,s>  =  r^ (2) 

Third  Stage. — For  all  velocities  above  the  higher  critical  velocity 
(end  of  the  second  stage),  which  is  the  case  of  ordinary  use,  or  turbu- 
lent flow,  there  is  no  theory  thus  far  develoi)ed  except  the  empirical 
relation  of 

C  ff-    S^    =    V (3) 

where  the  eoetficient.  C .  is  a  variable.  This  is  the  oldest  formula, 
and  the  efforts  of  hydraulicians  have  centered  largely  about  correct 
values  for  the  coefficient,   C. 

There  is  also  the  exponential  type  of  equation 

C  Ru  ,S*  =  V (4) 

in  which  C  is  not  constant  and  the  exponents,  y  and  x,  are  thus  far 
not  within  the  scope  of  prediction,  but  do  represent  the  facts  quite 
accurately,  as  determined  experimentally. 

Viscosity  as  a  Factor. — Experiments  show  that  the  viscosity  of 
the  fluid  affects  the  flow,  and  that  in  certain  cases  it  is  quite  a  notable 
factor,  and  cannot  be  disregarded;  also,  that  its  relation  to  the  velocity 
is  exponential,  such  that  its  consideration  makes  Equation  (4)  be- 
come 

C  Ry  S''  =  ly (5) 

Here  C ,  again,  has  a  new  value,  and  is  not  a  constant. 

The  Coefficient  of  Roughness,  cf>. — It  has  long  been  known  that 
the  surface  condition  of  a  pipe,  or  channel,  influences  the  flow  pro- 
foundly.    Provisionally,   this   factor   will   be  called   <^,   as   in   Part   I, 
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leaving:  open  the  (jiK'Stion  ol  iUv  nature  ot  its  experimental  value  as 
hereinafter  found;  that  is,  whether  or  not  the  value  as  experimentally 
found  is  the  actual  coefficient,  or  is  some  function  of  the  actual  coef- 
ficient. 

Making  A',  vi,  and  (f>  each  equal  to  1,  tiien  for  a  •••iven  pipe  there 
can  be  written  C  S  =   V" (6) 

where  C  is  a  constant.  Taking  all  known  experimental  dat«,  it  is  seen 
that  an  equation  of  the  form  of  Equation  (0)  corresponds  most  nearly 
to  the  data. 

Logarithmic  Co-ordinates. — Making  log.  S  the  abscissa,  and  log.  V 
the   ordinate,   the   exponent,    n,   of   Equation    (6)    is    found   from    the 

straight-line  relation  of 

log.  S,  —  log.  »S 

—2 — ' 5—    =  n C7^ 

log.  F,- log.  F  ^  ^ 

In  general,  it  may  be  said  that  the  experimental  values  of  the  ex- 

lionent,  n,  for  all  the  cases  where  any  approach  to  accuracy  has  been 

made,  ranges  from  —  to   --;-,  and  never  surpasses  2,  in  value.     For  the 
.)  .) 

few  cases  where  /;  has  been  found  greater  than  2,  there  is  usually 
some  almormality.  (This  nnitter  will  be  fliscussed  later.)  For  flumes 
and  channels,  n  never  reaches  the  value  of  2.  To  prove  this,  take  the 
Kutter  formula,  as  probably  best  expressing  the  law  of  flow,  and  as- 
sume onJy  the  variables  present,  such  that 

V  =  fz^ (S) 

I         F  (Ix 

and  -  ==  -— ^, (9) 

n         xd  V 

.\I;)ke    the    Kulter    coetficient    of    rougluu^ss,    /(,    and    the    slope,    s, 

cniistaiit,  and  let   /.'  be  the  above  variable,  x:  then  the  formula  can  be 

written 

A  Rh 
y  =  (10) 

Ri 

Differentiating  and  reducing  to  Equation   (9),  it  is  found  that  the 
exponent,  n,  is  fi 

1  2"  R^ 

»   =  , 0     +, V <"> 

1   H 1   H 
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from   wliich  it  is  seen  that  —  varies  from  1  to  ^,  between   the  limits  of 

n 

E  =  0  and  7?  =         ,  or  the  resistance  varies  as  i?^  to  E-. 

Making   the   slope,    s.    the    variable    in    Eqnation    (8),    the    formula 

becomes 

A    +   ^ 

V  = ^ (12) 

1  ^-  — 

from  which,  by  Equation  (9),  the  exponent  is  found  to  be 

A  S2  h  g 

1         ^^  "  2d    ,      ■  T 


(13) 


Ash  +  -T       ^    +  V 

which  also  makes  the  resistance  vary  as  the  first  power  when  s  is  small 
and  approaches  the  second  power  of  V  when  s  is  large.  Hence,  in  gen- 
eral, the  Kutter  fornnda  can  be  exjiressed  exponentially  with  the  ex- 
ponent of  V  ranging  from  1  to  2. 

From  the  foregoing  it  can  safely  be  said  that,  for  How  in  the  third 
stage,  the  resistance  varies  as  T'",  with  values  of  n  ranging  from  1  to  2, 
or,  more  closely,  as  far  as  is  known  for  pipes  conveying  water,  it  rang'es 

.'■)  () 

from  —  to  —  or  more  simply. 

'The  tliird  stage  is  characterized  by  the  in-esence  of  a  variable  ex- 
ponent, n,  with  n'>  1  and  n  <2. 

Comparing  the  foregoing,  with  the  deductions  of  Part  I,  there  is 
seen  to  be  the  following  order  of  succession  of  exponents : 

First  staiie  Second  stag:e       Thinl  stage 

exponent.  exponent.  exponent. 

Solids    i  n  2 

Pipes    1  3  n 

As  far  as  can  be  judged  from  the  experimental  data  (wliich  are  far 
from  complete),  the  transition  from  one  stage  to  another  is  quite  sud- 
den or  abrupt;  or  a  very  small  increase  in  the  driving  force  causes 
the  foregoing  changes  in  the  exponents  of  the  law  of  resistance. 

Distinction  of  Boundary  Condiiions. — For  the  solid  moving  in  an 
unlimited  field  of  fluid,  the  maximum  stream  line  disturbance  is  at  the 
surface  of  the  moving  solid ;  and,  due  to  viscosity,  there  is  a  damping 
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action  wliicli  iiuickl.v  ivduct'S  the  (listvirltiiiicc  tn  zero  at  no  great  dis- 
tiincc  n<>rin:il  to  the  axis  ot"  motion.  For  jjipcs.  where  the  seeund  or 
third  stages  are  considered,  there  is  quite  a  diiferent  hnv.  The  fhiid 
friction  created  by  the  boundary  conditions  causes  turbulent  motion  to 
l>revail  over  the  entire  ci'oss-section  of  the  i>ii)e,  and  the  damping 
action  named  for  the  solids  is  absent.  For  the  first  stage  there  is  a 
common  cxixnient  which  points  to  a  common  law  governing  botli,  and 
it  is  i)rol);il)lc  that  the  law  is  a  general  one  for  all  stages,  the  differ- 
ence in  boundary  conditions  producing  the  abov(>  changes  in  the  ex- 
jionents. 

It  will  now  be  shown  that  there  is  a  common  law  of  resistance 
ai>plicalilc  1o  both  solids  and  ]upes,  or  that  the  general  form  of  the 
('(luation  applicable  to  solids,  as  given  in  I*art  I,  can  also  be  applied 
to  pipes.  There  are  certain  elements  which  are  common  to  both,  such 
as  velocity,  diameter,  viscosity,  and  fluid  density.  They  differ  in  the 
choice  of  co-ordinates,  I'  and  J)  being  used  for  the  solids  and  T'  and  <S 
for  the  pipes,  the  z?  of  the  solids  corresponding  approximately  to  the  /? 
for  the  pipes. 

As  this  part  may  be  read  by  some  who  do  not  care  to  read  Part  I. 
the  origin  of  the  general  equation  will  be  fidly  set  forth,  and  the  same 
method  of  dimensions  will  be  used. 

The  Method  of  Dimensions  Applied  io  Find  Ihc  Law  of  Flow  for 
Pipes  rind  Channels. — When  generalized,  the  driving  force  required 
to  overcome  the  frictional  resistance  of  a  pipe  is  seen  to  be  the  ijroduct 
of  a  voluuK  .  a  density,  and  an  acceleration  (slo])e),  or,  in  terms  of 
ma-^s,  length,  and   time, 

[J^']  [^][^2]  -'^^L  T-'^A  Force (14) 

Opposed  to  the  force  and  equal  thereto  is  a  resistance,  wliich  will  here 
be  assumed  to  be  a  product  or  function  of  a  velocity,  a  diameter,  a 
viscosity,  and  a  Huid  density,  and  the  additional  assumption  is  made 
that  an  exponential  relation  exists  between  these  four  factors,  or.  that 
Force  =  k  (V^  D^  3f'  (p"") ( lo) 

and  the  coefficient,  /.-.  is  assumed  to  be  a  number  not  having  dimension. 

Equation   (15),  when   fully  wrilten,  Ix'comes 
[3/ ][L][T---=]  =:  k[[]J  7'-']  [IJ]  [M'  L-'  T'']  [M'"  L  -  ■"'"^]  1.(10) 
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K(|iiatiiig  exponents,  there  is  found  from 
M,         1  =  2  4-  w 
L,  1  =  X  -{-  i/  —  z  —  Sw 

T,   —    2  =  —  X  —  z 

or,  three  equations  containing  four  unknown  quantities,  which  can  be 
solved  by  assuming  n  =  a;  =  v/  (or  that  T'  and  D  have  the  common 
exponent,  /()•    Making  this  substitution,  the  resistance  becomes 

Resistance  =  k  (V  D)"  /z^""  p"-i 

from  wliich  the  general  equation  can  be  written 

A-„D'^S=  (rD)'*//2-"p"-i (17) 

This  equation  is  practically  identical  with  that  of  Part  I  for  solids 
falling  in  fluids.  Being'  perfectly  general  and  homogeneous  (that  is, 
the  simi  of  the  exponents  for  mass,  length,  and  time  are  equal  in 
both  members  of  the  equation),  it  offers  a  sound  basis  or  hypothesis 
from  which  to  work.  It  may  be  objected  that  the  assumptions  made 
about  the  natin-e  of  a  resistance  are  not  proved  to  be  true.  To  this 
may  be  said  that  the  assumptions  may  be  fairly  considered  as  true, 
provided  they  accord  with  experimentally  determined  facts,  and  such 
proof  wall  be  given  later. 

The  Reynolds  Equation. — Professor  Osborne  Reynolds*  proposed 
an  equation  for  pipes  of  the  form 

A  Ifi  i 


-  (-  ^  ") 


in  which  A  and  B  are  coefficients,  i  is  a  slope,  and  jx  a  viscosity.  This 
equation  can  also  be  written 

wliich  differs  only  from  Equation  (17)  in  the  absence  of  the  density 
term,  /a""  ,  which  is  required  to  make  the  equation  homogeneous  and 
for  other  reasons  shown  later.  Professor  Reynolds'  equation  never 
came  into  use  because  of  the  difliculties  of  assigning  proper  values  to 
the  coefficients  and  the  exponent.     It  will  be  shown  that  .4  and  B  are 

'"'  6 

not  constants,  and,  as  before  stated,  n  ranges  in  value  irotn  -7-  to  — -• 

6  o 

*  Proceedings,  Royal  Society,  188.3. 
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Special  Willies  of  the  Exponent,  n. —  Fmrn  E(niation  (IT),  by  giv- 
iiiii-  spci'ial   valiu's   to   n,  there   is  t'ouiui 

For  n  =  1,  /v,  I)-  S  =   V /ti (IS) 

For  1  =  2.  A'2  D  S  =  V-p (l<i) 

For  71  =  d,  K^S  ^  V^  /it -^  p- (2(1) 

K(Hiati(.ii  (19)  is  seen  to  be  the  basis  of  the  Chezy  formuhi. 
I'j|iiati(iii   (20)  can  be  modified  to 

k  (Sm)^  =  V (21) 

whicli  form  will  be  used  later  to  find  /,•  and  to  test  the  general  cor- 
rectness of  Equation   (17). 

Consideration  of  Equation  (17)  by  Stages. — To  test  the  accuracy 
of  Equation  (17)  retjuires  that  it  be  applied  to  experimental  data  for 
the  three  stages,  and,  if  it  be  correct,  then  it  must  agree  with  experi- 
mental results  in  all  three  stages. 

'J'lie  First  Stage. — 

A-,  ir^  s  =  V  f^ (IS) 

For  velocities  below  the  lower  critical  velocity,  that  at  the  pipe  wall  is 
zero,  and  calling  <^  a  coefficient  of  roughness,  it  is  clear  that  flow  in 
rhe  first  stage  (or,  n  =  1)  must  be  independent  of  <^,  hence  <^  can  only 
enter  into  the  general  equation  with  an  exponent  of  (?)  —  1),  or,  it  is 
of  dimensions  the  same  as  a  density.  Because  both  p"-^  and  0"-^ 
vanish  when  /)  =  1,  it  follows  that  h\  must  be  a  constant  for  any 
pipe  or  fluid,  and   its  value  is 

^.  =  -^s (^2) 


From  the  ordinary  theory  of  viscosity,  it  can  be  sliown  that  in  Equa- 

ing. 

gD's 


g 
tiou  (22)  /r,  =    ^  or,  on  reducing 


32 


=  Vm (23) 


Equation  (23)  is  true  for  any  pipe  or  fluid,  and  from  it  is  deduced 

g  D^  S 

^  =  Vr ("2^) 

These   equations  show   that   all    experiments   on   pi{)es   in   the   first 
stage  of  flow  are  but  exp<'riinents  for  finding  the  coefficient  of  viscosity, 
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;nul,  i>iv(Mi  the  latter,  then  the  velocity  can  be  predicted  accurately  by 
the  use  of  Equation  (23). 

Applying'  Equation  ("23)  to  the  reduction  of  the  experiments  of 
Messrs.  Sai)h  and  Schoder*,  which  experiments  bear  internal  evidence 
of  having-  been  made  with  great  care,  using  the  centimeter-gram-second 
system  of  units,  and  Slottes'  formula  for  the  coetEcient  of  viscosity 
of  water,  there  is  found  for  their  brass  pipes: 

Nos.  VII.  IX.  XIII.  XV.  XVI. 

log.  A'j....   1.4545   1.4830   1.4831   1.47(30   1.4852 

log.  ^ 1 .  4866   1 .  4866   1 .  4866   1 .  486(5   1 .  4866 

'^   32 


Difference.  —0.0321  —0.0036  —0.0035  —0.0109  —0.0014 

These  pipes  were  not  jacketed,  nor  is  it  known  that  the  viscosity 
of  the  water  used  was  that  of  distilled  water;  in  the  case  of  Pii^e 
No.  VII  there  is  only  one  observation,  where  the  observed  loss  of 
head  was  0.0315  ft.  The  small  departures  noted  above  can  readily 
fall  under  experimental  errors. 

Temperature  Effects. — Examining  in  detail  the  data  from  "Brass 
Pipe  No.  XVI,''  there  is  found  for  the  log.  coefficients  of  K^  the 
following  values : 

Experiment  No.  101, /  =  69.0°  Fahr.,  log.  Jij  =  1.4869,  Slope  =  0.1829 

"     102,^  =  69.5°  "         "       "         1.4942  "          0.0780 

"     113,^  =  70.4°  "         "       "         1.4925  "          0.1172 

"     114,^  =  70.9°  "         "       "         1.4852  "          0.0586 

"              "     221, /  =  75.2°  "         "       '•         1.4888  "          0.0897 


Means  !'  =  7l°      Fahr.,  log;.  A\  =  1.4888 

The  theoretical  value  is  /i ,  =  log.  ;^  =  1.4866. 

The  air  temperature  was  about   68°    Fahr..   or   nearly   the  same   as 
that  of  the  water  vised. 

For  lower  temperatures,  there  are  the  following  data: 

E.xperiment  No.  440,  ^  =  .38.5°    Fahr.,  log.  Z^  =  1.5026,    Slope  =  0.337 

"  "      441,^  =  38.4°         "         "      "    =1.5178         "     =0.191 

"     442,^  =  38.3°         "        "     "    =1.5487         ''     =0.072 
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As>iiiiiiiifi'  tluit   \o<fX.  A  ,   is  1.4SGG,  tlu'ii   to  luirnKnii/c  ihese  observa- 
tions  rt'iiuires  changes  in   the  wall  temperature,  as  follows: 
t  38.5°  should  be  40°,  diflFerence  =  1.5°  X  slope  =  0.50 
tSS.V        •■       "    42°,  •'  =3.6°X      "     =0.68 

^38.3°        "       "    46°,         "         =T.7°X      ''     =0.51 

or  the  correction  required  is  roughly  i)roportional  to  the  velocity,  a 
high  velocity  tending  to  absorb  the  heat  derived  from  the  air  tem- 
])crature  dilTerence  of  about  30°  Fahr.  These  experiments  show  the 
necessity  for  ])rotecting-  tlie  pi])c'  wall  from  external  temperature 
changes. 

^Fessrs.  Karnes  and  C'oker"'  have  shown  thai,  wiien  a  tube  is  heated 
from  till'  outside,  for  velocities  below  the  critical  velocity,  the  heat 
atfects  only  a  mere  film  of  fluid  near  the  wall,  as  it  passes  through 
the  tube  practically  unchanged  in  temjxM-aturc  The  observations  of 
.^^essrs.  Sapli  and  Scliodci-  are  confirmatory  of  tlie  fact  that  the  sur- 
face film  is  affected.  The  writer  has  f)hserved  naked  jiiiies  in  the  oil 
fields  of  California,  conveying  oil  by  gravity,  where  a  jiassing  cloud 
<ibscuring  the  sun  would  cause  a  sudden  droj)  in  tlie  flow.  The  action 
must  have  been  at  the  pii»e  surface  only,  as  there  was  not  time  to 
ehaiige  the  temperature  of  the  mass  of  oil.  It  can  also  be  inferred 
that  the  velocity  must  have  been  below  the  critical  velocity.     For  the 

liiLrher  velocities,  n  ^  —   to  —.it  docs  notapiiear  nroi)al)le  tliat  ordinarv 
.'5  3 

differences   of    temperature   could    intluence    the    tlow    greatly,    because 

tlie  water   is   eddying  constantly   against    the  sides   and   equalizing   the 

remi)erature.     From  the  foi'egoing  it  may  be  inferred  that  observations 

in  the  /(  =  1   stage  are  only  useful  to  find  the  viscosity  coetficient.  jx. 

and    that    the  same   can    l)c    found    with   much   accuracy,   provideil   care 

is  taken  to  avoid  external  temperature  influences. 

Reverting    to    F(iuations    (22)    and    (23),    it    will    be   obsei-vcd    that 

their  prol)able  origin    is  from 

^4'^=    (    ^    )" 


(•-'.-.) 


The  terms.         and    tt.    arc    tlic    iclations    to    area    and    suil'acc.  and 
4 

the  s  is  a  constant  belonging  to  tlu-  terms;  it  will  be  shown  later  that 
these  terms  must  enter  (Teneral  Equation  (17)  as  previously  written. 
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The  foreg'oing  shows  that  General  Equation  (17)  applies  accurately 
to  observations  in  the  («  =  1)  or  first  stage  of  flow. 

The  Second  tStage  of  Flow. — The  end  of  the  first  stage  of  flow 
(exponent  =  1)  is  marked  by  a  rather  sudden  change  in  the  resistance 
from  the  first  to  the  third  power.  This  point  is  also  the  lower  critical 
velocity.  General  Equation  (17),  making  /;  =  3,  becomes  modified 
for  this  stage  to  its  simplest  form 

A(N/Oi=    r (21) 

(Note  that  D  disappears  from  Equation  (21).) 

Taking  Messrs.  Saph  and  Schoder's  Brass  Pipe  No.  XVI  as  a 
test,  tlie  limits  of  this  stage  appear  to  be  between 

Lower  critical  velocity,  log.  *!?  =  1.4912,  log.  7  =  1.8563 
Upper        "  "  log.  .S'  =  1.8563,  log.  F  =  1.9780 

and  between  these  limits  there   are  nine  observations  which,   reduced 
for  log.  h  in  Equation  (21),  give 

Experiment  No.     99,  log.  /.;  =  2.6951 


107  ' 

'  "  =  2.6971 

109  ' 

'  "=2.6912 

110  " 

'  "  =  2.6946 

111  ' 

'  "  =  2.7054 

112  " 

'  '  -=  2.6805 

218  " 

'  "  =  2.6912 

219  " 

■  "  =  2.6871 

317  '' 

'  "=2.6827 

Mean   value  =2.6916 

When  it  is  remembered  that  the  experimenters  were  unaware  that 
such  a  relation  or  stage  existed,  the  foregoing  very  close  concordance 
in  the  experimental  values  of  the  coefficient.  A.',  is  to  be  taken  as 
an  index  of  the  care  of  the  experimenters  and  also  as  highly  confirma- 
tory of  the  existence  of  a  stage  where  the  resistance  varies  as  the 
third  power  of  the  velocity;  at  the  same  time,  it  confirms  the  accuracy 
of  General  Equation  (17)  by  giving  the  proper  exponent  for  the  vis- 
cosity. 

The  remaining  pipes,  Nos.  VII,  IX,  XIII,  and  XV,  are  not  so 
regular  in  the  values  of  the  coefficient,  the  reason  being  that  the  data 
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t(ir  this  region  i\vv  k'ss  in  miniber  of  observations,  jind  also  that  xmiu 
Ml)servations  are  either  quite  irreguhir  or  are  too  near  the  critical  ixiint. 
Fnr  these  pipes  the  following  are  approximate  mean  values: 

Pipe   VII,  Mean  log.  A;  =  2.744 

IX         "       "     "  =  2.762 

u    XIII         "        •'     "  =2.092 

"      XV         "         "     "  =  2.721 

"     XVI         "        "     "  =2.6916 

Tlie     Lower     Criiical     Point. — Accordiufi-     to     Professor     Osborne 

V  D 
Kovnokls,  — *-- —  =  constant  (about   2  000  when   usinij  the  diameter  and 

centimeter-gram-second  system).  It  will  be  shown  that  this  is  only 
partly  true.  Writing  the  resistances  and  equating  them  for  the  com- 
mon point,   Vc,  there  is 

\\.1)H_  {V,Df 


from  which  is  found 


A-,V  V..D 


Q) 


n 


an  e(piation   wliich  shows  that    —     can    only   be    a    constant    provided 

that  A-g  is  constant  (A-j  is  a  constant),  but  the  above  values  of  A:^.  which 
is  the  above  ^*  cubed,  are  not  constant,  which  suggests  that  A;.j  must 
contain  (0  p)^,  or  (<^  p)"~^'  because  it  can  be  assumed  that  it  is  the 
roughness  factor,  ^,  that  determines  the  change  in  the  law  of  resistance 
from  Fp  to  Fp^.     For  water,  p  =  1,  hence  <^-  must  be  a  factor  of  A-..,  or 

2 

(pi  is  a  factor  of  the  A-  of  Equation  (21). 

Consideration  of  k„  of  Equation  (17). — At  this  stage  it  is  appro- 
priate to  consider  the  nature  of  the  general  coefficient,  k„,  of  Eijuation 
(17).     From  a  study  of  the  coefficients  found   in   the  three  stages  of 

t1ow.it  became  clear  that  A-    contains  as  factors,  7", :r'(^^)"^ 

"  n  (n  —  1) 

and   (p  0)"~^.     Further  consideration  of  these  factors,  in    connection 

with    Equations    (17)    and    (25),   led    to   the   following   general   form, 

which  is  Equation   (17)  more  fully  detailed: 


4  >?(ti  —  1)\       g       / 


(2(5) 
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in   which   form   it   may  be  considered    as   api)licable   to    any  fluid.      If 

tlic  constants,  — ,  are    removed    from    the    bracket,  or    are    transposed 

to    the   left-hand    member,  then  the  term,   0"~\  is    no   longer   smgle- 

valiied.     The  term         is    supposed    to    be    an    integration    coefficient  ; 
n 

the  term,  ;,is  also  required  to  render  0'*  ~  *  a  single-valued  func- 

(n  — 1) 

tion,  when  rj  =  ;-5  or  n.      Equation  (20)  can  also  be  written 

4  '     /<^         n  (n  —  1)  ^        (J  n         ' 
In  this  form  it  is  seen  that  the  terms,  /<^  "  ",  {p  cpy^  '  ^  do  not  have  or  re- 

1 

(luire  inteijration  coefficients,  other  than  the  term,  ,  common  to 

^  -  n  (n  —  1) 

both   equations.     From  this   it   is  seen   that,  for   a   given  pipe  in   the 

third,  or  n,  stage  of  flow,  V  varies  as 

/'^  "    ' (^7) 

and  temperature  reductions  are  made  accurately  by  iising  this  exponent 

for  IX.    As  an  illustration,  let  /(  =  1.75,  log.  V  =  0.6000,  and  ^  =  35° 

Fahr. ;  recjuired,  log.  V  at  t  ^=  70°  Fahr. 

log.  M  t  =  ;).•■)         2.228() 

"     ,.it  =  H)         3.9S7S 

difference         =    0.240<» 

2—1.75  1 

=    —  difference  0.0344 


1.7i 

().(i()(lO    log.  Fat  :55°  Fahr. 

0.()344    log.  Fat  70°  Fahr. 

or  8.25%  increase  in  the  velocity  from  such  temperature  change. 

Further  Consideration  of  the  Critical  Points. — Making  ?i  =  1  and 

n  =  3  for  the  first  and  second  stages,  using  the  fijial  Equation   (26), 

and   equating   resistances   for   the   two   stages   and   common   lower    V^ 

point,  there  is 

/s  7t  T'  D\         1   /s  7t  r.  D\-^      ,    , 


f/         -^  6    ^        9 

from  which  is  found 

95.63  fx  =  V,  D  (f> (28) 

froiu  which  it  is  seen  that  — =    constant  ;    and    the    statement    of 

Professor  Keynohls  is  modified  by  the  introduction  of  the  factor,  ^. 
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TliP  Upper  Critical  Point. — flaking-  /;  :^  o  and  n,  for  the  .second 
and  third  stages,  equatinfi'  resistances  for  the  common  upper  F,.  point, 
l«y  Eipiation  (2()).  imd  ri'dvu-inji'.  there  is  found 

(   ,  ^    ,,) ^~  =  r,.  />  0 (29) 

which  sliows  the  ndations  existing  hetween  the  factors  at  the  upper 
V ,.,  or  heginning  of  the  third  stage. 

As  ^  does  not  vary  greatly  for  the  brass  pipes,  the  effect  of  both 
Equations  (28)  and  (29),  when  using  a  logarithmic  diagram  and  a 
common  temperature,  is  to  make  both  the  lower  and  upper  1',.  points 
lie  very  nearly  on  a  straight  line,  as  noted  by  Messrs.  Saph  and  Sclioder. 

From  this  it  is  seen  that  the  factor,  <^,  is  the  determining  cause 
of  the  change  in  the  exponents;  also,  it  can  be  inferred  that  the 
smoother  and  more  regular  the  pipe  wall  the  more  sudden  will  be  the 
change  of  exponents.  Just  why  there  is  a  change  from  the  first  to 
the  third  power  in  the  resistance  is  not  known,  but  the  following  is 
offered  as  a  tentative  solution. 

Up  to  the  lower  V^  the  fluid  is  assumed  to  be  moving  in  parallel 
filaments,  and  there  is  no  motion  at  the  pipe  wall.  When  the  T'^  point 
is  reached,  the  motion  is  unstable  and  suddenly  becomes  turbulent, 
when  the  kinetic  energy  of  the  fluid  is  released  and  begins  to  expend 
itself  in  doing  internal  work  which  disappears  as  heat.  As  the  kinetic 
energy  is  as  T'-.  this,  by  V,  becomes  V^.  Possibly  in  this  case  the 
kinetic  energy  might  be  represented  (on  a  logarithmic  diagram)  by 
a  triangle  with  a  vertex  at  the  upper  V ,..  all  the  suri)his  kinetic 
energj-  due  from  the  lower  V ,.  having  been  usetl  up,  and 
the  new  regime  of  V"^^  begins.  This  reasoning  finds  support  in  the 
fact  that  D^  cancels  out  in  both  sides  of. Equation  (26),  thus  showing 
that  it  is  not  dei)endent  on  the  diameter,  but  on  the  kinetic  energy 
present  at  the  lower  T',..  This  stage,  aside  from  its  value  a.s  an  easy 
method  of  finding  the  value  of  <^.  when  the  pii)e  is  not  too  large,  would 
also  have  great  value  in  finding  the  differential  (-(luation,  on  wliich 
Equation  (20)  m\ist  be  founded. 

Experimental  Values  of  n.  V,.,  V.  and  <^. —  Applying  Etpuition  (20). 
and  using  as  exponents,  1,  3,  and  n,  to  the  reduction  of  the  experi- 
mental data  of  ^fessrs.  Saph  and  Scho'der,  the  following  values  are 
found : 
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Siiiiill  changes  in  the  value  of  the  exponent  are  found,  depending 
on  the  grouping  of  the  observations.  As  th.ese  experiments  extended 
over  some  time,  it  is  seen  that  there  are  probably  changes  in  the  sur- 
face conditions  of  the  pipes  sufKcieiit  to  produce  a  few  lunidredths  in 
the  value  of  the  exponent.  For  the  reduction  given  here,  such  values 
for  tinding  n  were  used  as  were  nearest  in  their  numbei's  to  those  given 
for  the  n  =  3  stage.  Thu.s,  for  Pip©  VII.  Observations  56.  199,  201, 
and  388  were  used  for  n  =  3,  and  Observations  381,  382,  and  383,  with 
Observations  390,  391.  392,  and  393,  to  find  n;  and  for  Pipe  XVI, 
Observations  99,  107,  109,  110,  111.  and  112,  were  used  for  n  =  3,  and 
Observations  103   and  104,  with   Observations   105  and   106.   to  find  n. 

TABLE  3. — Values  of  n,  <^,  and  the  V ,.  Points. 


Lower  Critical  Point 

Upper  Critical 

Point. 

t  =  7U=  Fahr. 

Intersection  of 
n  —  i  WITH  n  =  »i ,  or 

?i 

t  = 

70°  Fahr. 

X  OF  Fig.  1. 
(  =  70°  Fahr. 

Kpe 

los.i) 

No. 

Q 

i               i    "^ 

Q     1 

Q. 

CQ 

u                •«- 

1      y: 

^ 

•^ 

<c 

i,    1      ■«- 

a 

ti 

^      M. 

th 

^ 

ti, 

si 

^     1       ^ 

o 

O 

o 

o         1 

o 

o 

s 

1 ,  - 

VIL.. 

0.2042 

1.7783 

3.2492 

1.3607     2.6417 

15.7089 

1.5139 

2.6441 

3.0087 

1.1202 

2.6441 

XVI.. 

1.4:iJ8 

1.8263 

1.4849 

1.2852      2.6831 

1.8512 

1.4082 

¥.6817 

T.3135 

1.1138 

2.6817 

Table  3  shows  a  close  agreement  in  tho  two  values  of  (f>  found  for 
the  second  and  third  stages,  and  it  confirms  the  general  arrangement 
of  Equation  (26),  which  is  the  only  method  found  that  makes  (/>  of 
single  value  in  the  two  stages. 

To  give  a  clear  idea  to  those  to  whom  the  researches  of  Messrs. 
Saph  and  Schoder  are  not  readily  available,  reference  is  made  to 
Fig.  1,  which  shows  the  position  on  a  logarithmic  diagram  of  the 
three  stages,  /;.  =  1,  3,  and  1.794,  for  temperatures  of  70°  and  40° 
Fahr.  These  lines  were  obtained  by  Equation  (17)  and  substituting 
therein  the  foregoing  values  of  n,  whicli  gave  the  coefficients.  l\  /.*,,  and 
/<■„ ;  with  these  values,  the  intersection  points,  A.  ]>,  and  C,  I),  were 
computed. 

It  will  be  nott^d  that  the  point,  C.  is  of  much  greater  velocity  than 
the  point,  A.  Eciuation  (28)  .shows  that  F,.  varies  directly  as  the  vis- 
cosity.    The  equation  shows  that  the  /  =  40°  or  C  —  D  line  is  gen- 
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t'latcd   by   the   motion   of  the   t  =  70°   or  A   —   11  line  along   the  line 
A  —  C,  which  has  a  slojje  of  \ofx.  S  ^  2,  log.   V  =  1. 

Log.  Slope. 

Point    .1  =  log.  ^  =  1.4912  log.  l'  =  l.S563 

n  =  log.  S  =  1.8563  log.  F  =  1 .9780 

C  =  log.  >S  =  1.8928  log.  F  =  2.0571 

D  =  log.  S  =  0.2579  log.  V  =  2.1788 

70°  log.  viscosity  0.9S77 

40°    "           "  2.1885 


a  1.9 

> 

bo 


Dilfi-rence  =  0.2008 

LOGARITHMIC  DIAGRAM.  PIPE  XVI,  BY  MESSRS.  SAPH   AND  SCHODER 
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77it'  Third  Stage  of  Flow,  V". — This  ptag(>  is  tlie  nio>t  intere-sting 
from  a  practical  viewijoint.  as  it  is  the  one  nu't  in  daily  use.  (leneral 
Equation  (26)  represents  quite  accurately  tlie  experimental  data,  and  it 
may  he  well  to  state  here  the  method  used  to  fiTid  the  exi)onent,  n,  and 
the  proof  of  tlie  accuracy  of  the  term,  n'^-^. 

Calling  a.r.  the  arithmetical  coniidcnicnt.  write  a  now  cciuation,  as 
follows : 

.r  (a.c.  log.  S)  +  log.   r  —  y  {a.r.  log.  ^)  =  Con.stant.  . .  .(30). 
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Oil  tlie  a[)i)licatioii  of  this  equation  to  all  the  data  of  a  given  pipe 

above  the  upper  critical  velocity,  the  solution  will  be  .r  ^  — ,  and  v 

n 

2  —  n 

will  equal  a  value  very  close  to ;  thus,  tor  n  =  l.To  to  l.i^O,  small 

n 

differences  of  0.01  to  0.02  were  found  from  the  value  of  2  —  n.  Aver- 
aging all  the  data  of  Messrs.  Saph  and  Schoder  for  their  brass  pipes. 

II  to  XVI,  inclusive,  it  was  found  that  the  statement  y  varies  as  //  ^    "    '  ■> 

is  correct.  Some  larger  differences  than  those  above  noted  were  found, 
and  it  seemed  to  point  to  progressive  changes  in  the  condition  of  the 
pipe  surface.  Those  observations  which  were  nearest  to  each  other 
in  time  gave  more  concordant  results  than  those  found  by  comparing 
old  and  new  observations.  Differences  in  the  exponent  and  also  for 
(f)  were  noted.  The  general  impression  left  on  the  writer's  mind  was 
that,  for  purely  experimental  purposes,  such  as  to  discover  the  laws 
of  flow,  greater  care  must  be  taken  with  the  experiments,  possibly  in 
the  matter  of  jacketing  the  ])ipe,  so  as  to  have  the  wall  temperature  the 
same  as  the  water  moving  in  the  pipe,  and  also  that  the  water  be 
quite  free  from  sediment  and  bacterial  or  organic  growths  which 
might  lodge  on  the  rugosities  of  the  surface,  or  could  fill  any  pits  in 
the  surface,  or,  in  the  case  of  organic  growths,  might  in  a  short  time 
change  seriously  the  surface  condition  to  an  extent  detrimental  to  the 
accuracy  of  the  experimental  data  sought.  Filtration  of  the  water  and 
its  sterilization  would  seem  to  be  indicated  as  necessary  requirements 
for  any  approach  to  accuracy. 

EesuUs  Ohtatned  hy  Equation  (26). — Table  4  gives  values  of  D,  n, 
and  <^,  as  found  by  applying  Equation  (26)  to  the  reduction  of  some 
of  the  existing  pipe  data.  With  the  exception  of  the  experiments  of 
Messrs.  Saph  and  Schoder.  most  of  the  data  lack  details  as  to  tem- 
jierature.  In  order  to  make  use  of  some  of  it,  the  temperature  was 
assumed,  as  it  seemed  especially  desirable  to  compare  the  exponents 
found  for  wood  pipe  with  the  corresponding  values  of  ^  for  brass  pipe. 

Table  5  gives  the  viscosity  coefficient,  as  used  by  the  writer,  to 
enable  comparisons  to  be  made  by  those  to  whom  such  tables  are  not 
readily  accessible. 
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TABLE  4. — Values  of  Diameter,  Exponent,  and  the  Coefficient,  <j>. 


Pipe  No. 


loR.  1).  in 
centimeters. 


Exponent 


Remarks. 


Saph  and  Schoder — Brass  Pipes. 


II 

Ill 

rv 

0.7202 

0.58(13 
0.5005 
0.4277 
0.3185 
0.2048 
T.9805 
1.7508 
1.5885 
1.4338 

1.7600 
1.7611 
1.7540 
1 .7547 
1.7:«) 
1.7618 
1.7749 
1.7417 
1.7440 
1.7940 

0.0445 

0.0476 
0.0467 
0.04K5 
0.0456 
0.0453 
0.0445 
0.0479 
0.O144 
0.04C6 

V 

VI 

VII 

IX 

XIII 

XV 

XVI 

Saph  and  Schoder — Galvanized  Pipes 

• 

Pipe 

Exponent. 

log.* 

XVII  direct 

0.4214 

1.9815 

2.7110 

XVII  reverse 

0.4214 

1.9353 

2.7579 

XVni  direct 

0.3348 

1.8292 

2.6840 

XVIII  reverse 

0.3342 

1.85:« 

2.6673 

XIX  direct 

0.2014 

1.8420 

2.7513 

XIX  reverse 

0.2014 

1.8676 

2.7281 

XX  direct 

0.0914 

1.9186 

i.TMH 

XX  reverse 

0.0914 

1.9«84 

2.7457 

XXI  direct 

1.9489        1            1.9593 

2.9061 

XXI  reverse 

1.9489                     1.9302 

2.9471 

Diameter,  in              log.  D.  in 
inches.               centimeters. 

Exponent, 
/I. 

* 

Remarks. 

E.  A.  Moritz — Wood  Stave  Pipes,  t  Assumed  aj  55°  Fahr. 


55.75 

55.75 

22.00 

2.1514 
2.1514 
1.7472 
1 .6<}01 
1.5509 
1.5509 
1.4840 
1.3079 
1.1830 

i.iaso 

1.1038 
1.0069  ' 

1.746 
1.757 
2.215 
1.7.58 
1.8(W 
1.868 
1.749 
1.743 
1.794 
].85<) 
1.896 
1.698 

0.0610 

0.06;«) 

0.013 

0.0582 

0.0434 

0.03<.I9 

0.11136 

0.0538 

0.a528 

0.0508 

0.0593 

0.1144 

Year,  1909 
1910 

18 

14 

14 

1910 

12 

"       1909 

8 

6 

6 

1909 

"       1910 

4 
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TABLE  i— (Continued). 


Diameter,  in 
inches. 

log.  D.  in 
centimeiers. 

Exponent. 
n. 

<t> 

Remarks. 

J.  S.  Moore — Wood  Stave  Pipe. 

48.75 

2.0928                    1.778 
1.8902                     1.771)           1 

().05(i8 
0.0.598 

31 

D'ESMOND  FitzGerald — Cast-Iron  Pipe. 

48 2.0858                    1.909(5        | 

48 2  Ann                    1.8787        | 

o.o:i4o 

0.0310 

North  pipe  tuberculated. 
Gleaned. 

M,\R.\-,  Wing,  and  Hoskins. 

72.5J5 

1            1.945          1 

1.939 

0.0410 
0.0300 

Steel 

72.25 

Wood. 

Clemens  Herschel.* 

48 1            1.856          ; 

0.0702 

Clemens  Herschel — Holyoke  Conduit. 

103.38 

2  0,8              1 

0.0139 

\ 

*  ■'  115  Experiments,"  p.  27,  Experiment  30,  "  Cylindrical  Joints."' 

TABLE  5. — Common  Log.  of  the  Vlscosity  Coefficient. 

0.017944 


(1  +  0.02;{121  T)!^*^'"' 
(T  =  Centigrade  degrees.) 


t.  Fahr. 

log.     IJL 

t.  Fahr. 

log.  M 

1  t.  Fahr. 

log.  fl 

t.  Fahr. 

log.  /li 

32° 

¥.2539 

48° 

2.1287 

64° 

2.0^33 

80° 

3.9321 

.33° 

2.2454 

49° 

¥.1216 

65° 

2.0172 

81° 

3.9267 

34° 

2.2:^69 

50° 

¥.1143 

00° 

2.0112 

82° 

3.il2i:; 

:i5° 

2.22S6 

51° 

2.1076 

j        67° 

2.0052 

83° 

3.9100 

36° 

2.2204 

58° 

¥.1037 

68" 

3.9993 

81° 

3.9110 

37° 

2".2122 

53° 

2.0937 

I        69^ 

3.9935 

85° 

3.906O 

38° 

y.2042 

54° 

¥.0871 

!          70O 

3.9877 

86° 

3.9011 

39° 

.   ¥.1963 

55° 

2.0805 

71° 

3.9819 

87° 

3.8962 

40° 

¥.1885 

5ii° 

2.0735 

72° 

3.9762 

88° 

3.8914 

41° 

¥.1807 

57° 

3.0674 

73° 

3.9705 

89° 

3.8860 

42° 

¥.1731 

58° 

¥.0609 

74' 

3.9649 

90° 

3.88(Hi 

43° 

¥.1655 

59° 

¥.0545 

75° 

3.9593 

91° 

3.8758 

44° 

¥.1579 

60° 

¥.0481 

76C 

3.9538 

92° 

3.87()ft 

45° 

¥.1505 

61° 

¥.0418 

77°       1 

3.9483 

93° 

3.8662 

46* 

2.1432 

62° 

2.0.356 

78° 

3.9428 

94° 

3.8615 

47° 

¥.1359 

63° 

¥.0295 

79° 

¥.9374 

95° 

3.8568 
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Comparison  of  Equ-ation  (26)  with  the  Usual  Forms. — Calling  C 
i\  variable  i-octKcioiit  wliidi  contains  (^  ami  /x,  Eciuation  (20)  can  be 
rodiUHMJ  to 

r  j)\n     ,/  ^s"  =  1' (;!l) 

Making  n  =  '2,  f](iuatiuii  (31)  is  the  Cho/y  form;  otlicrwise  it  is  the 
tinlinary  exponential  equation  as  used  liy  various  writers.  It  was  sug- 
gested by  the  late  Charles  H.  Tutton,  AI.  Am.  Soc.  (J.  E.,  and  others 
that  the  sum  of  the  exponents  in  the  terms,  D  and  S,  are  constant  and 

e»iual  to  1.17.      This  is  only  triic  wiicii  /<  i=         _  =  1.843,  or.  their 

1.1/    *    1 

().().<  0-54 

J'         S      .     Messrs.  Sapli  and   ."^iliodcr  yive  Tor  brass  pipes  n  =   l.<o, 

.5         +  071       0-57 

which    is  Dr   NT,  or  the   same  as  their  J)        S       .     ]\Ir.   .1.   S.  Moore,* 


S.8  T 


'1  78 


for  wood  stave  pipes,  orjves  H  =  — ri  "o     •  ^^''icli  is  1.7S  -f-  l.'iO  =  2.08. 

instead  of  3,  as  required  in  Eciuation  (31).  As  the  sum  of  the  ex- 
ponents mu.st  be  equal  for  each  member  of  an  equation,  it  is  seen 
tli;it  when  /(  =  1.75.  then  the  C  of  Equation  (31)  requires  an  exponent 

ol'    (  '2  —       )  or,  —  0.285,  to  satisfy  the  condition  of  equality  of  the  sum 

of  the  exponents;  which  show.s  the  futility  of  any  attempts  at  i)recision 
unless  the  actual  /*.  cb  and  /.>.  be  used,  as  set  forth  in  Eciuation  (2())- 
Recapitulation  tjy  Stages. — General  Ivpiation  (20)  is  shown  to 
appl.v  quite  accurately  to  the  first  stage  (/;  =  1).  and  its  derivative. 
Equation  (23). 

32  ' 

is  applicable  to  any  pipe  or  fluid. 

Eor  the  second,  or  T'''.  stage,  the  general  etpuition  accords  very 
closely  with  experiment.  The  change  of  the  exponent  of  fi  from  -j-  1 
in  the  first  stage,  to  —  1  in  the  second  stage,  is  brought  out.  By  its 
use  the  apparently  erratic  observations  of  Messrs.  Saph  and  Schoder 
over  the  critical  region  of  flow  are  shown  to  accord  quite  closely  with 
theorv. 

Eor   the    third,   or   the    V",   stage,   the  general    e<iuation    makes    use 

(2  —  n) 

of  the  actual   exponent,  and  also  makes   E  vary  as  //      »      .   whicli  form 
of  exponent  for  fj.  agrees  very  closely  with  the  experinnuits. 
*  Trannactifmn.  Am.  Soc.  C.  E.,  Vol.  LXXIV,  p.  471. 
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Lastly,  cf)  ii^  a  single-valued  factor,  with  exponents  of  2,  and  (/(  —  1) 
in  the  second  and  third  stages. 

From  which  it  can  be  said  that  the  general  equation  found  by 
dimensional  methods  is  capable  of  satisfying  all  the  known  experi- 
mental data,  and  may  be  considered  as  correct. 

The  Exponent,  n,  and  Roughness  Factor,  <^. — These  are  interde- 
pendent quantities,  and,  before  any  general  use  can  be  made  of  Equa- 
tion (26),  some  method  for  their  evaluation  must  be  found.  The 
general  relation  existing  between  these  factors  will  next  be  discussed, 
and  this  will  be  followed  by  suggestions  for  further  research  work 
required  for  their  definite  evaluation. 

The   Relation   of  the   Variables,  n,  <f),  and    V. — It  has  been   shown 

that  for  »  =  1,  the  coefficient.  A',  is  ^,  a  constant,  and  it  is  also  clear 

that  the  diameter.  D,  and  the  viscosity  factor,  fx,  can  also  be  made 
constant,  thus  giving  for  the  first  stage  a  constant  reference  line,  to 
which  line  the  third  stage  can  be  prolonged,  the  intersection  point 
being  the  foregoing  F^,  marked  X  on  Fig.  1.  Although  this  point 
has  no  actual  physical  existence,  it  is  a  useful  assumption,  as  it  throws 
light  on  the  genesis  of  (n  —  1).  Making  n  =  1  and  n,  and  equating 
resistances  for  each,  as  given  by  Eipiation   (26),  there  is 

(iiiLii.) ,  =  ^     (^:^^)"„-...-.....(3., 

^        (J         /  n  (n  —  1 )    ^        9 


which  reduces  to 

1 


S  7t  V^^  D  (p 


n(n  —  \)n^i   =   y ^ (3.3) 

g  M 

Make  D  =  1.  let  //    be  a   constant  (say   for  70°   Fahr.),  and  make 

=  2  6,  and  Equation  (33)  becomes 

U  M 

1 

n  (n  —  l)n-i  =  2hVQcp (34) 

Writing  over  each   member  of  Ecpiation    (34)    the  equality    {n   —   1). 
there  is  found 

-      "-^  =-'1^1^ (35) 

n  (n —  l)w  — 1 
The  left-hand  member  of  Equation    (35)   has  the  remarkable  property 

that  it  is  practically  ecjual  to  --.  as  liere  shown. 
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Values  of  the  Exponent  and  Function,  n,  of  Equation    {35). — 

n  =  2  1.95         1.90         1.85         1.80         1.75 

funotion    /i  =  0.5000     0.49G5     0.4959     0.4990     0.5071     0.5231 

Hence,  for  tlie  usual  ranjje  of  exponents,  —  may  be  written  for  func- 
tion n,  from  which  is  obtained 

(n  —  \)  =  h    F„  (^ (36) 

an    equation,    very   approximately   correct,    which   can   be   made   exact 

by  using  the  proper  value  of  function  n  instead  of  — . 

Equation  (36)  shows  that  the  term  (n  —  1),  or  the  fractional  part 
of  the  exponent,  n.  is  made  up  of  a  constant,  into  the  limiting  velocity, 
Fy,  and  the  factor,  <^,  supposed  to  be  either  the  absolute  roughness 
factor,  or  a  function  of  such  factor. 

Reverting  to  Equation  (34),  substitute  for  (n  —  1)  the  value, 
li  F(,  <^,  and  there  is  found 

{b  V,c},f  T  h  V,<p^{2h  ro</>)"^°* (37) 

an  equation  which  may  serve  to  throw  some  light  on  the  interdepend- 
ent relations  of  F^  and  </>.  If  the  assumption  be  made  that  the  ex- 
ponent, n,  is  never  greater  than  2,  or  that  2  is  the  upper  limit  for 
pipes  and  channels,  which  assumption  appears  to  be  true  as  judged 
by  the  facts,  then  it  follows  that  a  probable  relation  is 

in  —  1)  =h  F„  (/>  =  tan.  /(  ;/ (38) 

where  u  might  be  considered  some  measure  of  the  surface  condition 
into  h  Fq,  or 

Concerning  Equations  (33)  to  (39),  it  is  the  writer's  impression  that 
any  attempt  at  present  to  separate  the  variables  would  be  useless,  for 
the  reason  that  there  is  now  no  method  known  of  stating  the  numerical 
value  of  a  roughness  of  a  surface,  and  if  the  absolute  value  of  <^,  or 
such  a  roughness,  could  be  deduced  from  existing  data,  it  would  still 
rciiuire  further  experimental  work  to  connect  such  a  value  with  a 
given  surface. 

For  comparative  purposes,  four  exemplars  are  here  given.  The 
mean  value  of  F"  for  some  corresponding  S,  was  reduced  to  ^  =  70° 
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Fahr.,  and  using  Equation   (26)   with  n  =  1   and  ?(,  tlio  values  of   Fj, 
and  0  were  computed. 

No.  1  is  the  averag'e  values  for  Messrs.  Saph  and  Sehoder's  brass 
pipes,  II.  Ill,  IV.  V,  VI,  and  VII,  and  Nos.  17,  18,  and  21,  are  for 
their  galvanized  pipes. 


No. 

1 

17 

18 

21 

/( 

1.7547 

1.9404 

1 .  8286 

1.9525 

log.      l'„ 

1.0766 

1.1078 

1.1115 

0.9510 

log.    (f) 

2.6643 

2.7497 

2.6858 

2.9111 

leg.   r„ 

<^ 

1 . 7409 

r.8570 

1.7973 

1.8621 

log.   a 

1.9929 

0.2409 

0.0732 

0.2691 

u 
log.  y- 

*  0 

2.9168 

1 . 1336 

2.9617 

1.3319 

Relative 

roughness 

1. 

1.6.5 

1.11 

2.61 

The  quantity,  u,  is  the  corresponding  argument  in  a  table  of  hyi^er- 
bolic  tangents  that  gives,  tan./i  ?/-  =  (/(  —  1).  It  will  be  noted  that 
for  Nos.  17  and  21,  V^  <^  is  nearly  a  constant,  hence  T'„  is  some  re- 
ciprocal function  of  <l>.  An  inspection  of  its  relation  to  the  other 
quantities  shows  that  it  is  probably  transcendental  and  closely  related 
to  the  relative  roughness. 

The  last  line,  relative  roughness,  may  be  taken  as  an  expression 
for  the  roughness,  calling  brass  pipes  =  1.  It  is  this  measure  that 
is  required  in  absolute  measure,  and  its  relation  to  F,-,  and  cf>  is  re- 
quired to  effect  the  solution  of  Equation  (36). 

Prohahle  Factors  of  the  Exponent,  n. — Equations  (32)  and  (39) 
suggest  the  thought  that  the  changes  in  the  exponent  for  the  three 
stages  of  flow  have  their  origin  in  changes  of  bounda.i-y  conditions,  or 
certain  limiting  velocities  combined  with  the  surface  CDudition.  pro- 
ducing the  observed  changes,  and,  before  proceeding  to  build  up  any 
theory  of  the  cause  of  such  changes,  a  brief  review  will  be  made  of 
the  possible  contributing  factors. 

The  Experimental  Value  of  n. — For  pipes  and  channels,  our  knowl- 
edge of  the  value  of  the  exponent  is  derived  from  the  relation 

log.   S.  —  log.   S         d  log.  S  V  d  .s 

n  =  .^^: \ i:^ —   =  ":!--    =  (40) 

log.  Fi  —  log.  F        d  log.  F        S  d   V  ^     ' 

General  Equation  (16)  assumes  that  the  resistance  is  a  function  of 
the   surface,   or   that  the   surface   condition   determines   the   resistance 
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:iii(l  its  cxiionciit.  iiiid  KtuKiticm  (40)  shows  that  the  cxpoiiciit  is  fonml 
irom  ii  loss  of  head,  and  it  slioidd  here  be  noted  that  there  can  he. 
and  in  praetice  nsually  is,  loss  of  head  not  directly  ehargeable  to  the 
general  surface  condition,  such  as  variations  in  diameter,  as  a  cylin- 
drical-jointed or  a  taper-jointed  pipe;  from  the  grosser  inequalities 
of  thr  surface,  such  as  a  row  of  rivet  heads,  circular  or  longitudinal, 
corrugations  in  the  asphalt  dip,  large  tubercles;  any  change  from 
straight-line  niotion,  such  as  bends  in  the  pil)o;  leakage,  air  at  the  sum- 
mits, etc.  For  a!l  tliese  al)norirud  conditions  it  is  jjossiblc  that  the 
resistances  follow  some  other  law  of  exponent  than  that  due  to  the 
general  surface  conditions,  such  as  the  resistance  for  the  abnormal 
conditions  might  follow  the  V  law,  or  some  law  approximating  it,  and 
the  normal  resistance,  such  as  is  supposed  to  arise  from  a  general 
surface  condition,  might  be  taken  as  the  V"  law.  This  is  a  very  iui- 
portant  point,  not  heretofore  recognized,  and  before  any  accurate  ad- 
vance in  the  theory  can  be  made,  mea.ns  must  be  discovered  for  the 
separate  evaluation  of  nornuil  and  abnormal  losses  of  head. 

As  this  pajier'  is  dealing  with  normal  conditions,  it  will  consider 
ihat   the   exporiiiiciital    results   of   the  best  selected   data    show   that   n 

ranges  from  —  to  —  in  mairiiitudc. 
;}         ;^ 

7' lie  Exponent  Inrrrases  with  tlie  Roughness. — Smooth  pipes  have 
exponents  of  1.70  to  1.80,  and  rough  pipes  have  exjionents  of  1.00 
to  1.99  -|-,  but  do  not  reach  the  upper  value  of  2. 

Velocity  as  a  Factor. — The  investigations  of  both  Parts  1  and  11, 
show  that  sudden  changes  occur  in  the  value  of  the  exponent,  and  that 
such  changes  are  caused  by,  or  at,  a  certain  critical  velocity,  a-nd  that 
on  a  logarithmic  diagram,  tin;  critical  i)oints  are  connected  by  straight 
lines  from  point  to  point.  As  far  as  can  l>c  judged  from  tlie  exainini- 
tion  of  the  data,  the  above-mentioned  straight  lines  are  not  asymi)totes, 
but  tlic  change  appears  to  aris(»  from  a  condition  of  unstable  (equili- 
brium, much  like  a  balance  just  poised,  when  a  very  small  addition 
to  the  weight  will  cause  the  beam  to  drop.  It  should  here  be  remarked 
that  the  evidence  on  this  point  is  by  no  means  conclusive;  thus,  if 
careful  experiments  should  sliow  that  the  straight  lines  are  really 
connected  by  a  short  curvature  it  would  necessarily  modify  the  above- 
named  opinion  that  the  critical  points  are  connected  by  straight  lines, 
and  might  also  modify  the  nuithematical  treatment  of  the  problem. 


2176  A   STUDY   OF   FLUID  RESISTANCE  [Papers. 

Is  the  Diameter  a  Factor  of  the  Exponent? — Equation  (36)  shows 
that  the  diameter  is  not  a  factor,  because  the  h  can  be  considered  a 
constant;  if  some  other  diameter  than  unity  be  used,  then  the  value 
of  h  would  be  correspondingly  changed,  with  a  simultaneous  and  equal 
change  in  F,^,  or,  h^  V ^^  ^  z=  h  V^  <^  ^  {n  —  1).  Table  4  shows  that 
for  brass  pipes  ranging  from  0.1  to  2  in.  in  diameter,  n  and  <^  remain 
nearly  the  same  through  a  range  of  1  to  20;  again,  compare  these 
brass  pipes  with  the  large  wood  stave  pipes  of  Messrs.  Moritz  and 
Moorp,  where  the  exponents  and  </>  are  almost  the  same  as  for  the 
brass  pipes,  or,  there  is  practically  the  same  n  and  <^  through  a  range 
of  575  diameters,  from  which  it  may  fairly  be  concluded  that  the  ex- 
ponent is  independent  of  the  diameter.  A  logical  conclusion  from 
which  is,  that,  for  the  purpose  of  finding  laws  experimentally,  a  small 
pipe  is  more  effective  than  a  large  one,  because  better  control  of  all 
the  details  can  be  had. 

The  Exponent,  n,  is  Independent  of  Viscosity. — The  h  of  Equation 
(36)  contains  the  viscosity  factor,  and,  reducing  all  the  experiments 
to  a  constant  temperature,  there  still  remain  variations  of  V^  and  <^. 
Experimentally,  this  statement  is  confirmed  as  follows: 

Fifteen  brass  pipes  experimented  with  by  Messrs.  Saph  and  Schoder 
(see  their  Table  ~No.  6)  gave  as  a  mean  average  value 

t,  70°  Fahr.  log.  fi  =  3.9877     n  =  1.7445 

t,  40°  Fahr.  log.  /x  =  2.1885     n  =  1.7438 

difference,  30°  Fahr.  log.  p.  =  0.2008     n  =  0.0007 

or,  a  difference  of  1.587  times  in  the  value  of  the  viscosity  coefficient 
<loos  not  practically  change  the  value  of  the  exponent.  Again,  if,  on 
a  logarithmic  diagram,  the  points  having  common  temperatures  and 
<lifferent  velocities  be  connected,  a  series  of  parallel  lines  results.  All 
of  which  shows  that  the  viscosity  factor  is  only  a  coefficient  the  ex- 
r)onent  of  which  changes  as  set  forth  in  Equation  (17).  The  above 
paragraph  is  quite  importaiit  in  respect  to  the  conclusions  of  the 
following  paragraph. 

Change  of  Exponent  from  a  Change  of  Fluid. — Experiments  made 
by  A.  M.  Hunt.*  M.  Am.  Soc.  C.  E.,  with  4-  and  6-in.  screwed  steel 

*  Journal  of  Electricity.  Power  and  Gas,  Jannary,  1905. 
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pipes,  usod  for  conveying  crude  oil  from  the  Coalinga,  Cal.,  oil  field, 
srave  for  the  values  of  n 

4-in.    pipe,    n    =    1.485 

t)-in.    pii)e,    /(     =   1.132 

Nothint:  was  said  about  tciupcrat  ure  or  viscosity.  A  hulletiu  issued 
by  the  California  State  Mining  P>ureau  gives  for  average  Coalinga 
crude  oil 

Viscosity,  t  15°  cent.,  3.09  times  greater  than  for  water. 
"  t  85°  cent..  1.17     "  "  

The  only  point  desired  to  be  brought  out  is  that  there  is  a  very  great 
change  in  the  exponent  due  to  a.  change  of  fluid.  For  water,  these 
pipes  would  have  had  exponents  of  about  1.85  to  1.90.  Assuming  that 
the  viscosity  is  three  or  four  times  greater  than  that  for  watei*,  com- 
]^are  it  with  the  more  accurate  data  of  Messrs.  Saph  and  Schoder, 
where  a  diiference  of  log.  fi  =^  0.2(X)8  gave  a  difference  of  only  0.0007 
in  the  value  of  /;.  Accepting  Mr.  Hunt's  data  as  substantially  cor- 
rect, some  other  explanation  than  that  of  greater  viscosity  must  be 
had  for  such  large  changes  in  the  exponent.  One  possible  explanation 
is  that  it  is  due  to  some  other  property  of  the  fluid  molecule  than 
viscosity,  such  as  atomic  weight,  molecular  diameter,  mean  free  path, 
form  of  molecule,  etc.  As  the  atomic  weight  for  oil  is  greater  than 
for  water,  it  appears  that  this  property  must  operate  to  reduce  the 
exponent.  Provisionally,  it  will  be  called  (a  t)  and  as  such  will  appear 
among  the  probable  factors  of  the  exponent,  »,  as,  (a  ^)~^.  the  exponent 
—  2,  being  introduced,  as  it  is  at  present  unknown.  Direct  experi- 
ment with  (lifFenMit  tluids  would  probably  give  a  constant  for  each 
fluid  of  the  form,  const.  ~'. 

Possihle  Change  of  Exponcnf  hy  licrcrsal  of  Flow. — This  matter 
is  somewhat  uncertain,  because,  as  previously  stated,  of  the  time  that 
elapsed  between  experiments  where  there  might  have  been  progressive 
i'hanges  of  the  surface  conditions,  but,  on  the  whole,  the  evidence 
jioints  to  such  a  change.  It  is  conceivable  that,  in  the  process  of  manu- 
facture of  a  pijje.  the  surface  inequalities  might  have  a  greater  average 
slope  in  one  direction  than  another,  or,  this  combined  with  the  pattern 
arrangement  might,  on  a  reversal  of  the  direction  of  flow,  cause  small 
changes  in  V,,  and  <^.  hence  there  would  be  changes  in  the  exponent. 
At  present,  the  information   on   this  i)oiiit  does  not  warrant  any  fur- 
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thcr  notice  than  a  general  caution  to  future  experimenters  to  consider 
the  matter. 

The  Roughness  Factor. — The  inner  surfaces  of  seamless  brass  tub- 
ing (which  to  the  eye  were  quite  smooth),  when  examined  under  a 
microscope  having  a  power  of  60  diameters,  showed  a  .surface  whicli 
appeared  to  be  covered  with  small  wart-like  masses  separated  by  dark 
lines.  No  idea  of  their  height  was  gained.  The  diameters  varied  from 
0.002  to  0.004  cm.,  with  an  average  of  about  0.0035  cm.  Galvanized 
pipes  were  more  irregular.  A  pipe  1  in.  in  diameter  had  one  side  of 
about  the  same  degree  of  roughness  as  that  of  the  iron  from  which 
the  zinc  had  been  stripped.  The  other  side  was  far  rougher,  and 
was  quit^  drossy;  elongated  tears  of  zinc  showed  that  this  was  prob- 
ably the  bottom  side  while  draining.  The  average  diameter  of  the 
roughnesses  was  from  0.01  to  0.02  cm.,  averaged  at  0.016  cm.  A  A-in. 
galvanized  pipe  was  quite  smooth,  and  nearly  comparable  to  the  brass 
pipes.  A  g-in.  galvanized  pipe  was  found  to  be  rough  and  angular, 
with  a  quite  different  grouinng  from  the  others.  The  average  diameter 
was  about  0.01  to  0.02  cm.,  and  it  wa.s  apparent  that  the  rugosities 
were  of  greater  height.  It  was  the  writers  impression,  from  this  cur- 
sory examination,  that  l)y  using  photo-micrographs  (or  other'  suitable 
methods),  the  differences  noted  could  be  expressed  in  definite  terms, 
and  perhaps  correlated  with  the  exponent.  It  was  made  quite  clear 
that  there  are  minute  differences  which  affect  the  exponent  and  co- 
efficient, (f),  and  are  not  visible  to  the  unaided  eye. 

On  a  Definitioa  of  a  Roughness. — At  present,  the  only  means  of  ex- 
pressing the  degree  of  roughness  its  adjectival.  In  default  of  exact 
knowledge,  the  terms,  rough,  rougher,  etc.,  are  used,  when  what  is 
really  required  is  a  definite  numerical  value,  as  an  essential  to  any 
further  advance.  The  foregoing  examination  seems  to  indicate  that 
there  is  a  possibility  of  obtaining  a  numerical  definition  by  noting  the 
average  nvmiber  of  rugosities  per  \mit  surface,  their  mean  height, 
and  general  cross-section.  In  addition  to  these  general  features,  it  is 
probable  that  the  pattern  arrangement  might  be  such  as  to  influence 
the  stream-line  motion  of  the  fluid. 

Broadly  stated,  a  numerical  definition  would  consist  of  the  average 
departure  from  a  perfect  surface,  combined  with  complete  knowledge 
of  the  form  and  arrangement  of  an  average  departure,  which  in  turn 
suggests  the  following  as  measurable  quantitic'^: 
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A'.,,  the  iiuinht'r  ot'  ri;,i;i>.sit  ics  per  unit  suifacc. 
/;.  tlu'  avcraize  hoifiht  of  the  ruiiosity. 

It  is  possible  that  this  might  be  sutHcient  for  pnuitical  purposes, 
but  for  seientitio  purposes,  a  furtlier  classification  might  be  requited, 
such  as. 

B.  an  average  angle  of  one  rugosity  witli  the  I'ipe  axis. 
A.   an   average  angle  of   rugosity  to  rugosity   referred    to  the  pipe 
axis  (pattern  arrangement). 

The  two  latter  factors  would  certaiidy  be  required  if  there  should 
be  found  that  the  'succeeding  paragrajih  is  a  necessary  factor  of  flow. 

General  Eemarls  on  T}irhulent  Flovj. — Exploration  by  Pitot  tubes 
of  the  velocities  over  the  ai'ea  of  a  pipe  in  turbulent  flow  shows  that 
the  velocity  near  the  wall  is  about  one-half  of  that  at  the  center  of 
the  [Hpe,  and  the  mean  velocity  is  about  0.6S  of  the  radius  from  the 
center,  the  central  and  wall  velocities  being  joined  by  a  parabolic 
or  elliptical  curve.  This  statement,  taken  singly,  implies  that  the 
central  part  of  the  fluid  tends  to  run  away  from  the  fluid  nearer  the 
wall,  or  a  state  of  non-diffusion  must  exist.  Opposed  to  this  view 
are  the  actual  experiments  of  Benzenberg,  Campbell,  and  others,  where 
dye,  bran,  etc.,  have  been  used  to  measure  the  mean  velocity,  the  un- 
derlying principle  being,  that  there  is  such  diftusion,  accompanied  by 
translation,  and  that  after  a  long  run,  the  marking  material  may  still 
be  considered  as  a  fairly  compact  body,  which  serves  as  an  accurate 
measure  of  the  mean  velocity.  Such  experiments  taken  singly  show 
an  active  circulation  acros.s  tlie  pipe,  in  some  manner,  by  which  the 
marking  substance  diffuses  transversely,  but  not  longitudinally. 

The  experiments  of  Reynolds  show  that  the  beginning  of  turbulent 
motion  is  a  spiral  flow  of  the  marking  substance.  From  all  three  state- 
ments it  is  probable  that  the  fluid  motion  is  checked  at  the  wall,  dif- 
fuses toward  the  center,  and  then  returns  toward  the  wall;  at  the 
.-ame  time  it  is  subject  to  longitudinal  translation.  Hence  it  is  not 
iniprol>:it>le  tliar  tlie  mean  motion  is  at  the  same  time  spiral;  or,  all 
fluid  molecules  tend  to  rotation  about  the  pipe  axis.  Hence  it  follows 
tliat  Pitot  tube  measurenients  must  be  those  of  one  component  of 
tlie  mean  motion,  the  actual  velocity  of  the  moving  fluid  being  greater 
and   generally   at    an    angle   with    the  i)ipe  axis.      It    thus   appears   tliat 
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the  actual   motion   or  average  velocity   of   a  point   may   be   something 
(luite  different  from  the  mean  flow  or  resultant  of  all  the  points. 

There  is  a.  marked  difference  betvpeen  the  stream-line  motion  of  a 
solid  moving  in  a  fluid  and  that  of  a  fluid  moving  in  a  pipe,  and  it 
should  be  expected  that  the  nature  of  the  stream  function  should  be 
different.  For  the  case  of  turbulent  motion  (or  exponents  of  resist- 
ance greater  than  one),  the  maximum  disturbance  of  the  fluid  mole- 
cule nmst  be  near  the  moving  solid  and  due  to  viscosity;  this  motion 
is  damped  and  completely  dies  away  at  some  distance  normal  to 
the  axis  of  motion.  In  the  case  of  turbulent  flow  in  a  pipe,  there 
is  no  such  damping  action.  All  the  molecules  are  disturbed  in  vary- 
ing degree  over  the  entire  area  of  the  pipe  section. 

If  the  foregoing  assumption  of  a  mean  spiral  path  of  a  particle 
be  correct,  then  the  mean  motion  is  periodic,  and  a  given  particle 
would  tend  to  reappear  more  or  less  in  the  same  place  measured  around 
the  pipe,  the  recurring  points  separated  along  the  pipe  axis  by  a  period 
of  one  complete  rotation.  One  particle,  hoAvever,  must  react  on  the 
next  nearest  to  it.  and,  in  the  supposed  case  of  general  spiral  motion, 
it  is  not  improbable  that  there  might  be  superposed  on  the  general 
spiral  path  an  oscillatory  motion,  also  periodic  in  its  nature,  the  latter 
motion  probably  corresponding  to  a  dissipation  of  energy  function  and 
the  former  to  a  stream-line  function. 

At  present,  nothing  is  known  of  the  actual  motion  in  a  pipe,  and 
the  foregoing  paragraph  is  only  suggestive  of  a  factor  that  may  re- 
quire estimation  for  the  complete  development  of  Equations  (32)  to 
(36).  For  the  actual  inquiry,  it  seems  that  by  the  use  of  a  glass 
pipe  carrying  fluid  charged  with  opaque  particles  of  about  the  same 
density,  and  the  use  of  a  camera  traveling  at  the  mean  velocity,  it 
would  be  possible  to  record  accurately  and  trace  out  the  path  of  one 
or  more  opaque  particles. 

Recapitidation. — The  initial  stage  of  flow  has  1  for  exponent,  a.nd 
il  suddenly  becomes  n,  hence  the  problem  is  to  find  the  cause  of  the 
addition  of  («  —  1).  Collecting  from  the  preceding  discussion  the 
possible  factors  of  (/(  —  1),  there  is  found  in  the  order  given,  the 
following  li.st  of  i)n)bable  factors  of  (n  —  1)  : 

(1,  magnitude,  ranges  from  .^  to  1 ; 

}>,  roughness.   «^   increases   with   the   roughness; 

c,  critical  velocity,  V^,  dependent  on  a  definite  velocity; 
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(?,  ciiange  of  tluitl   (a/"');  profoumlly  chan^'i'S  (/( —  1); 

e,  possible  fhaiiye  by  rovorsal  of  direction  of  flow; 

/,  possible  cbange  due  to  stream  and  dissipation  function. 

Some  additional  remarks  on  some  of  tbose  six  fa<'tors  are  in  order. 

a. — Assumin,ii-  Equation  (2(i)  to  be  correct,  if  it  is  apiilied  to  data 
where  /)  is  {greater  than  2,  there  results  improbable  values  for  <^.  For 
♦'xample.  in  Table  4.  the  22-in.  wood  stave  pipe  has  n  =  2.215  and  (f> 
=  0.013;  also,  the  Ilolyoke  conduit.  103.8S  in.,  n  ==  2.08  ffives 
<f>  =  0.0129.  jTidp-infr  by  the  remainder  of  the  pipes,  where  n  is  from 
1.74  to  1.95,  these  values  of  <f>  are  probably  about  one-fourth  to  one- 
fifth  of  the  real  value.  In  jreneral,  both  n  and  <^  increase  simultane- 
ously. Here  there  is  a  decrease  in  <^  with  a  great  increase  in  n.  For 
this  reason,  as  well  as  that  all  the  more  exact  experiments  of  Messrs. 
Saph  and  Schoder  show  values  of  n  less  than  2,  it  is  believed  that 
Statement  a,  is  correct.  It  should  be  remembered  that  on  the  cor- 
rectness of  the  statement  (n  —  1)  is  0  to  1  depends  the  nature  of 
the  function  connecting:  the  variables  (yi  —  1).  <^  F,,. 

/). — This  statement  is  in  accord  with  jreneral  experience.  The  micro- 
scope measures  of  rugosity  previously  cited  are  also  confinnatory. 
Although  no  great  accuracy  is  claimed  for  such  measurements,  it  will 
here  be  a.ssumed  that  the  following  approximate  relations  exist,  or 
sufficiently  so  for  a  comparison : 

Seamless  brass  pijie,  diameter  of  a  rugosity  0.0035  cm.,  n  =^  1.75, 
u  =  0.975. 

Galvnnized  pii>e,  diameter  of  a  rugiisity  0.01 1  cm.,  n  ^  1.92,  u  =  1.59. 

Where  (»  —  1)  =  tan./(  u.  and  taking  logs., 

log.  diameter  3.544     log.  u  1.989 
2.1 40       ''    "  0.201 


difference        0.602  0.212 

From  which  there  is  sufficiently  exact 

f).5   (diameter  of  rui^osity)^  =  » (41) 

or    *^  =  u (42) 

where  A'   denotes   the  number  of   rugosities   per  S(iuare   centimeter.      It 
is  not  affirmed   that   E(juations    (41)    and    (42)    are  correct.     They  are 
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only  SLiggcstivt'  of  some  relation  between  the  diameter  of  a  rugosity 
and   (n  —  1),  which  by  Equation  (42)   would  be 

tan./i  f~'l^  =  ("  —  1 ) (43) 

in  whit'li  the  0.5  probably  is  a  function  of  (n  —  1),  \\^.  and  the  mean 
height  of  a  rugosity. 

c. — As  the  critical  points  on  a  logarithmic  diagram  seem  to  be 
connected  by  straight  lines,  this  seems  sufficient  to  justify  the  state- 
ment that  such  lines  are  not  asymptotes,  but  rather  point  to  a  condi- 
tion of  unstable  equilibrium,  which  is  the  cause  of  the  sudden  change 
from  one  stage  to  another.  Additional  experimental  work  about  the 
actual  V,.  points  is  needed  to  clear  up  the  present  uncertainties  as  to 
the  precise  cause  of  the  change.  Such  work  is  also  required  to  choose 
the  proper  form  of  function  to  connect  the  variables.  The  experiments 
indicate  that  F^  and  V^  are  inverse  functions  of  the  absolute  rough- 
ness. Concerning  the  suddenness  of  the  change  of  stage,  such  a 
change  may  be  considered  as  the  integration  of  all  the  separate  re- 
sistances caused  by  an  average  rugosity,  and  it  seems  probable  that 
the  more  regular  the  surface  the  more  sudden  the  change.  Great 
irregularity  might  tend  to  changes  before  and  after  the  T,,  or  V^. 
point,  with  the  result  of  a  slight  curvature  connecting  the  branches; 
hence,  experiments  with  burnished  pipes  are  desirable  to  test  this  view 
and  at  the  same  time  find  some  minimum  value  of  n. 

d. — Experiments  with  different  fluids,  especially  with  those  having 
molecular  constants  which  are  best  known,  offer  the  opportunity  to 
vary  thq  exponent  while  using  a  given  surface,  which  would  doubt- 
less throw  much  light  on  the  problem.  'Conversely,  the  method  would 
be  applicable  in  chemical  physics  to  clear  up  doubtful  points  as  to 
molecular  properties. 

e. — ^This  may  be  viewed  as  a  special  case  of  h  where  the  arrangement 
of  the  rugosities  differs  for  direct  and  reverse  motion. 

/. — From  a  study  of  the  relations  of  (n  —  1),  F^,  and  <^,  it  seems 
l)robable  that  some  additional  function  is  present  and  that  ^  of  Equa- 
tion (26)  is  not  strictly  a  roughness  function  but  probably  is  of  com- 
pound nature,  hence  the  introduction  of  the  streajn  function  and  dis- 
si])ation  function  as  possible  factors.  Such  factors  would  certainly 
be  functions  of  the  roughness. 
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Sumniar//. — The  foregoing'  shows  that  there  is  one  primary  factor. 
the  roughness,  with  T'^,^  V^.,  and  {n  —  1),  dependent  functions,  and 
probably  the  stream  and  dissipation  functions  also  dependent  func- 
tions. Hence,  the  solution  of  the  problem  resolves,  as  a  first  step, 
into  the  formulation  or  definition  of  a  roug'hness,  and  the  assignment 
of  a  numerical  value  therefor. 

Assuming  temporarily,  that  (f>  is  such  numerical  value  of  the  rough- 
ness factor,  and  make  A  a  stream-line  factor,  it  appears  probable  that 
the  problem  would  be  about  as  follows : 

u  =  a  0  Vg  X  (a  t)-' (44) 

and 

tan./;  u=  (n  —  1) (45) 

For  water,  the  term.  (at)~^,  would  be  constant,  and  could  be  dropped 
by  giving  a  new  value  to  a.  The  experimental  work  required  to  find 
the  value  of  cf>  would  simultaneously  give  F^  and  (n  —  1).  A,  if  re- 
quired, woidd  probably  have  to  be  deduced  by  mathematical  methods, 
as  it  is  undoubtedly  dependent  on  <^  and   T',,. 

Suggested  Experiments. — ^Among  the  prime  requisites  for  the  final 
solution  of  the  values  of  (n  —  1).  T',,.  and  (f»,  might  be  named: 

The  use  of  clean  or  filtered  and  sterilized  fluid.     This  would  pre- 
vent changes  of  the  surf  ace, condition  and  give  a  higher  degree 
of  accuracy  to  the  constants  thus  found.     Experiments  could 
be   repeated   with   considerable  time   interval   if  found   neces- 
sary, with  the  certainty  that  the  surface  is  unchanged. 
Jacketing  the  pipe  to  avoid  temperature  changes. 
The  use  of  small  pipes  of  at  least  two  different  diameters. 
The  use  of  burnished  pipes,  where  the  utmost  degree  of  smooth- 
ness would  be  attained. 
The  use  of  threaded  pipe,  lead  pipes,  for  example,  having  screwed 
.surfaces.      This   would    ensure   a    uniform   condition    of    wall 
surface.     The  threads  could  be  varied  to  any  extent  in  pitch 
and    cross-section    of    thread,    and    could    have    the    thread    of 
unequal    section    for   direct    and    reverse    flow.      This    method 
admits  of  great  variations,   is  easily  carried   out,   and   would 
directly  relate  a  given  surface  to  the  sought  variables  by  means 
of  exactly  known  surface  conditions.     By  the  change  of  fluid 
in  the  pipes  mentioned,  new-  values  would  be  found  for  the 
variables. 
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By  the  use  of  photo-micrographs  of  actual  surfaces,  combined 
with  such  other  measurements  as  might  be  practicable.  It  is 
probable  that  some  definite  numerical  coefficient  could  be 
assigned  to  such  surface. 

After  such  work,  would  follow  appropriate  mathematical  treatment 
of  the  acquired  data,  which,  if  not  leading  directly  to  the  solution 
of  the  {)roblem,  would  indicate  the  nature  of  any  required  additional 
experiments. 

The  writer  is  aware  that  the  belief  is  held  by  some  that  it  is 
doubtful  if  a.ny  better  methods  than  those  now  used  will  ever  be  found, 
because  of  the  manifold  variations  of  the  surface  condition.  From 
this  belief  the  wTiter  vigorously  dissents.  The  present  degree  of  knowl- 
edge of  such  surfaces  is  practically  zero.  When  all  the  factors  of 
the  surface  condition  are  studied  and  classified,  a  new  world  of  in- 
formation will  be  available,  and  thus  narrow  do\ATi  the  range  of  ex- 
ponent and  coefficient,  if  not  to  exactness,  at  least  sufficiently  close- 
for  practical  use. 

With  these  suggestions,  the  writer  submits  the  paper,  to  hydrauli- 
cians  and  those  interested  in  the  .subject,  for  criticism  and  discussion, 
and  trusts  that  some  of  the  hydraulic  laboratories  will  take  up  the  re- 
maining work  outlined  herein,  and  find  a  complete  solution  of  the 
problem. 
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A   STUDY   OF   ECONOMIC   CONDCIT    T.()(\\TION/ 


By  C.  E.  HicivOK,  Assoc.  iM.  A.m.  Soc.  C.  E. 


riic  paper  (Mititled  ''Economic  Canal  Location  in  Uniform  Coun- 
tries,"f  by  Lyman  E.  Bishop,  Assoc.  M.  Am.  Soc.  C  E.,  contains  a  series 
of  interesting  and  useful  diagrams,  by  the  use  of  which  the  locating 
engineer  can  quickly  determine  the  economic  center  line  cut  for  any 
particular  canal  section  for  any  slope  of  ground.  However,  every 
conduit,  uidcss  it  is  in  a  country  of  uniform  topography,  must  change 
at  certain  points  from  one  type  of  construction  to  another,  in  order 
to  \)c  built  economically  and  safely.  It  is  rarely  that  a  conduit  of  any 
•considerable  length  can  consist  entirely  of  canal  section,  but  rather 
it  must  change  to  flumes,  siphons,  pipes,  bridge  flumes,  or  tunnels,  as 
the  conditions  demand.  The  points  of  change  are  determined,  not  only 
by  the  slope  of  the  ground,  the  nature  of  the  material  encountered,  and 
■certain  local  conditions,  but  by  economic  considerations  as  well. 

In  making  conduit  locations,  from  time  to  time,  the  writer  has 
evolved  a  diagram,  giving  the  eciuivalcnt  lengths,  from  an  economic 
stand{)oint.  of  various  types  of  conduit,  which  iuis  been  of  considerable 
value.  For  instance,  when  the  locator  comes  to  a  point  where  he  must 
<lecide  whether  to  tunnel  through  a  ridge  or  follow  the  grade  around 
with  a  canal,  lie  measures  the  length  of  the  two  possil)lc  mutes,  and, 
by  an  inspection  of  the  diagram,  comes  to  a  ready  decision.  This  not 
only  eliminates  considerable  loss  of  time,  but,  if  the  diagram  has  l)een 
properly  constructed,  assures  a  proper  and  complete  comparison  between 


*This  paper  will  not  be  presented  at  any  meeting,  but  written  communications 
ou  the  subject  are  invited  for  subsequent  publication  in  Proceedinija,  and  with  the 
paper  in   Transactions. 

+ Transact  ions.  Am.  Soi-.  C.  K.,  Vol.  I. XXIV,  p.  179. 
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the  two  alternatives  as  to  first  cost,  depreciation,  head-loss  values,  evapo- 
ratioii  and  seepage  loss  values,  interest,  taxes,  inspection,  and  repairs. 

For  piiri)oses  of  illustration  assume  a  case  where  the  project  under- 
consideration  is  to  be  used  for  irrigation  and  hydro-electric  puqwses, 
and  where  the  conduit  has  a  capacity  of  44.6  cu.  ft.  per  sec.  and  a 
slope  of  one-tenth  of  1  per  cent.  Four  types  of  conduit  are  shown  in,' 
Fig.  1. 


TYPES  OF  CONDUITS 

I       l"x4"x9'6"J7"C.  toC. 


CONCRETE   FLUME 


TUNNEL 


It  is  obvious  that  for  each  foot  saved  in  length  of  conduit  there  is 
a  saving  in  head  loss,  as  well  as  in  evaporation  and  seepage  losses.  The 
value  of  this  saving  is  ascertained  in  the  following  way,  taking  1  000 
ft.  of  conduit,  for  convenience  in  calculating: 
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Hrad  Lo.^.s-.— 1  000  ft.  of  conduit  (lissipat«>s  1  it.  licnd.  Witli  a  dis- 
cliargc  of  44. ti  ru.  ft.  per  sec,  and  77%  efficiency,  tlu'  horse-power  is 

1  X  U.6  X  «2.o  X  0.77        ,      ,  ^    ,  , 
=  :M»  h.p.  =  2.8  k\v., 

less     lOf'f      for     transnii.^sioii     and     transformer     losses     =     2.(51     k\v. 

at  $55 $148.50 

Evaporation  Loss — Power  Value. — Assuniinji:  an  evapora- 
tion, of  5  ft.  per  annum: 

8X1000X5.0 

— —  0.!)1.)  acTe-it.  i)er  vear 

43  560  ^       ■ 

=  0.0025  acre-ft.  per  24  hours  =  0.00125  eu.  ft.  per  sec. 
with  a  head  of  1  500  ft.. 

0.00125X1500X62.5X0.77       ,,.,,  ,  .,  , 

=  0.102  h.j).  =  O.l-Jl  kw.. 

550  ' 

less  105"r  for  transmission  and  transformer  losses  =  0.109  kw. 

at  $55 $6.00 

Seepage  Loss — Power  Value. — From  tests  made  by 
Elwood  Alead,  M.  Am.  Soc.  C.  E.,  and  B.  A.  Etcheverry. 
Assoc.  M.  Am.  Soc.  C.  E.,  at  the  University  of  California, 
the  writer  concludes  that  the  rate  of  percolation  throujili  a 
;5-in.  canal  lining-  under  a  head  of  3.5  ft.  is  about  0.004;) 
ft.  per  hour,  or  0.103  ft.  per  24  liours. 

8X  1000X0.108       ^^     ,  ,  . 

—  O.OISS  acre-it.  per  24  lionrs 

43  560  ^ 

=  0.0004  cu.  ft.  per  soc. 

0 .  0004  X  1  500  X  (52 .5X0.77        ,    ^.,  ,  ,^  , , ,  , 

=  1.28  li.t).  =  0.1*2  KW. 

550 

less  10%  =  0.828  kw., 

0.828  kw.  at  $55 $45.54 

Tittal   annual   power  loss $195.04 

Capitalized   at    10% $1  J>50.40 

or  per  foot l.d.) 

Evaporation  Loss — Irrigation  Value. — 0.0025  acn-ft.  in  24  hours 
(from  the  foregoing)  =  0.00125  cu.  ft.  per  sec.  —  t>.iM;_'.".  n)iner"s  inch. 
Assume  25%  loss  before  delivery  to  consumer: 
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$6.86 


0.047  miner's  inch  at  $0.40  per  miner's  inch  per  day  =  per 
annum   

Seepage  Loss — Irrigation  Value. — 0.0188  acre-ft.  per  24 
hours  (from  the  foregoing)  =  0.0094  cu.  ft.  per  sec.  =  0.47 
miner's  inch,  less  25%  loss  =  0.353  miner's  inch  at  $0.40  per 
miner's  inch  per  day  ;=  per  annum 51.64 


Total  annual  irrigation  loss $58.50 

Capitalized  at  10% 585.00 

or  per  foot 0.585 


Resume. — 

Power  loss  per  foot $1.95 

Irrigation  loss  per  foot.  .        0.585 


Total  loss  per  foot $2,535 


The  first  cost  and  the  annual  charges  of  each  type  of  conduit  are  next 
computed.  The  annual  charges  are  taken  as  consisting  of  the  following- 
items:  interest,  depreciation,  taxes,  inspection,  and  repairs.  The  annual 
charges  of  each  conduit  are  capitalized  at  10%  and  added  to  its  first 
cost,  which  gives  a  figure  having  a  real  comparative  value.  For  instance, 
we  obtain  the  comparison  between  a  lined  canal  and  a  concrete-lined 
tunnel  as  follows : 

CoNCHKTE-LlNED    CaNAL  : 

F'u'st  Cost— Per  Foo/.— Excavation,  2  cu.  yd.  at  $0.36.  $0.72 
Concrete,  4.25  cu.  ft.  at  $10.20 

per  cu.  yd 1.57 

$2.29 

A  H« ual  Charge.— Interest  at  10% $0.23 

Depreciation  at  2% 0.046 

Taxes    ."    0.019 

Inspection    0.01 

Repairs 0.02 

$0,325 
At  10%   3.25 

$5.54 
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Excavation,  2.25  cu.  yd.  at  .$').,■;() $12.40 

Concrete  and  tonus 4.10 

$10.50 

.1  iiniial  Charge. —  Interest  at  10% $1.(;5 

Depreciation  at  1% 0.1(i5 

Taxes  o.i:57 

Inspection    o.oi 

Kopnirs 0.02 

$1,982 

At   lO^r 1!'.82 


$36.32 


It  is  evident,  if  we  shorten  the  eoiuhiit  hy  huildiuiti'  the  tunnel,  that 
tile  first  cost  and  the  eajutalized  annual  cost  of  the  tininel  can  exceed 
the  first  cost  and  the  capitalized  annual  cost  of  the  canal  hy  an  amount 
(•([ual  to  the  length  of  conduit  saved  multiplied  hy  the  loss  value  per 
foot  of  coiuluit.     This  is  shown  by  the  e<piation: 

Y  (C,  4-  A,)  =  X  (C,  +  A,)  +  {X  -  y)  V 
where  X   =  linear  feet  of  canal, 

Y  =  linear  feet  of  tunnel, 

Cj  =  estimated  cost  per  foot  of  canal, 

Af  =  estimated   annual   chars'es   per   foot   of  canal   capitalized 

at  10%, 
Cy  =  estimated  cost  per  foot  of  tunnel, 

Afi  ^estimated  aiinunl  charg-es  piM-  foot  of  tuiuicd   capitalized 
at  10%, 
juid      V   =  value  of  losses  per  foot  of  conduit. 
In  the  case  of  a  tunnel,  the  evaporation  will  he  considerably  lessened. 
thereby   effecting    an    additional   saving.      If    entirely   elimiimted,    this 
saving:  woidd  amount  to  12.8  cents  per  ft.,  as  shown  above.     This  was 
reduced   to   10  cents  and   the  first   cost   of  tunnel  credited   witli   that 
amount.      Inserting-  the  proper  values  in  tli(>  e(puiti<in: 

Y  (1(5.40  +  19.82)  =-  X  (2.29  +  3.25)  +  (x  —  .;/)  2.53 

Y  =  0.208  X,  the  ecpuition  of  a  straight  line. 
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In  the  ?ame  way,  any  two  types  of  conduit  can  be  compared  ?Hid 
tlie  resulting  straight-line  equation  obtained.  The  diagram.  Fig.  2, 
which  is  self-explanatory,  shows  the  results. 


GENERAL  FORMULA 

Cy=  Estimated  cost  per  foot  of  conduit  above  line 

A^  Eetiinated  annual  expense  p^er.  foot  of  conduit 

above  line  capitalized  at  10 /r 
Cx~  Estimated  cost  per  foot  of  oooduit  below  line 

j^^EetimaAed  annual  expense  per  foot  of  conduit 
below  line  capitalized  at  lU,> 

T' -  Estimated  value  of  one  foot  of  oanal  for  power 
and  irrigation  purposes  =v'-.a3 

Tunnel  is  credited  with  10  cmtB  per  foot  for 
saving  in  evaporation. 


VALUES  USED 

Tunnel 

CoDcrete-Uned  ca 
Concrete  Flume 

nal 

Original 

per  foot 

810.50 

2.30 

4.23 

.Annual 
expenses 
per  foot 

$1.08 
0.325 
0.679 

48  Steel  siphon 
100  head 

5.88 

0.961 

■18  Steel  siphon 
iOo'head 

T.40 

1.211 

48"steel  siphon 
300'  head 

10.04 

1.714 

Steel  Flume 

5,58 

0.887 

Steel  sipbc 
per  foot  for 
seepage. 

saving 

credited  with  fl.IO 
in  evaporation  and 

,tf  =.745X 

.138  X 
.43  X 


.326  X 
.276  a; 


1000   '.iUOU   3U0U   4000    iiOOO   GOOO    lOOO   kUOU   'JOOO   10000   11000   l^iOOO 

Feet 


In  the  case  where  a  siphon  crossing-  a  gulch  is  compared  with  a  canal 
or  flvime  passing  around  the  head  of  the  gulch,  the  cost  of  the  siplion 
is  credited  with  the  saving  in  evaporation  and  seepage  throughout  its 
length,  which  in  this  case  amounts  to  $1.10  per  ft. 

The  writer  realizes  that  such  a  diagram  cannot  be  relied  on  entirely 
in  the  location  of  a  conduit,  for  there  are  local  conditions  on  every 
piece  of  work  which  must  be  taken  into  account. 
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niYt^ICAL    VALIATIOX    OF    RAILROADS. 

Discussion.* 


By  ^Fessrs.  Sti:vI':n.son  Taylor  and  William  .1.  \ViL(;i;s.i 


Stkvknsox  Taylor,  Esq.  (by  letter). — The  general  principle.*  in-  Mr. 
volved  in  covering  methods  ot"  determining  vahiations  of  railroads. 
witli  the  attendant  matters  of  bookkeeping,  establishment  of  costs, 
and  the  important  subject  of  depreciation,  have  been  considered  by 
the  author  with  admirable  thoroughness,  and  the  writer  lias  no  good 
reason  for  differing  from  his  conchisions. 

If  we  liope  to  encourag:e  '*men  fitted  by  experience,  accjuaintance- 
sbip.  resourcefulness,  courage,  and  tact,"  as  well  as  investors  large 
and  small,  so  that  the  building,  extension,  and  upkeep  of  railroads 
may  proceed  further  to  advance  the  interests  of  the  whole  country, 
we  must  deal  justly  with  this  broad  (]uestion  of  i)ublic  utility  and  with 
those  who  are  and  who  may  become  directly  interested  therein. 

The  author  has  pointed  the  way.  There  may  be  differences  as  to 
minor  details,  but  his  paper  covers  the  subject  in  a  masterly  manjier 
:in<l  with  fairness  and  justice  to  all  concerned,  iiududing  the  geu(M-al 
public. 

Wii.i.iwi    .1.   Wii.ors.  M.    Am.    Soc.    C.    K.    (by   letter).— The   writer     Mr. 

W  ilErus, 

has  a  deei)  sense  of  obligation  to  those  who  have  kindl.v  participated 
in  the  discussion  of  his  paper,  as  many  of  his  own  ideas  haw  been 
clarified  by  the  additional  light  that  thereby  has  been  cast  on  the 
subject.  Mr.  Crehore  has  generously  credited  him  with  an  absence 
of  desire  "to  complicate  valuation  work,  and  to  seek  out  every  possible 
pretext  for  making  the  assets,  both  tangible  and  intangible, '  look  as 
big  as  possible";  and  to  this  the  writer  feels  that  he  may  conscien- 
tiously reply  that,  in  preparing  this  paper,  he  has  had  absolutely  no 

•  Continued  from  November.  1913.  Proceedings, 
i  .Author's  closure. 
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Mr.  other  purpose  in  mind  than  an  attempt  to  place  his  own  views  where 
'  ^"^'  they  may  be  freely  criticized  by  his  fellow  members  and  others,  all 
in  the  interest  of  straight  thinking. 

Unlike  Mr.  Crehore,  the  writer  does  not  believe  that  the  bona  fide. 
stockholder  as  a  class  "gets  something-  for  nothing,"  nor  that  the 
stockholder  is  an  "incumbrance."  The  fact  that  a  small  group  of 
financiers  may  have  al»used  the  confidence  and  trust  of  innumerable 
iimocent,  if  too  confiding,  investors  of  small  means,  seems  in  fair- 
ness to  be  no  reason  wliy  (Experienced  engineers  should  not  attempt 
to  formulate  principles  for  g-uiding  a  valuation  of  property  capitalized 
at  some  $20  000  000  000.  for  purposes  that  in  the  end  may  crystallize 
into  a  move  for  Goverinnent  ownership. 

Surely.  Mr.  Crehore  would  not  ask  that  the  subject  shall  be  ap- 
proached other  than  dispassionately  in  the  hope  that  correct  prin- 
ciples of  valuation  may  be  adduced,  and  that  the  facts  as  to  any  im- 
proper past  return  to  the  investor  throug'h  interest  and  dividends  and 
reinvested  income,  shall  be  then  studied  and  a  fair  decision  reached 
in  the  case  of  each  road.  Broad  generalizations  as  to  inordinate  profits 
to  investors  in  public  utilities  can  hardly  fail  to  do  an  injustice  to  a 
large  proportion  of  the  public  that  in  good  faith  has  invested  amounts. 
g:reat  and  small,  in  enterprises  from  which  the  entire  public  has  reaped 
the  enormous  benefits  referred  to  by  Mr.  Churchill. 

In  this  connection  it  will  be  well  to  bear  in  mind  that  an  approval 
of  the  theory  that  reinvested  surplus  and  increases  in  land  values  are 
to  be  viewed  as  additional  income  to  the  stockholder,  necessarily  carries 
with  it  the  proposition  that  such  additional  incouie  is  entitled  to  a 
return.  This  admitted,  the  accrued  re-investment-s  and  other  increases 
in  value  constitvite  a  sinking  fund,  made  up  of  equal  annual  pay- 
ments compounded  at  the  rate  of  interest  to  which  the  service  is 
entitled,  for  the  fidl  period  of  accumvilation.  For  instance,  an  increase 
in  60  years  of  $100  000  000  in  the  value  of  a  property,  due  to  the 
increments  mentioned,  is  equivalent  to  $187  572  annually,  compounde<l 
at  6  per  cent.  This  annual  sinn.  added  to  the  average  annual  dividends 
and  interest  actually  disbursed  in  a  given  time,  will  produce  the 
figure  that  should  be  taken  as  the  total  past  annual  return  to  the 
owners  of  the  property  in  both  cash  and  "kind".  The  point  that  the 
increment,  if  interpreted  as  income  in  an  analysis  of  past  results, 
is  entitled  to  a  return,  has  been  missed  by  many.  A  similar  error 
has  been  made  by  those  who  would  count  the  increment  as  an  addi- 
tional return  to  the  owner,  and  at  the  same  time  brand  it  as  a  depre- 
ciation reserve. 

Several,  notably  Mr.  Eaton,  have  expressed  reg-ret  that  the  broader 
social  i^roblems  of  the  day  have  not  been  touched  on  in  the  paper. 
The  writer  has  felt  that  the  subject  of  the  valuation  of  railroads  should 
be  treated  concretely,  with  a  definite  end  in  sight— the  logical  method 
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of  arriviiifi:  at  physical  values — and  that  I  he  inaiiiicr  in  which  the  Mr. 
result  should  be  ilsed  is  a  separate  iimttci-  for  iudcpciidcut  discussion. 
The  treatnu'ut  of  the  so-called  unearned  increment,  including'  dona- 
tions from  the  cdnHnunity  and  reinvested  surj)lus  out  of  questionably 
excessive  earninfis  of  earlier  years,  is  a  (piestion  on  which  few  as 
yet  agree,  and  until  the  views  of  the  majority  are  expressed  through 
legislation  that  will  nifect  all  kinds  of  i)roperty  alike,  it  does  not 
seem  equitable  that  oii(>  class  of  investment  should  now  be  selected 
for  retro-active  action.  The  correct  course  would  appear  to  lie  in 
making  an  api)raisal  that  will  stand  the  acid  test  of  analysis,  and 
then  from  a  study  of  the  past  condition  of  each  propert.v  make  such 
disposition  of  the  unearned  increment  as  will  be  in  consonance  with  a 
similar  attitude  toward  other  classes  of  property. 

Mr.  Gillette  speaks  of  the  sup])laiiting  of  the  competitive  theory 
of  railroad  ownership  with  the  agency  theory,  under  which  the  public 
utility  continues  to  be  financed  by  the  owner,  but  is  indirectly  man- 
aged by  the  Government  through  public  regulation.  The  writer  be- 
lieves that  this  dual  and  contradictory  relationship  can  be  but  tem- 
l)orary.  the  next  logical  step  being  nationalization.  The  enforceVnent, 
by  the  Interstate  Commerce  Commission  and  similar  bodies,  of  expendi- 
tures for  improvements  on  railroads  will  make  obligatory  the  raising 
of  new  money  by  the  owners  through  the  sale  of  bonds  or  other  form 
of  prior  obligations,  and  this  in  time  will  materially  reduce  or  wipe 
out  the  stockholder's  equity.  If  this  final  step  to  Government  owner- 
ship is  inevitable,  it  would  seem  better  for  the  stockholder  to  encourage 
the  transfer  while  he  still  has  something  to  sell,  that  is,  before  his 
equity  has  been  legally  confiscated. 

The  contributors  to  the  discussion  liy  no  means  agree  on  the  ])rin- 
ciple  that  should  be  adoiited  in  determining  physical  value.  Messrs. 
Churchill,  Crehore,  Gandolfo,  and  (iillette  see  the  practicability  of 
ascertaining  the  original  costs  from  the  books  or  the  amount  of  cash 
actually  invested,  while  Messrs.  Coombs,  Ilimiphreys,  Ingersoll,  Lavis, 
ifolitor,  Thomson,  and  Whinery  join  with  the  writer  in  considering 
this  course  to  be  generally  impracticable.  An  intimate  acquaintance 
with  the  records  of  many  corporations,  large  and  small,  has  dem- 
onstrated to  the  writer  that  the  obtaining  of  correct,  full,  original- 
costs-to-date  is  so  generally  impossible  that  the  use  of  that  method 
would  work  wnde  injustice.  .\o  doubt  there  are  some  instances  where 
book  costs  have  been  carefully  kept  so  as  accurately  to  reflect  every 
item  of  expense  chargeable  to  capital  account,  including  organization, 
legal  and  administration  expenses,  interest  during  construction,  and 
freight  on  construction  materials,  as  well  as  all  additions  and  better- 
numts,  with  their  pro]>er  burden  of  overhead  charges;  but  the  excep- 
tions are  so  numerous  that  the  use  of  a  substitute  method  would  be 
imperative,  with  the  residt  that  all  roads  would  not  be  treated  alike. 
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Mr.  An  objection  that  lias  been  raised  to  the  alternative  for  original- 

^"^®-  cost-to-date,  namely  cost-of -reproduction,  is  the  inclusion  therein  of 
the  increment  of  land  values.  Many  contend  that  railroads,  being 
public  utilities,  should  not  profit  by  the  increment  which  is  freely 
conceded  to  private  individuals  and  corporations  of  another  char- 
acter. The  justice  of  this  contention  is  not  apparent,  as  there  are 
no  laws  in  force  for  the  guidance  of  investors  in  public  irtilities, 
which  differentiate  on  this  point  between  the  two  classes  of  owner- 
ship, nor  is  such  contention  upheld  by  the  tax  authorities,  as  force- 
fully pointed  out  by  Mr.  Aldrich. 

That  any  other  than  the  reproductive  theory  will  produce  incon- 
sistent results  will  be  seen  in  the  following  case,  which  is  illustrative 
of  a  situation  that  is  very  common. 

Of  three  railroads  running  near  each  other  through  the  same  ter- 
ritory, Line  A  was  built  30  years  ago  and  has  partial  records  of 
original-cost-to-date,  Line  B  was  constructed  recently,  and  has  com- 
plete and  accurate  records  of  cost,  and  Line  C,  built  15  years  ago, 
has  no  records  of  cost  whatever.  If  the  original-cost-to-date  prin- 
ciple is  adopted,  the  recently-built  Line  B,  having  full  records,  will 
be  treated  equitably;  but  Line  A  will  suffer  through  incompleteness 
of  data  and  loss  of  the  increment  of  value  that  is  contained  in  the 
estimate  for  Line  B,  and  for  Line  C,  possessing  no  records,  the  esti- 
mate cannot  be  determined  by  the  adopted  principle,  and,  therefore, 
must  be  arrived  at  by  some  other  method  which  will  be  inconsistent 
with  that  used  for  the  rival  lines.  On  the  other  hand,  if  the  repro- 
ductive principle  is  adopted,  all  roads  will  he  treated  exactly  alike, 
and  the  older  lines  will  not  be  placed  at  a  disadvantage  in  compari- 
son with  the  last  built  road. 

Many  endorse  the  reproductive  method  in  theory,  but  in  practice 
propose  modifications  that  destroy  the  principle.  The  estimating  of 
the  cost  of  land  at  the  same  price  as  neighboring  property,  sometimes 
termed  the  basic  or  normal  price,  ignores  the  facts  set  forth  by  Messrs. 
Aldrich,  Howard,  and  Whinery,  that  land  for  railroad  purposes  ac- 
tually costs  in  excess  of  such  price,  and  that  the  exclusion  of  a  part 
or  all  of  the  overhead  costs  leaves  out  of  the  estimate  elements  which 
are  as  essential  to  the  creation  of  a  railroad  as  scaffolding  in  the 
building  of  structures.  The  omission  of  these  items  of  cost  is  not 
in  accord  with  either  the  original-cost-to-date  theory  or  the  repro- 
duction method.  Estimating  in  this  manner  has  not  the  merit  of 
following  clearly  any  theory  that  will  stand  analysis,  and  is  contrary 
to  the  experience  of  those  who  are  familiar  with  the  keeping  of 
book  costs  or  the  actual  building  of  railroads. 

It  has  been  said  that  reproductive  estimates  provide  for  "what  it 
will  cost  to  buy  again  land  that  will  never  be  bought  again,  to  du- 
plicate property   that  will   never  have  to  be  duplicated,   and   to  build 


l'a|icis.  I       DISCISSION    ON    I'lnslCAI,   NALUATION   01"    HAILKOADS        SlDo 

ui)   a    business   tliat   will   never   ayain    have    to   he   (hiveloped."      Is    not     Mr. 

.  vViiErus 

this  the  course  that  necessarily  \ms  to  be  followed  in  arriving  at  the 
value  of  any  going  concern,  the  earning  power  of  which  may  not 
be  used  as  the  measure  of  its  value?  The  appraiser  of  the  physical 
value  of  a  factory  would  base  his  estimates  on  a  duplication  of  the 
plant,  including  the  present-day  reproductive  value  of  its  lands,  struc- 
tures, and  cost  of  delevopnient.  What  would  be  necessary  in  a  simple 
instance  of  this  kiud  is  just  as  necessary  in  the  case  of  a  railroad. 

Referring  particularly  to  the  matter  of  lands,  and  using  the  pre- 
viously quoted  illustration.  Line  A  will  be  found  to  have  paid  for 
right  of  way  oO  years  ago,  say,  $600  per  acre,  and  the  modern  Line 
II  will  have  paid  for  land  of  precisely  the  same  character,  say,  $1  500 
per  aeic.  or  ihree  times  the  basic  value  of  neighboring  property  which 
ill  large  blocks  sells  at  an  average  of  $500  per  acre.  The  original- 
cost-to-date  principle  will  give  Line  A  $600  for  exactly  the  same 
kind  of  property  which,  in  the  case  of  Line  B,  will  be  valued  at 
$1500;  and  Line  C,  having  no  records,  will  have  its  land  valued 
by  some  differing  method.  The  basic  method  will  give  Line  A  $500 
for  that  which  cost  it  $600  30  years  ago,  Line  B  will  be  credited  with 
$500  for  that  which  cost  it  $1  500,  and,  again,  will  Line  C  require 
some  alien  treatment.  The  reproductive  method  would  give  all  three 
roads  the  same  price  for  the  same  character  of  land,  would  work  no 
injustice  by  confiscation,  and  would  give  to  the  two  older  lines  the 
same  values  that  are  embodied  in  the  cost  of  the  new  rival. 

In  the  Minnesota  Rate  Case,  the  United  States  Supreme  Court 
ruled  in  favor  of  the  basic-price  method,  but  the  comments  of  the 
Court  on  the  testimony  of  the  chief  witness  on  land  values  give  hope 
that  a  new  presentation  of  the  subject  will  lead  to  a  future  modifica- 
tion  in  this  regard. 

Many  instances  may  be  cited  where  railroads  in  recent  years, 
under  Court  decrees  in  condemnation  cases  as  well  as  by  private 
purchase,  have  paid  several  times  the  amounts  that  would  result 
from  the  use  of  the  basic  or  neighboring-value  method;  and  it  is 
evident  that  the  use  of  the  method  prescribed  in  the  ^linnesota  Rate 
Case  would  work  confiscation  to  many  roads  and  entirely  discourage 
the  creation  of  new  ones. 

Mr.  Crehore's  proposal  that  all  owners  of  property  shall  fix  the 
value  of  their  holdings  as  a  basis  for  taxation  and  sale  has  its  attrac- 
tive side,  but  the  benefits  which  he  anticipates  in  the  actpiiring  of 
lands  for  public  utilities  at  minimum  prices,  would  hardly  materialize, 
in  view  of  the  question  of  severance  and  other  damages  that  would 
still  remain  for  settlement.  That  the  property  owner  voluntarily  should 
jdace  a  higher  valuation  on  the  part  of  his  holdings  through  which 
he  might  imagine  a  railroad  would  be  likely  to  pass,  is  crediting  him 
with  a  degree  of  prophetic   vision   and   engineering  skill   that   is   un- 
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Mr.  possessed  by  the  average  man ;  and  the  payment  of  excess  taxes  on  such 
Wiigus.  ^  product  of  his  imag-ination  would  be  to  him  a  costly  venture  from 
which  the  chance  of  repayment  would  be,  to  say  the  least,  exceedingly 
remote. 

The  question  of  how  to  handle  depreciation  has  developed  two 
widely  divergent  views.  Messrs.  Eaton,  Gillette,  Humphreys,  Tnger- 
soll,  Lavis,  Molitor,  Taylor,  and  Waitt,  and,  to  a  limited  degree, 
Mr.  Whinery,  believe  with  the  writer  that  no  deduction  therefor 
should  be  made  from  the  cost  of  reproduction  new,  and  Messrs. 
Brinkley,  Coombs,  Crehore,  Gandolfo,  Nicolaysen,  and  Willoughby 
think  otherwise. 

It  is  possible  that  this  difference  of  opinion  is  to  a  large  extent 
due  to  a  failure  by  each  side  to  grasp  the  reasons  that  are  guiding 
the  other;  and  a  somewhat  extended  dissertation  on  the  subject  may 
be  pardonable,  illuminated  as  it  is  by  the  ideas  brought  out  in  the 
discussion. 

Depreciation  of  railroad  property,  as  generally  understood,  con- 
sists of  physical  retrogression,  due  to  usage  and  decay,  and  to  les- 
sened effectiveness  throTigh  obsolescence  and   inadequacy. 

This  physical  retrogression  calls  for  two  classes  of  expenditures, 
namely:  (1)  current  maintenance  applied  to  those  items  which  need 
constant  attention  in  the  ordinary  upkeep  of  road  and  equipment; 
and  (2)  deferred  maintenance  of  features  that  cannot  be  economically 
restored,  renewed,  or  replaced  until  they  reach  maturity. 

Sound  practice,  enforced  by  the  rules  of  National  and  State  regu- 
latory commissions,  requires  that  expenditures  for  both  current  and 
deferred  maintenance  of  public  utilities  shall  be  charged  to  oper- 
ating expenses,  and  not  to  capital.  Stated  diifcrently,  depreciation 
is  declared  to  be  an  item  of  expense  to  be  defrayed  from  the  rate, 
and  not  wastage  of  capital  to  be  paid  for  through  the  issue  of  securi- 
ties. 

A  well-run  corporation  will  maintain  its  property  so  that  current 
repairs  and  renewals  will  not  be  allowed  to  fall  behind,  and  it  will 
also  regulate  its  distribution  of  dividends  to  stockholders  so  that  the 
combined  depreciation  resen^es  and  profit  and  loss  surplus  will  be 
not  less  than  the  accruals  of  deferred  maintenance.  In  this  connec- 
tion it  should  be  added  that  the  profit  and  loss  surplus  of  a  railroad 
company  is  just  as  much  a  i-eserve  fund  for  offsetting  depreciation 
as  if  so  labeled. 

A  failure  thus  to  provide  for  these  two  classes  of  depreciation  is 
usually  the  result  of  over-payment  of  dividends,  and  eventually  brings 
its  own  punishment  through  the  necessity  of  a  reduction  or  sus- 
pension of  dividends  during  the  period  of  rehabilitation.  This  course 
is  obligatory,  as  charges  for  rehabilitation  legally  can  only  be  made 
through  income.  ■ 
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It  will  thus  be  seen  that  stockliolders  who  unwisely  or  improperly  Mr. 
overpay  themselves  in  dividends,  are  simply  creating  a  liability  that  '  ^"^' 
must  be  repaid  through  a  lessened  later  return  on  their  investment. 
Then-  are  not,  as  Mr.  Crehore  states,  in  the  position  of  ''eating  their 
cake  and  having  it  too,"  for  the  reason  that  they  must  restore  the 
"cake"  from  their  own  resources;  they  are  prohibited  from  doing 
so  through   capital  account. 

If  this  line  of  reasoning  is  correct,  the  investor  is  entitled  to  a 
rate  sufficiently  large  to:  (a),  defray  operating  expenses,  including 
current  maintenance  and  taxes;  (h),  provide  an  allowance  for  de- 
ferred maintenance;  and  (c),  yield  a  fair  return  on  the  investment 
unimpaired  by  depreciation;  with  the  understanding,  however,  that  if 
the  allowance  for  deferred  maintenance  is  not  properly  conserved,  its 
restoration  shall  be  effected  from  the  investors'  return  which  otherwise 
would  be  available  for  dividends.  In  other  words,  (a)  and  (h)  are 
preferre<^l  obligations. 

All  this  brings  us  back  to  the  proposition  that,  under  the  law, 
physical  depreciation  of  both  classes,  cvirrent  and  deferred,  is  a  stock- 
holders liability  and  not  a  wa"stage  of  capital,  and,  consequently,  it 
should  not  be  deducted  from  the  investment  in  determining  a  ques- 
tion of  rates. 

The  railroad  is  a  very  complex  organism,  and  the  question  of 
depreciation  is  correspondingly  involved.  A  more  simple  illustration 
may  assist  in  clarifying  the  subject. 

The  owner  of  a  ferry-boat  is  admittedly  entitled  to  a  rate  that 
will  produce  earnings  sufficient  to  pay  operating  expenses,  including 
all  repairs,  renewals,  and  taxes,  and,  say,  6%  on  the  investment. 
By  gouging  out  and  restoring  each  spot  of  rot  or  wear  as  it  appears, 
and  replacing  each  nail  or  bolt  the  moment  that  it  commences  to 
chafe  or  rust,  the  boat  may  be  maintained  xjractically  new  for  an 
indefinite  period;  and  in  that  event  no  question  would  be  raised 
as  to  the  owner's  title  to  the  full  6%  return  on  the  unimpaired 
investment,  as  there  would  be  no  depreciation.  But  this  method  of 
repairing,  being  very  costly  and,  therefore,  adverse  to  public  interest, 
it  is  considered  better  practice  to  confine  current  repairs  and  minor 
renewals  to  those  parts  which  may  be  repaired  economically  from 
day  to  day,  and  pay  at  regular  intervals  into  a  deferred  mainte- 
nance sinking  fund  an  amount  which,  with  accumulations  at  com- 
l)oimd  interest,  will  produce  a  sum  at  the  end  of  a  given  period  with 
which  to  restore  the  old  boat  or  purchase  a  new  one.  Can  it  be 
fairly  said  that  in  the  latter  case  the  return  on  the  investment  must 
constantly  fall  from  6%  on  the  full  amount  when  the  boat  is  new, 
to  zero  at  the  date  of  restoration  or  replacement;  whereas,  in  the 
former  case,  so  much  less  to  the  public  interest,  the  full  rate  should 
continue    without    abatement?      If    so,    it   would    seem   far   better   for 
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Mr.     the  investor  to  abstain  from  the  common  carrier  field,  and  loan  his 
'  gus.  £^^^jg    jj^    ^    manner    that    will    guarantee    the    same    rate    of    return 
without  confiscation  of  principal. 

It  is  admitted  by  many  that  the  arguments  for  the  non-deduction 
of  depreciation  are  well  taken  in  cases  where  an  ample  reserve  has 
been  accumulated  in  outside  investments,  as  in  the  ferry-boat  example, 
and  in  cases  where  the  property  has  not  been  enriched  through  im- 
provements paid  for  from  income;  but  the  claim  is  made  that  in 
instances  of  physical  valuation  where  no  such  outside  reserve  or 
other  assets  exist,  and  funds  for  off-setting  depreciation  have  been 
reinvested  in  the  improvement  of  the  property  in  the  shape  of  addi- 
tions and  betterments,  there  is  a  clear  inequity  in  permitting  a  return 
to  the  owner  on  the  portion  of  the  property  so  reinvested.  The 
answers  are:  First,  that  the  impracticability  of  drawing  lines  sharply 
between  improvements  paid  for  through  capital  and  others  paid  for 
from  income,  makes  imperative  the  adoption  of  some  rule  that  will 
apply  uniformly  to  all;  second,  that  the  methods  of  accounting  estab- 
lished by  the  Interstate  Commerce  Commission  prohibit  the  practice 
which  would  become  necessary  of  charging  repairs  and  renewals  to 
capital,  if  items  originally  appraised  in  their  depreciated  condition 
later  were  raised  to  their  restored  value;  third,  that  the  treatment 
of  past  additions  and  betterments  as  the  equivalent  of  additional 
income  to  the  owner  removes  those  items  from  the  category  of  de- 
preciation reserves;  and  fourth,  that  on  the  owner  rests  the  continu- 
ing duty  of  replacing  depreciation  out  of  the  allowed  rate,  making 
good  from  his  own  share  thereof  any  deficiencies  due  to  over-pay- 
ment of  dividends  or  other  diversions  of  the  part  of  the  rate  in- 
tended for  current  and  deferred  maintenance. 

Many  are  the  instances  which  may  be  quoted  of  a  reduction  or 
suspension  of  dividends  from  the  latter  cause.  Railroads  thus  sit- 
uated could  not  increase  their  rates  as  a  means  of  rehabilitating 
their  properties,  and  have  been  forced  to  forego  a  full  or  even  partial 
return  on  the  investment  until  the  necessary  repairs  and  renewals 
had  been  effected  out  of  what  otherwise  would  have  been  distributable 
to  the  stockholders.  Certainly,  neither  sound  financing  nor  the  ac- 
counting rules  of  the  Interstate  Commerce  Commission,  would  sanc- 
tion the  capitalizing  of  expenditures  for  rehabilitation;  nor  would 
the  laws  of  competition  or  the  rules  of  regulatory  commissions  permit 
a  raise  of  rates  to  accomplish  the  same  purpose. 

Not  only  from  the  standpoint  of  logic  does  it  appear  that  in  ques- 
tions of  rate  regulation,  depreciation  should  not  be  deducted  from 
the  principal,  but  also,  as  a  practical  matter,  this  course  seems  to 
be  the  only  one  to  adopt.  Current  maintenance  fluctuates  during  the 
year  so  that  what  may  be  a  fair  estimate  in  one  month  is  unfair  in 
another   month.      For   instance,    in    the    fall    the    depreciation    on    ties 
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ill  tla-  railroads  of  the  United  States  amounts  to  some  $60  000  000  less  Mr. 
I  hail  a  few  months  earlier  in  the  year  prior  to  the  com.raencement 
of  annual  renewals.  Costly  structures,  if  estimated  at  a  depreciated 
value,  later  will  be  found  to  have  been  rebuilt  or  replaced,  with  a 
corresponding:  hwge  increase  in  value.  To  add  these  growths  in  value, 
through  restoration  of  depreciation,  to  a  i^reviously  determined  capital 
sum,  in  effect  would  amount  to  a  capitalization  of  items  which,  under 
the  law,  had  been  charged  to  expenses — a  course  that  speaks  for 
unsettled  rates  as  well  as  a  violation  of  accounting  principles  estab- 
lished by  the  Interstate  Commerce  Commission.  Then,  too,  the 
annual  revision  of  depreciation,  unlike  additions  and  betterments, 
cannot  be  recorded  through  book  entries,  but  necessarily  must  be 
effected  through  a  recurrent  field  inspection  of  the  multitude  of  items 
that  enter  into  the  construction  of  railroads,  a  truly  monumental 
task.  There  is  the  further  point  raised  by  Mr.  Molitor,  that  what 
is  deemed  to  be  a  depreciated  condition  for  high-class  traffic  may 
be  as  good  as  new  for  a  less  exacting  service.  Moreover,  the  adop- 
tion of  depreciated  values,  with  their  shortened  lives,  would  call  for 
the  inclusion  in  the  rate  of  higher  percentages  of  depreciation  than 
would  be  necessary  were  the  same  objects  estimated  at  their  cost 
new,  and  this  would  practically  nullify  the  saving  to  the  public  of 
using  depreciated  values  as  a  basis  for  fixing  the  investor's  return. 

The  recent  disastrous  flood  damage  in  the  Middle  West  is  a  good" 
illustration  of  the  matter  at  issue.  Railroad  property  was  depreciated, 
to  the  extent  of  many  millions  of  dollars,  all  of  which  had  to  be 
restored  out  of  earnings  and  profit  and  loss  surplus,  without  an  in- 
crease of  capital  on  which  rate-payers  would  be  expected  to  defray 
the  interest.  Surely,  it  would  not  be  equitable  to  impose  a  further 
burden  on  the  stockholders  by  a  lessened  return  on  the  depreciated; 
investment  at  the  very  time  when  they  are  compelled  to  forego  a- 
part  of  their  savings  or  profit  in  meeting  their  liability  to  restore 
their  property  to  full  working  condition.  To  do  so  would  amount 
to  a  double  burden  on  the  stockholders  through  a  wastage  of  capital 
and  reduction  of  earnings  or  surplus. 

May  it  not  be  said,  therefore,  that  in  questions  affecting  rates,, 
the  desirability  of  avoiding  constant  fluctuations  of  rates,  compliance 
with  the  accounting  rules  established  by  public  regulatory  commis- 
sions, the  avoidance  of  confusion  and  needless  complications,  and 
sound  logic,  all  point  to  the  correctness  of  the  claim  that  the  value 
of  railroad  j)roperty  should  be  considered  unimpaired  by  depreciation; 
and  that  on  the  stockholder  rests  the  obligation  of  restoring  deprecia- 
tion,  either  from  profit  and  loss  surplus  or  "reserves",  or  through  a 
lessening  of  the  return  on  his  investment  during  the  period  of  re- 
habilitation. 
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Mr.  It  is  true  that  the  United  States  Supreme  Court,  in  the  recently 

Wiigus.  decided  Minnesota  Rate  Case,  did  not  take  this  view,  but  may  we 
not  conclude  that  this  was  the  result  of  an  inadequate  presentation 
of  the  principles  underlying  this  important  question  rather  than  a 
final  endorsement  by  the  Court  of  the  general  proposition  that,  in 
matters  affecting  return  on  capital,  depreciation  should  be  deducted 
from  the  investment. 

The  claim  has  been  made  that  if  the  appreciated  value  of  right 
of  way  and  real  estate  is  allowed,  a  deduction  for  physical  depre- 
ciation is  entirely  proper.  This  does  not  seem  to  be  a  logical  con- 
tention, for  the  reason  that  the  appreciation  of  land  values,  being  an 
additional  return  to  the  investor,  plainly  should  be  credited  to  capital 
account;  while  depreciation  is  of  a  physical  nature  caused  by  tem- 
porary retrogression,  and  is  a  charge  to  expenses  and  not  to  capital 
account. 

On  the  very  important  item  of  overhead  charges  there  appears 
to  be  little  difference  of  opinion  among  those  discussing  the  paper. 

Beyond  question,  as  brought  out  by  Mr.  Gillette,  the  percentage 
for  contingencies  should  be  comparatively  small  if  reliable  data  as 
to  quantities  and  up-to-date  costs  are  obtainable  from  the  records; 
but  where  estimates  are  necessarily  made  without  the  benefit  of  such 
precise  knowledge,  and  the  adopted  unit  prices  are  not  inflated,  a 
sufficiently  liberal  allowance  for  contingencies  should  be  made,  pre- 
cisely as  would  be  done  by  the  experienced  engineer  in  preparing 
preliminary  estimates  for  any  project.  It  has  always  seemed  to  the 
writer  that  the  item  of  contingencies  should  be  provided  for  through 
a  percentage  that  will  be  open  to  inspection  and  discussion,  rather 
than  through  an  arbitrary  increase  of  unit  prices  where  it  would 
be  more  or  less  concealed. 

Mr.  Gandolfo  considers  that  no  provision  should  be  made  for  the 
educational  stage  during  which  construction  gradually  draws  to  a 
close,  and  traffic  is  built  up  from  nothing  to  the  full  volume  on 
which  the  income  that  may  be  in  question  is  earned.  With  an  ob- 
ject so  simple  as  an  automobile,  the  dealer  devotes  his  time  gratis  to 
educate  a  customer  and  to  the  repair  and  replacement  of  any  defec- 
tive or  imperfect  parts,  before  the  transaction  is  closed;  and  the  cost 
of  labor  and  materials  for  thus  breaking  in  the  car  and  educating 
the  user  is  contained  in  the  price.  So,  too,  with  a  railroad,  must  cer- 
tain expenses  be  provided  for  in  the  estimated  cost  of  reproduction, 
for  breaking  in  the  plant,  and  educating  the  forces  which  are  to 
supervise  the  moving  of  the  existing  volume  of  traffic.  A  railroad's 
operating  organism  does  not  spring,  Minerva-like,  into  being,  fully 
equipped  and  trained  for  a  comj)licated  service;  it  must  pass  gradu- 
ally from  the  period  of  active  construction  to  the  culmination  in 
growth  of  the  going  concern ;  and,  as  Mr.  Lavis  points  out,  it  is  by  a 
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suitable  iillowance  for   interest  charges  that  tliis  going  value  may  be     Mr. 
inonsured.  ^ 

In  tlio  organization  of  the  valuation  corps  largely  rests  the  success 
or  failure  of  the  outcome  of  a  pliysiciil  valuation.  Beyond  question, 
the  (lualities  mentioned  by  Mr.  Gillette  are  desirable,  and,  in  most 
instances,  essential;  but  the  one  feature  vi^hich  he  omits,  experience, 
would  seem  to  be  the  prime  need,  if  the  results  are  to  stand.  This  is 
particularly  mentioned  by  Mr.  Waitt.  The  chiefs  of  field  jiarties 
certainly  should  have  the  very  qualities  that  Mr.  Brinkley  would  not 
credit  to  them,  capacity  and  experience  for  observing  and  recording 
the  condition  of  the  property. 

As  stated  by  Mr.  Molitor,  a  low-grade  line  through  a  populous  coun- 
try has  a  distinct  advantage  over  a  competitive  high-grade  line 
through  a  sparsely  settled  region ;  but  with  net  earnings,  in  which 
the  rate  at  issue  is  a  factor,  eliminated  as  a  measure  of  such  advantage, 
the  selection  of  some  other  yardstick  of  intangible  values  is  a  problem 
on  which  no  light  has  yet  been  shed.  The  writer  has  purposely  ab- 
stained from  suggesting  a  measure  for  such  intangible  values  as  traffic 
productivity  and  operating  effectiveness,  because  he  has  been  unable 
as  yet  to  define  in  his  own  mind  just  how  they  may  be  estimated, 
other  tiian  for  comparative  purposes  under  known  local  conditions. 
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Herbert  E.  Bellamy,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  Mr. 
paper  is  most  interesting  and  well  worthy  of  a  place  in  the  Trans-  ®  *™^" 
actions  of  the  Society.  The  problems  associated  with  the  ^eat  rivers 
of  America,  and  the  great  forces  of  Nature  brought  into  operation  by 
the  enormous  rainfalls  of  that  country,  spread  over  great  catchment 
areas,  are  subjects  of  much  interest  to  engineers.  The  writer  is  sure 
that  those  resident  in  Australia  especially  will  be  very  thankful  to 
the  author  for  his  valuable  paper,  and  also  for  the  lucid  manner  in 
which  he  ha.s  presented  it.  From  a  careful  perusal,  it  would  seem, 
to  those  studying  the  question  of  the  discharge  of  rivers  in  flood  times, 
that  the  tabulated  statements  submitted  by  Mr.  Fuller,  comparing 
one  river  with  another,  supply  information  which  has  long  been  needed. 
This  comparison  is  of  great  value.  It  suggests  a  method  which  is 
simple,  and  at  the  same  time  possesses  certain  elements  of  mathemati- 
cal precision  and  many  indications  of  accuracy  which  will  be  ex- 
ceedingly helpful  to  those  who  write  on  the  subject. 

The  rivers  of  Australia  are  few  and  small  compared  with  the  size 
of  the  Continent,  and  are  subject  to  two  serious  and  opposite  disad- 
vantages— they  are  swollen  to  overflowing  or  are  practically  dried 
up  so  as  to  be  unnavigable.  The  area  of  Australia  is  2  950  000  sq. 
miles,  and  the  only  river  within  this  great  continent  that  can  be  com- 
pared for  size  with  those  of  the  Old  and  New  Worlds  is  the  Mur- 
ray. The  basin  of  the  Murray  comprises  about  414  253  sq.  miles, 
or  about  one-seventh  of  the  whole.  This  area  includes  104  525  sq. 
miles  of  Queensland,  234  362  sq.  miles  of  New  South  Wales,  50  979 
♦Continued  from  November,  1913,  Proceedings. 
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Mr.      sq.  miles  of  Victoria,  and  24  384  sq.   miles  of   South  Australia;  but, 

Bellamy.  ^£  ^^^^  ^^^^j  ^^^^  ^^  ^^le  basin,  only  158  499  sq.  miles  make  any  effective 

contribution  to  the  volume  of  the  river,  the  scanty  rain  which  falls 

on   the  remainder  of  the   area  being  quickly   absorbed.     The   average 

rainfall  over  the  whole  area  is  only  13  in.  per  annum. 

Of  the  rivers  which  flow  to  the  east,  the  two  most  important  are 
the  Fitzroy  and  the  Brisbane.  On  the  north  coast,  the  largest  rivers 
are  the  Flinders,  which  falls  into  the  Gulf  of  Carpentaria,  and  the 
Victoria,  which  falls  into  the  Queen's  Channel.  On  the  west  coast, 
the  best-known  rivers  are  the  Ashburton  and  the  Swan. 

The  misfortune  of  Australia,  as  regards  rainfall,  is  that  the  moun- 
tain ranges,  which  act  as  condensers,  lie  so  near  the  east  coast.  The 
result  is  that  the  narrow  coastal  plain  gets  more  rain  than  it  needs, 
and,  when  the  rain-bearing  winds  from  the  Pacific  have  crossed  the 
mountains  and  table-lands  into  the  interior,  the  great  heat  there  dis- 
sipates the  clouds  and  does  not  permit  them  to   condense   into  rain. 

In  attempting  to  form  a  rule  for  flood  discharges  for  Australian 
rivers,  it  will  be  found  that  there  are  as  many  exceptions  as  there 
are  rivers,  and  further  that  the  flood  discharge  in  each  river  varies 
according  to  the  precise  locality  in  which  it  is  measured.  The  writer 
considers  that  the  question  of  the  fresh-water  floods  of  Australian 
rivers  in  relation  to  the  areas  and  physical  features  of  their  basins 
is  one  of  those  multiform  problems  which  can  only  be  solved  by 
special  attention  to  the  peculiar  circumstances  of  each  particular  case. 
One  of  the  chief  wants  experienced  by  the  water  engineer  in  Australia 
arises  from  the  scantiness  of  reliable  data  regarding  the  occasional 
floods  to  which  the  rivers  especially,  and  parts  of  the  country  generally, 
are  subject.  There  is  probably  much  valuable  information  in  the 
hands  of  a  few  engineers  now  engaged  on  public  works  throughout 
the  country,  but,  except  in  one  or  two  cases,  it  has  never  been  col- 
lected for  reference.  In  any  case  there  is  great  difficulty  in  securing 
reliable  evidence  of  the  levels  attained  by  great  floods  which  occurred 
more  than  40  or  50  years  ago.  This  difficulty  has  been  found  by  the 
writer  on  several  occasions  when  desiring  to  fix  permanent  levels  for 
new  pumping  stations  to  be  constructed  on  the  banks  of  rivers  in 
connection  with  town  water  supplies.  In  one  case,  for  Rockhampton, 
on  the  Fitzroy  River,  he  deemed  it  advisable  to  fix  the  engine-house 
floor  level  3  ft.  above  the  maximum  flood  level,  although  flood  records 
were  available  for  a  period  of  47  years.  Records  of  the  heights  of 
various  floods  in  this  river  have  been  tabulated  by  the  writer.* 

On  the  eastern  coast  the  flood  discharge  of  a  river  is  greater  per 
square  mile  for  relatively  small  drainage  areas  than  for  larger  ones, 
because  of  the  greater  intensity  of  precipitation  on  the  former  in 
time  of  storm. 

*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CLXIII. 
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The  author  states  that:  "In  studying  the  data,  a  few  rivers,  located      Mr. 
principally  in  arid  and  semi-arid  regions,  were  eliminated  on  account  ^^"*™y' 
of  unusual  conditions." 

It  is  more  especially  to  these  latter  conditions,  in  so  far  as  they 
pertain  to  a  few  of  the  Australian  rivers,  that  the  writer  wishes  to 
direct  attention.  From  even  a  cursory  examination  of  Table  34,  and 
the  brief  description  of  the  physical  characteristics  of  Australian 
rivers,  it  will  at  once  be  apparent  that  it  would  be  impossible  to 
establish  a  set  of  coefficients  applicable  for  Australian  conditions. 

The  Murray  rises,  as  the  Indi,  in  Pilot  Mountain,  5  000  ft.  above 
sea  level,  and,  receiving  a  large  number  of  tributary  mountain  tor- 
rents fed  by  the  snows  of  the  Muniong  and  Bogong  Ranges,  flows 
swiftly  down  from  the  table-land  on  the  lower  plain,  falling  4  500  ft, 
in  its  first  300  miles.  Toward  Albury  it  is  joined  by  the  Mitta  and 
Kiewa.  and,  between  Albury  and  Wentworth,  the  affluents  of  the  Mur- 
ray are  the  Ovens.  Goulburn.  Campaspe,  and  Loddon  from  the  south, 
and  the  ^[urrumbidgee  and  Darling  from  the  north.  The  fall  of  the 
river  from  Albury  downward  varies  from  9  to  4  in.  per  mile.  From 
Wentworth,  however,  to  Lake  Alexandrine,  the  fall  is  only  3  in.  per 
mile.  Lake  Alexandrina  has  an  area  of  288  sq.  miles,  and  the  outlet 
for  the  Murray  is  through  the  Goolwa  and  Coorong  Channels,  which 
unite  at  Mundoo  Island,  and  form  one  channel  to  the  sea.  The  mouth 
of  the  Murray  resembles  many  of  the  Australian  bar-bound  coastal 
rivers,  and  proposals  have  been  made  from  time  to  time  to  make  it 
navigable;  but,  on  account  of  the  formidable  and  costly  difficulties 
to  be  encountered,  nothing  has  yet  been  done. 

The  Goulburn  River  is  the  largest  and  most  important  Victorian 
tributary  of  the  Murray.  This  river,  which  flows  into  the  Murray 
at  a  point  880  miles  from  Morgan,  and  676  miles  from  the  South 
Australian  boundary,  for  the  twelve  years  ending  with  1903,  inclusive, 
had  a  maximum  discharge  of  37%,  a  minimum  of  16%,  and  a  mean 
of  23%,  of  the  discharge  at  Morgan.  The  mean  monthly  discharge 
was  from  30  to  70%  in  1884,  and  from  21  to  62%  in  1887,  of  that 
of  the  Murray  at  Echuca,  which  is  10  miles  below  the  junction.  The 
description  of  the  Upper  ^[urray  is,  in  many  respects,  applicable  to 
this  river.  It  takes  its  rise  in  the  Dividing  Range,  near  Wood's  Point, 
where  the  summits  reach  an  elevation  of  5  000  ft.  The  drainage  area 
is  about  9  000  sq.  miles,  about  1  500  sq.  miles  being  in  mountainous 
country  of  considerable  elevation.  This  portion  of  the  catchment 
area  is  rocky  and  precipitous,  and  a  large  proportion  of  the  rainfall 
is  discharged.  The  winter  volume  of  the  river  is  large,  and  the  melting 
snows  maintain  the  discharge  far  into  the  summer.  About  5  200  sq. 
miles  of  the  total  catchment  are  effective,  the  remainder  being  non- 
contributing.      The    term,    Goulburn    Valley,    is    limited,    by    popular 
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Mr.      usage,  to  the  plain  which  extends  from  the  Town  of  Murchison  north- 
Bellamy.  ^^^^  ^Q  ^j^g  Murray. 

The  Lachlan  River  possesses  a  reputation  for  irregularity  of  flow 
which  is,  perhaps,  not  paralleled  by  any  other  river  in  Australia.  As 
illustrative  of  the  great  fluctuations  which  take  place  in  the  volume 
discharged  by  the  river,  the  records  for  1900  and  1902  might  be  quoted. 
In  July,  1900,  a  sudden  downpour  of  rain,  aided  by  melting  snows 
in  the  ranges  forming  the  upper  portion  of  the  Lachlan  gathering 
ground,  caused  the  river  to  rise  from  19  ft.  to  40  ft.  8  in.  in  26  hours 
at  Cowra.  The  estimated  discharge  at  this  height  was  1  800  000  cu. 
ft.  per  min.  This  volume  was  maintained  for  nearly  two  days,  after 
which  the  river  gradually  subsided  to  its  normal  level.  The  total  dis- 
charge for  July,  1900,  exceeded  19  000  000  000  cu.  ft.  The  flood  of 
1894,  although  not  at  any  time  reaching  the  maximum  recorded  in 
July,  1900,  was  more  sustained,  as  the  river  was  in  flood  for  four 
months  of  the  year,  and  in  that  period  no  less  than  66  600  000  000  cu. 
ft.  passed  the  gauging  station.  By  way  of  comparison,  it  may  be 
mentioned  that  this  was  60%  more  than  the  volume  discharged  by 
the  Murray  at  Albury  for  the  whole  year  1902.  During  the  drought 
year,  1902,  the  Lachlan  was  practically  a  chain  of  waterholes,  and 
the  discharge  for  the  twelve  months  only  reached  1  024  000  000  cu.  ft., 
of  which  a  very  small  proportion  passed  Condobolin. 

The  Brisbane  River  has  a  total  water-shed  of  about  5  300  sq.  miles, 
the  areas  of  the  principal  contributing  rivers  and  creeks,  respec- 
tively, being  as  follows: 

Stanley    River 600  sq.  miles 

Brisbane  River,  above  Cooyar  Creek.  .   166    "        " 

Mousildale   and  Avoca   Creeks 190    "        " 

Cooyar    Creek 410    " 

Emu  Creek 380    "       " 

Maroughi  and  Anduramba  Creeks 180    "        " 

Cressbrook    Creek 230    " 

Lockyer    Creek 1  160    " 

Bremer    River 780    " 

Remainder  (about)    1  370    "        " 

This  area  is  bounded  on  all  sides  by  mountain  ranges  varying  in 
height  from  1  000  to  4  000  ft.  More  than  2  500  sq.  miles  in  the  upper 
portions  of  the  water-shed  consist  generally  of  impervious  strata,  and 
the  lower  portions,  or  remainder,  of  permeable  strata.  The  Stanley 
River,  rising  in  high  lands  near  the  Pacific  Coast,  is  subject  to  intense 
rainfall  which  has  a  quick  run-off;  indeed,  so  much  so,  that  it  is  con- 
sidered the  chief  factor  in  studying  flood  flows  in  the  main  river.  The 
total  length  of  the  Brisbane  River  is  210  miles;  it  is  tidal  for  53  miles, 
and  navigable  for  vessels  of  more  than  12  000  tons  as  far  as  Brisbane. 
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Mr.      The  tidal  range  at  the  mouth  of  the  river  and  at  Brisbane  is  between 
Bellamy.  3   ^^^  g  ^^^^ 

The  valley  of  the  Brisbane  River  is  the  scene  of  recurring  floods, 
and  the  highest  flood  on  record  at  Brisbane  occurred  on  February  5th, 
1893.  The  rainfall  recorded  for  8  days  previous  to  that  date  at  meteoro- 
logical stations  within  the  water-shed  is  as  follows : 

Cressbrook    20 .  97  in. 

Crohamhurst   83 .43  " 

Esk    18.60  " 

Fassifern    4.53  " 

Ipswich   10.49  " 

Laidley   10.81  " 

Nanango     6.14  " 

Woodford   38.87  "   (gauge  overflowed) 

Brisbane   19 .  42  " 

Unfortunately,  these  records  are  insufficient  to  give  any  reliable  data 
as  to  the  true  average  fall  over  the  whole  area ;  they  are  given  because 
they  are  correct.  The  cross-section  at  the  railway  crossing  by  Indoo- 
roopilly  carried  the  whole  of  the  flood-water.  The  estimated  surface 
velocity  of  the  current  on  February  5th  was  10  miles  per  hour.  The 
discharge  in  the  24-hour  period  of  the  flood,  when  at  its  maximum 
height,  may  be  taken  at  34  500  000  000  gal. 

The  Fitzroy  River  drains  a  catchment  area  of  about  58  000  sq.  miles, 
the  greater  portion  of  which  is  very  flat ;  and  of  this  area  no  less  than 
54  900  sq.  miles  are  above  Rockhampton,  the  capital  of  Central  Queens- 
land. The  extreme  length  of  the  river,  including  all  bends,  measured 
from  the  source  of  the  Dawson  River  Branch  to  its  outlet  in  Keppel 
Bay,  is  520  miles.  The  length  within  tidal  influence,  extending  uji  to 
Alligator  Creek,  about  29  miles  above  Rockhampton,  is  only  62  miles. 
The  greatest  flood  on  record  occurred  in  February,  1896,  and  the  esti- 
mated maximum  discharge  of  the  river  for  a  24-hour  period  was 
397  226  000  000  gal.  The  lowest  flow  ever  recorded  was  gauged  by  the 
writer  in  May,  1902,  when  the  small  quantity  of  46  000  000  gal.  was 
discharged  in  24  hours.  The  physical  conditions  of  this  river  are 
entirely  different  from  those  previously  referred  to,  chiefly  on  account 
of  the  water-shed  being  so  very  flat.* 

In  conclusion,  the  writer  desires  to  state  that  he  considers  Mr.  Ful- 
ler's paper  to  be  the  best  and  most  instructive  contribution  yet  pub- 
lished on  the  subject. 

Mr.  E.   KuiCMLiNG,  M.  Am.  vSoc.  C.  E.    (by  letter) — The  author  is  en- 

■  titled  to  unstinted  credit  for  having  performed  a  vast  amount  of  useful 

work   in  preparing  his   extensive  compilation    and   ingenious   analysis 

*  "  On  the  Rainfall  of  Central  Queensland  and  Floods  in  the  Fitzroy  River,"  by  Herbert 
E.  Bellamy,  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CLXIII,  p.  295. 


l'"P«''-^l  DISCUSSION   ON    ri.OOI)   FLOWS  2209 

of  flood  records  of  American  rivers.  The  subject  is,  moreover,  a  timely  Mr. 
one,  in  view  of  the  extraordinai-y  floods  which  have  occurred  this  year  i^"'chi'ng- 
in  Ohio  and  New  York,  last  year  in  Wisconsin,  and  three  years  ago 
in  Europe.  From  his  studios  of  the  data  submitted,  he  reaches  the 
conclusion  that  a  general  formula  for  computing  the  probable  maximum 
flood  discharge  from  catchment  areas,  must  be  provided  with  a  factor, 
or  coeflicient,  C,  the  magnitude  of  which  depends  on  the  peculiarities 
of  each  water-shed,  and  is  adapted  thereto  by  considering  all  previous 
flood  flows  therefrom;  and,  furthermore,  that  it  must  have  another 
factor  to  express  the  ratio  of  the  probable  future  maximum  discharge 
to  past  smaller  maxima,  which  factor  is  (1  +  0.8  log.  T),  wherein  T 
denotes  the  number  of  years  in  the  period  between  the  recurrence  of 
floods  of  approximate^'  the  same  magnitude.  The  general  formula 
proposed  by  the  author  for  the  greatest  average  rate  of  flow  during 
24  hours,  in  cubic  feet  per  second,  is  Q  =  C  A^-^  (1  +  0.8  log.  T), 
in  which  A  is  the  area  of  the  catchment  basin,  in  square  miles. 

The  values  of  the  variable  factor,  C ,  for  the  rivers  of  the  several 
geographical  districts  of  the  United  States,  adopted  by  the  U.  S. 
Geological  Survey,  are  given  as  computed  by  the  author  in  Tables  12  to 
20,  inclusive.  Two  sets  of  such  factors  are  given,  one  referring  to  the 
averaiic  yearly  flood  discharge  in  a  series  of  years,  T,  of  observation,  and 
the  other  to  the  largest  observed  discharge  during  such  period.  For 
the  sake   of   clearness,   they  should  be  designated,   C^   and   C'„   their 

11-  ^^     n  Q(Ave.)  Q'    ' 

values  beiu-expresscHl  by  C,  -  -^o-.8-    ^^^^  ^2  ^  A^-' (I -\-U.^lo<r.  T)' 

in  Columns  8  and  7,  respectively,  of  those  tables.  It  seems  to  be  the 
author's  purpose  to  use  the  value  C^  in  his  aforesaid  general  formula 
for  Q,  as  he  places  Q  =  Q  (Ave.)  (1  -j-  0.8  log.  T),  thus  giving 
Q  =  C^A^-^  (l-\-O.S  log.  T).  The  use  of  the  formula  may  be  illustrated 
by  the  following  example  relating  to  the  Susquehanna  River  at  Bing- 
hamton,  N.  Y.,  in  Table  14,  where  A  =  2  400,  T  =  10,  Q  (Ave.)  = 
39  100,  Cj  =  78,  and  C,  =  70,  corresponding  to  Q'  =  63  000  cu.  ft.  per 
sec,  which  is  the  largest  flow  observed  in  10  years.  If  it  be  desired 
to  compute  the  probable  maximum  discharge,  Q,  that  will  occur  in  a 
period  of  T"  =  100  years,  at  the  same  place,  the  formula  will  become: 
Q  =  Q  (Ave.)  (1  +  0.8  log.  T)  =  39  100  X  2.6  =  101  660  cu.  ft. 
per  sec. ;  and  in  a  period  of  T  =  1  000  years,  it  will  he  Q  =  39  100  X 
3.4  =  132  940.  The  coefficient,  C,,  shoiild  not  be  used,  as  it  relates  only 
to  the  particular  values,  Q'  and  T  =  10. 

An  examination  of  Tables  12  to  26,  inclusive,  shows  wide  differences 
in  the  values  of  (7,  for  apparently  similar  drainage  areas.  Thus,  in 
Table  14,  we  have  C^  =  50  for  the  Passaic  River,  with  A  =  823  and 
r  =  34;  while  for  the  Raritan  River,  with  A  =  800  and  T  =  6,  the 
value  of  C,  is  93.  Similarly,  in  the  same  table,  we  find  for  the  East 
and    West    Branches    of   the    Delaware    River,    at    Hancock,    N.    Y., 
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Mr.  C^  =  140  and  105,  respectively,  for  A  ==  920  and  680,  and  T  =  9  in 
both  cases.  Again,  in  Table  13,  we  find  C^  =  58  and  49  for  the 
Hudson  River  with  respectively  A  =  2  800  and  4  500,  and  T  =  13 
and  40;  while  for  the  Mohawk  River,  with  A  =  3  440  and  T  =  12, 
we  have  C^  =  75;  also,  for  the  neighboring  water-sheds  of  West  and 
East  Canada  Creeks,  with  A  =  364  and  256,  and  T  =  9  and  12,  we 
find  C^  =  116  and  71,  respectively.  For  nearly  equal  areas  in  the 
basins  of  the  Connecticut.  Mohawk,  and  Delaware  Rivers,  namely, 
A  =  3  305,  3  440,  and  3  250,  with  T  =  11,  12,  and  8,  we  have 
C^  =  49,  75,  and  97,  respectively;  and  similarly  with  many  other 
catchment  areas.  The  values  of  Cj  also  vary  at  different  points  in  the 
same  river  basin,  sometimes  increasing  with  A,  sometimes  being  nearly 
constant,  and  sometimes  decreasing. 

The  factor,  G^,  appears  to  depend  primarily  on  the  depth  and 
iextent  of  the  precipitation  causing  a  flood,  the  season  of  the  year, 
and  the  total  drainage  area  at  the  point  of  observation;  and,  sec- 
ondarily, on  the  nature  of  the  surface  soil  of  the  water-shed,  whether 
absorptive  or  impermeable,  the  slopes  of  the  surface  and  lines  of 
drainage,  the  shape  of  the  basin  and  its  component  areas,  the  extent 
and  character  of  the  vegetation  thereon,  the  duration  of  the  excessive 
rainfall  and  melting  of  previously  fallen  snow,  and  the  extent  to  which 
■d  portion  of  the  run-off  is  impounded  in  natural  and  artificial  reser- 
voirs, including  the  temporary  inundation  of  broad  flats  in  the  valley 
above  the  point  of  observation.  The  latter  is  an  important  feature, 
and  in  considering  the  probable  future  maximum  flow  from  such 
catchment  areas,  it  will  be  expedient  to  assume  that  improvements  will 
be  made,  whereby  inundations  will  be  reduced.  The  factor  is  also 
affected  by  the  formation  and  bursting  of  ice  jams  in  northern 
streams,  and  the  formation  of  barriers  of  sunken  logs,  silt,  and  gravel, 
which  may  cause  a  large  storage  temporarily  until  scoured  away  by 
a  strong  freshet.  It  is  thus  evident  that  nvimerous  features  must  be 
taken  into  account  in  estimating  the  probable  maximum  flow  from  a 
large  area. 

In  regard  to  the  rainfall,  it  can  be  said  that  "heavy  precipitations 
covering  great  areas  of  country  during  a  few  days,  occur  at  more 
or  less  regular  intervals  of  years  in  all  the  States  east  of  the  Mississippi 
River  and  on  the  Pacific  Coast.  The  points  where  the  rainfall  is 
observed,  however,  are  generally  so  far  apart  that  it  is  very  difficult 
to  estimate  the  actvial  volume  and  distribution  of  the  water  on  a 
large  territory.  In  mountainous  regions,  intense  precipitations  often 
occur  in  localities  not  provided  with  rain-gauges,  and  the  fact  that 
unusual  downpours  have  taken  place  on  areas  of  many  square  miles, 
is  attested  by  the  resulting  freshets,  the  magnitude  of  which  is  not 
warranted  by  the  scanty  available  records  of  rainfall  at  other  places. 
It   happens,   therefore,   that   the    rainfall   on    moimtainous    and    hilly 
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catchment  basins  is  frequently  underestimated,  as  shown  by  the  case       Mr. 
of  the  water-shed  of  West  Canada  Creek,  N.  Y.,  where  in  one  year    "'*^   '°^" 
the  aggregate  run-off  was  much  more  than  the  estimated  precipitation. 

In  view  of  the  limited  periods  of  flood  observation  on  most 
American  rivers,  and  the  recurrence  of  heavy  rainfalls  at  longer 
intervals  of  time,  it  becomes  questionable  whether  the  use  of  different 
values  of  C^  for  similar  water-sheds  in  the  same  region  is  proper. 
The  same  combination  of  conditions  that  produced  a  great  flood  in 
one  year  in  a  particular  basin,  is  likely  to  occur  in  another  year  in  the 
neighboring  basin,  and  hence  it  seems  safer  to  use  the  largest  ob- 
served value  of  Cj  for  all  the  streams  of  a  given  region  when  it  is 
known  that  the  area,  topography,  and  character  of  soil  are  substan- 
tially alike.  The  variation  in  the  value  of  C^  for  larger  values  of  A 
of  similar  water-sheds  of  a  region,  can  probably  also  be  deduced  from 
the  data,  whereby  C^  will  be  expressed  as  a  function  of  A ;  and,  as  a 
result  we  will  have  a  formula  like  Q  ^  B  A"  (1  -|-  0.8  log.  T)  for  all 
similar  catchment  basins  in  a  particular  region.  By  this  means 
regional  peculiarities  would  be  recognized  by  variations  in  the  value 
of  the  coefficient,  B,  and  perhaps  also  of  the  exponent,  n.  The  ad- 
vantage of  such  a  formula  lies  in  its  applicability  to  a  wide  range 
in  the  value  of  A. 

A  question  also  arises  as  to  the  value  of  T  to  be  used  when  com- 
puting the  future  maximum  flood  discharge.  The  tables  contain  no 
reference  to  the  rainfalls  that  produced  the  floods  listed,  nor  to  the 
dates  of  their  occurrence,  and  hence  it  is  impracticable  to  determine  ^^ 
from  the  data  submitted  whether  a  probable  maximum  flood  did  not 
occur  during  the  period  of  observation.  It  may  also  be  that  the 
largest  observed  flood  was  nearly  equal  to  the  future  maximum,  in 
which  event  the  factor  (1  +  0.8  log.  T)  would  be  correspondingly 
smaller  than  2.5  or  3.0,  when  T  is  taken  at  from  75  to  320  years. 
Much  depends,  therefore,  on  the  actual  conditions  which  produced 
the  observed  floods,  and  on  this  subject  no  information  is  given  in 
the  paper.  The  floods  of  some  of  the  rivers  in  Ohio,  in  1913,  were 
unprecedented  in  magnitude,  and  a  statement  that  they  might  be- 
come twice  as  large  in  the  future  would  surely  have  to  be  accom- 
panied with  the  most  convincing  proofs  in  order  to  be  accepted;  and 
the  same  can  also  be  said  of  all  other  large  floods  elsewhere. 

In  regard  to  the  intervals  between  the  occurrence  of  extraordinary 
floods,  few  data  are  available  for  American  rivers.  Table  12  shows 
that  two  great  floods  of  nearly  equal  magnitude  occurred  in  the  Con- 
necticut River,  at  Hartford,  Conn.,  in  a  period  of  104  years;  two  in 
the  Merrimac  River,  at  Lawrence,  Mass.,  in  56  years;  and  two  in  the 
Androscoggin  River,  at  Rumford  Falls,  Me.,  in  40  years.  Table  13 
shows  that  one  great  flood  was  observed  in  the  Hudson  River,  at 
Mechanicsville,   N.   Y.,   in   40  j-ears;   Table   14,   that  two  great  floods 
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Mr.  were  observed  in  the  Passaic  Eiver,  at  Dundee  Dam,  N.  J.,  in  34 
Kuichiing.  ygj^^g.  Table  17,  that  two  great  floods  occurred  in  the  Genesee  River, 
at  Rochester,  N,  Y.,  in  128  years;  Table  16,  that  two  great  floods  of 
the  Ohio  River,  at  Wlieeling,  W.  Va.,  occurred  in  50  years;  and 
Table  20,  that  one  large  flood  of  the  Kansas  River,  at  Lecompton, 
Ivans.,  occurred  in  60  years,  all  other  periods  of  observation  being 
less  than  30  years.  The  average  of  the  foregoing  enumeration  is  one 
great  flood  at  intervals  of  37  years,  or  a  total  of  14  in  512  years. 

For  foreign  rivers,  a  few  data  as  to  recurrences  of  great  floods  were 
recently  published  in  ofiicial  investigations  of  floods  of  the  Seine,  at 
Paris,  and  the  Danube,  at  Vienna.*  In  the  Seine  at  Paris,  the  observa- 
tions extend  over  a  period  of  400  years,  the  highest  flood  having  occurred 
on  March  1st,  1658,  and  the  next  almost  equally  high  one  on  January 
28th,  1910;  the  third  in  order  of  magnitude,  and  but  slightly  lower 
than  the  second,  was  on  December  26th,  1740,  and  between  this  date 
and  January  7th,  1883,  eight  other  floods  of  somewhat  lower  height 
are  recorded.  We  thus  have  for  the  Seine  a  record  of  11  great  floods 
in  255  years,  or  on  the  average  one  unusual  flood  in  23  years.  The 
discharge  of  the  river  at  Paris,  on  January  28th,  1910,  was  estimated 
at  83  500  cu.  ft.  per  sec.  from  a  water-shed  of  about  16  860  sq.  miles. 

At  Vienna  the  drainage  area  of  the  Danube  is  about  39  200  sq. 
miles,  and  from  well-attested  flood  marks,  the  highest  flood  occurred 
in  1501.  No  reliable  data  for  computing  the  discharge  at  that  time 
are  available,  but,  as  nearly  as  can  be  determined  from  observations  of 
the  river  channel  during  the  past  50  years,  the  maximum  flow  was 
then  about  503  200  cu.  ft.  per  sec.  Numerous  smaller  floods  have  oc- 
curred since,  with  discharges  reaching  370  800  cu.  ft.  per  sec.  in  Sep- 
tember, 1899;  but  from  a  careful  study  of  all  existing  data  relating 
to  the  precipitation  on  the  drainage  area,  the  engineer  who  reported 
on  the  subject  in  1910  concluded  that  a  recurrence  of  the  great  flood 
of  1501  was  highly  probable,  and  might  take  place  in  any  year  of 
excessive  rainfall. 

Other  records  for  European  rivers  might  also  be  cited,  to  show 
that  great  floods  have  occurred  in  shorter  intervals  than  100  years; 
but  it  is  believed  by  the  writer  that  enough  has  been  adduced  to  show 
that  the  proper  value  of  T  to  be  used  in  making  estimates  of  future 
flood  flows  of  American  rivers,  deserves  further  explanation  by  the 
author. 

Generous  reference  has  been  made  in  the  paper  to  the  writer's  ex- 
tensive study  of  the  subject,  as  published  in  the  State  Engineer's 
"Report  on  the  Barge  Canal  of  the  State  of  New  York".  Albany,  1901. 
In  this  publication  the  drainage  areas  and  maximum  flood  discharges, 
in  cubic  feet  per  second  per  square  mile,   of   232  American   and  364 

*  Abstracts  thereof  are  Riven  in  Engineering  Neivs,  1910,  I,  p.  327,  and  Zeitschrift  des 
Oesterr.  Ingenieur-  u  Architekten  Vereines,  1910,  pp.  147  and  457,  respectively. 


l'''pi'i*l  DISCUSSION'   ON    FLOOD   FLOWS  2213 

fdiviirii  river  basins  were  submitted,  together  with  IS  ditTerent  Mr. 
fi.riuuhis,  reprinted  in  Table  29,  that  had  been  devised  up  to  11)00  by  J^'»«^''°g- 
various  engineers  for  estimating  the  probable  maximum  flow  of  a  stream. 
Although  these  data  are  very  useful,  they  are  too  long  for  rei)roduction 
here,  especially  as  many  of  them  are  contained  in  the  author's  tables, 
and  therefore  the  writer  will  append  only  the  additional  data  on  large 
flood  discharges  that  he  has  collected  since  the  year  1900. 

An  examination  of  the  figures  soon  shows  wide  differences  in  the 
rates  of  maximum  discharge  for  water-sheds  of  the  same  magnitude 
in  different  parts  of  the  world,  and  confirms  the  view  of  the  author 
that  it  is  necessary  to  take  into  account  the  topographical,  geological, 
and  meteorological  characteristics  of  a  drainage  area  before  estimating 
the  probable  maximum  run-off  therefrom.  This  opinion  has  long 
been  held  by  hydrologists,  and  hence  most  of  the  various  formulas  for 
flood  discharge  are  adapted  only  to  particular  localities.  Doubtless 
the  most  important  factors  are  the  intensity,  duration,  and  distribu- 
tion of  the  rainfall  on  the  water-shed,  but  owing  to  lack  of  sufficient 
data  on  this  subject  in  almost  every  country  and  State,  it  becomes 
extremely  difficult  to  establish  even  an  approximately  correct  relation 
between  them.  For  rains  of  comparatively  long  duration,  the  char- 
acter of  the  surface  soil  seems  to  be  of  minor  importance,  as  the  ground 
usually  becomes  saturated  in  a  few  hours  and  absorption  diminishes 
in  large  degree;  whereas,  for  short  heavy  downpours,  the  condition 
of  the  soil  and  the  vegetation  thereon  is  of  great  influence  on  the 
run-off,  especially  as  the  area  covered  by  such  precipitation  is  then 
relatively  small.  The  largest  rate  of  run-off  that  the  writer  has  found 
recorded  is  3  200  cu.  ft.  per  sec.  per  sq.  mile,  on  July  14th,  1897,  from 
an  area  of  only  0.2.5  sq.  mile  of  irregular  rocky  surface  on  Beacon 
Mountain,  near  Fishkill,  N.  Y. 

Reference  may  also  be  made  to  the  following  formula*  of  R. 
Iszkowski,  Chief  Engineer  of  the  Austrian  Ministry  of  Public  Works. 
This  is  caJled  an  "induction  formula  for  estimating  the  normal  and 
flood  discharges,  based  on  the  characteristics  of  the  water-shed,"  and 
involves  four  direct  factors,  viz.:  the  area  (M)  of  the  water-shed;  the 
mean  yearly  depth  (R)  of  rainfall  thereon;  two  variable  coeflicients, 
one  (Cj)  depending  on  the  topography  or  general  slope  of  the  territory, 
and  the  other  (C,)  on  the  character  of  the  surface  soil,  according 
as  it  is  strongly  absorptive,  slightly  permeable,  or  impervious;  and 
lastly,  a  special  factor  (m)  which  varies  inversely  with  the  area  of 
the  water-shed.  In  its  original  form,  for  the  metrical  system,  this 
formula  in  (?„,„^  =  (0.022  C'l  f  mC^)  H  M.  where  Q„,^,^  is  tlie  prob- 
able maximum  flood  discharge,  in  cubic  meters  per  second,  (R)  is 
the  mean  annual  dejith  of  rainfall,  in  meters,  and  (M)  is  the  drainage 

♦Published  in  IVochenschrift  des  Oexter.  Inqenieuv  iind  Architekten  Fecewics,  Vol.  9, 
1884,  pp.  2.5,  :«,  and  14G. 
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area,  in   square  kilometers.     For  this  system   of  measures,  the   value 

of    the    coefficient    (Cj)    ranges    from    0.20    for    very    flat,    sandy,    or 

swampy    areas,    to    0.65    for    high    mountainous    areas;    the    value    of 

(C.,)  ranges  from  0.035  for  very  permeable  land  covered  with  vegetation 

to  0.70  for  impervious  rocky  or  frozen  land,  without  active  vegetation, 

and   covered  with   snow  which  will   increase  the  run-ofF  by  melting; 

and  the  value  of  (m)  ranges  from  7.88  for  M  =  30  sq.  km.  to  0.65  for 

M  =  100  000  sq.  km.,  as  set  forth  in  a  table  from  which  the  writer 

,    ,        ,    ,                  .               ,  ..                     0.59  (11050  +  M)      _ 
has  deduced  the  approximate  relation:    m  — — .     For 

818  -|-  M 

average  conditions,  such  as  correspond  to  a  hilly  territory  with  slightly 
permeable  soil  and  sparse  vegetation,  the  values  of  the  said  coefficients 
are  Cj  =  0.385  and  C,  =  0.40.  By  substituting  these  particular  values 
in  the  formula  and  then  reducing  to  the  customary  measures  of  dis- 
charge (q)  in  cubic  feet  per  second  per  square  mile,  area  (M)  in 
square  miles,  and  the  mean  annual  depth  of  rainfall  (R)  in  inches, 
we  will  have: 

_  0.568  .  R  (4  129.5  +  M) 
^'""^   ~  315.8  + Jf  ^^^ 

in  cubic  feet  per  second  per  square  mile,  for  the  aforesaid  average 
conditions.  If  we  assume  R  =  36  in.,  this  expression  will  give  ?„jg3..  = 
260,  208,  80,  and  28  for  M  =  10,  100,  1  000,  and  10  000,  respectively. 
For  mountainous  territory  with  rocky  or  frozen  soil,  we  will  have 
C*j  =  0.50  and  C,  =  0.60  in  the  original  formula,  whence  by  reduction : 

0.848.72  (4147.4+J»f) 


315.8  +  M 


(2) 


in  cubic  feet  per  second  per  square  mile.  For  the  same  values  of 
(E)  and  (M)  as  before,  this  second  equation  gives  q^^^  =  390,  312, 
119,  and  42,  or  50%  more  than  by  Equation  (1).  Similar  ex- 
pressions might  also  be  deduced  for  other  values  of  (C^)  and  (C^), 
but  they  will  be  omitted  here  as  it  is  doubtful  whether  the  formula 
can  be  applied  generally  without  modification.  In  the  writer's  opinion, 
the  formula  gives  values  of  (q)  that  are  too  low  for  small  drainage 
areas  and  too  high  for  large  ones.  The  method  of  development,  how- 
ever, is  ingenious  and  worthy  of  closer  investigation. 

On  page  1062*  of  the  paper  a  formula  is  given  that  was  devised 
by  the  writer  in  1900  for  the  probable  maximum  flood  discharge  from 
mountainous  and  hilly  water-sheds  of  not  more  than  5  000  sq.  miles 
in  the  Middle  and  New  England  States.  Since  that  time  many  other 
data  have  become  available,  so  that  this  formula  should  now  be  modi- 
fied. Further  studies  of  the  subject  have  led  the  writer  to  propose 
another  simple  formula  which  applies  to  river  basins  in  the  Southern 

*  Proceedings,  Am.  Soc.  C.  E.,  May,  1913. 
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TABLE    ,'57. — Unusual   Flood   Discharges,    Supplementary    to   the       mf. 
Data  Compiled  by  the  Writer,  and  Published  in  the  Eeport  on  ^"^*='*'"'8- 
THE  Proposed  Barge  Canal  f-or  the  State  of  New  York,  Albany, 
1901,  pp.  845-865.    Arranged  According  to  Magnitude  of  Drain- 
age Area. 


stream  and  locality. 


rt  S 


cs  ^ 


J3  0.5 
■J.  ^  0 


Date  of  flood. 


Number  of 
years  observed. 


Authority.* 


I.    American  Streams. 
Mississippi  River, 

at  St.  Louis,  Mo 

Missouri  River, 

at  St.  Charles,  Mo 

Missouri  River, 

at  Sioux  City,  la 

Colorado  River, 

at  Yuma,  Ariz 

Ohio  River, 

at  Pa<iucah,  Ky 

Mississippi  River, 

at  Grafton.  Ill 

Mississippi  River, 

at  Clayton,  la 

Kansas  River, 

at  Lawrence.  Kans 

Platte  River, 

near  Columbus,  Neb — 
Mississippi  River, 

at  Prescott,  Wis 

Colorado  River, 

at  Austin.  Tex 

Mississippi  River, 

at  Si.  Paul.  Minn 

Mississippi  River, 

at  St.  Paul,  Minn 

Red  River, 

at  Grand  Forks,  N.  D  — 
North  Platte  River, 

at  Camp  Clarke,  Neb 

Susquehanna  River,  ( 

at  HarrisbiirK.  Pa ( 

Susquehanna  River,  ( 

at  Harrisburg,  Pa i 

Ohio  River, 

at  Wheeling,  W.  Va 

Ohio  River, 

at  Wheelina.  W.  Va 

Republican  River, 

at  Bostwick,  Neb , 

Tennes.see  River, 

at  Chattanoofja,  Tenn. . 
Ohio  River, 

at  Pittsburgh.  Pa 

Mkssissippi  River,  I 

at  Aiioka.  .Minn j' 

Illinois  River. 

at  Peoria,  111 

Alabama  River, 

at  Selma,  Ala 


702  380 

530  810 

323  462 

225  (HX) 

205  750 

171  570 

79  040 

59  841 

56  900 

44  070 

37  000 

36  085 

35  700 

25  000 

24  800 
^  0.30 

24  0») 

SI&  800 

2:i  800 

22  300 

21  .382 

19  100 
17  100 

15  700 
15  400 


1 

1.13 

1.64 

0.67 

7.00 

2.10 

2.66 

3.8 

0.83 

2.50 

3.33 

3.32 

2.26 

1.70 

0.95 
30.6 

30.6 

20.8 

19.00 

1.10 

34.37 

22. 9S 
2.87 

3.06 
9.6 


June,  1883 

June,  1883 

Apr.,  1881 

June,  1909 

Feb.,  1884 

June,  1883 

June,  1880 

May  31,  lOaS 

May  15, 1905 

Apr.,  1881 

Apr.  7,  1900 

Apr.  29,  1881 

Apr.,  1897 

Apr.,  1897 

June  26,  1899 
June,  1889 

Mar.,  1865 

Feb.  7,  1884 

Mar.,  1907 

July  4,  1905 

Mar.  11,  1867 

Mar.  1.5,  1907 
Apr.,  1897 

Mar.  28,  1904 
Jan.  19,  1892 


6  (1880-85) 
6  (1880-85) 
6  (1880-85) 

11  (1902-12) 
6  (1880-85) 
6  (1880-85) 
6  (1880-85) 

25  (1881-05) 

12  (1895-06) 
6  (1880-85) 
9  (1896-04) 

46  (1867-12) 

48  (1867-12) 

31  (1882-12) 

11  (1896-06) 
41  (1865-05)  ) 

41  (1865-05)  I 

22  (1884-05) 

28  (1884-11) 

11  (1896-06) 

38  (1867-04) 

30  (18R4-13> 
Q  (  (18'.)7  and  / 
")    19<J.5-12)    f 

16  (1890-05) 

14  (1891-04) 


(30) 
(80) 
(30) 

(6) 
(30) 
(30) 
(30) 

(1) 
(14) 
(80) 

(1) 
(1)  and  (25) 
(1)  and  (25) 

(25) 

(14) 

(1) 

(1) 

(2) 

(14) 

(^) 
(33) 
(25) 

(1) 
(1) 


*  A  list  of  these  authorities  is  given  at  the  end  of  this  table. 
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TABLE  31.— (Continued.) 


a 

i^  t'  a 

aj  «  P 

S  ft* 

stream  and  locality. 

Mifc- 

~£cr 

Date  of  Hood. 

Number  of 
years  observed. 

Authority. 

eS  eS 

a  3 

2  3  ^ 

■s.s§ 

c8       O 

S       S 

Minnesota  River, 

near  Mankato,  Minn 

14  600 

3.00 

June,  1908 

10  (1903-12) 

(25) 

Loup  River, 

at  Columbus,  Neb 

13  540 

5.17 

June  6,  1896 

12  ( 1895-0(5) 

(1) 

Sacramento  River, 

at  Red  BluflF,  Cal 

10  400 

24.43 

Feb.,  1909 

11  (1902-12) 

(8) 

Sacramento  River, 

at  Jelly's  Ferry,  Cal 

10  200 

12.05 

Mar,,  1900 

8  (1895-02) 

(8) 

Connecticut  River, 

at  Hartford,  Conu 

10  234 

20.0 

May,  1854 

105  (1801-1905) 

(1) 

Susquehanna  River. 

at  Wilkes-Barre,  Pa 

0  810 

22.2 

May  2,  1902 

7  (1899-tl5) 

(1) 

Potomac  River,                   1 
at  Point  of  Rocks,  Md.  f 

9  654 

48.9 

June  2,  1889 

18  (1889-06)  1 

Potomac  River,                   ( 
at  Point  of  Rocks,  Md.  f 

9  654 

22.66 

Mar.,  1902 

18  (1889-06)  \ 

(l)and  (17) 

Blue  River, 

near  Manhattan,  Kans.. 

9  490 

7.25 

May,  1903 

9  (1895-03) 

(19) 

Allegheny  River. 

at  Kittanning,  Pa 

9  010 

26.66 

Mar.  20,  1905 

8  (1904-11) 

(22) 

Grand  River, 

at  Palisade.  Colo 

8  546 

4.88 

June  5,  1905 

4  (1902-05) 

(1) 

Smoky  HUl  River, 

at  Ellsworth.  Kans 

7  980 

2.63 

July,  1895 

9  (1895-03) 

(19) 

Gunnison  River, 

at  Whitewater,  Colo 

7  863 

3.67 

June  5,  1905 

4  (1902-05) 

(1) 

Penobscot  River, 

at  Bangor,  Me 

7  700 

14.94 

Apr.  10,  1901 

35  (1875-09) 

(10) 

Savannah  River, 

at  Augusta,  Ga 

7  500 

40.00 

Sept,  11,  1888 
Jan,  8,  1841 

66  (1840-05) 
120  (1786-1905)  f 

(1) 
(1) 

Delaware  River,                 I 
at  Lambertville,  N.  J. .  ( 

6  855 

37.14 

Delaware  River,                  | 

120  (1786-1905)  f 

at  Lambertville,  N.  J..  )" 

6  855 

32.62 

Junf  8,  1862 

Chippewa  River, 
at  Eau  Claire,  Wis 

6  740 

9.(:mj 

June  8,  1905 

4  (liK)2-05) 

(1) 

Cedar  River, 

at  Cedar  Rapids,  la 

6  32(1 

3.75 

Mar.,  1910 

3  (1909-11) 

(4) 

Rock  River, 

below  Rockton,  111 

6  290 

4.31 

Mar,,  1904 

7  (1903-09) 

(4) 

Fox  River, 

at   Rapide  Croche  Daii;, 

Wis 

6  2i)() 

2.49 

June,  lS9o 

10  (1895-04) 

(18) 

Niobrara  River, 

near  Valentine,  Neb 

n  070 

1.15 

July  18,  1903 

7  (lU01-()7) 

(14) 

St.  Croix  River,                  i 

near  St.   Croix    Falls,  V 
Minn ) 

5  930 

5.65 

May,  1912 

„(  (1902-051 
' )  1910-12) j 

(25) 

Monongahela  River, 

at  Lock  No.  4,  Pa 

Red  Lake  River, 

5  430 

38.12 

July  11,  1888 

20  (1880-05) 

(1) 

at  Crookston,  Minn 

5  320 

2.67 

Apr.,  1906 

12  (1901-12) 

(25) 

Flint  River, 

at  Albany,  Ga 

5  000 

7.79 

Feb   17,  1905 

4  (190'2-05) 

(16) 

Grand  Kiver, 

at  Grand  Rapid.s,  Mi«h. 

4  900 

8.04 

Mar.  27,  1904 

Indefinite 

(2) 

Merrimac  River, 

at  Lawrence,  Mass 

4  ,563 

18.04 

Mar,,  1896 

59  (1846-04) 

(15) 

Mississippi  River, 

above  Sandy  River,  Minn. 

4  510 

2.12 

Sept.,  1900 

18  (1895-12) 

(25) 
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TABLE  S7.— (Continued.) 


Mr. 
Kuichling. 


fl 

Ml.  fl 

t;   4,   B 

'  00 

a  0.9} 

Xi       t. 

m  4)  a 

Stream  and  locality. 

a!  C 

flStt 

Date  of  Hood. 

Number  of 
years  observed. 

Authority. 

OS  a 

a  3 

Max 

in 
secon 

Hudson  River, 

at  Mechanicville,  N.  Y. . . 

4  5U0 

26.67 

Mar.  28.  1913 

26  (1888-13) 

(37) 

Kennebec  River. 

at  Waterville,  Me 

4  270 

35.36 

Dec.  16,  1901 

14  (189:W)6) 

(15) 

Oconee  River. 

at  Dublin.  (Ja 

4  182 

8.35 

Feb.  12.  1903 

8  (18'.»8-05) 

(16) 

Pit  River. 

near  Bieber,  Cal 

4  040 

6.81 

Mar..  1907 

5  (1904  08) 

(8) 

Coosa  River, 

at  Rome.  Ga 

4  006 

16.02 

Dec  31,  1901 

7  (1897-03) 

(16) 

Neosho  River, 

at  lola.  Kans 

3  070 

20.3:i 

July  10,  1904 

9  (1896-04) 

(2) 

Feather  River, 

at  Oroville.  Cal 

3  640 

51.37 

Mar.,  1907 

11   (1902-12') 

(8) 

Crow  Wing  River,              ( 
near  mouth,  Minn f 

3  580 

2.85 

Apr.,  1897 

„  (  (1882,  1884  / 
•^"l  and  1897)   ( 

(25) 

Mohawlf  River, 

at  Cohoes,  N.  Y 

3  472 

28.50 

Mar.  27,  1913 

26  (1888-13) 

(37) 

Chattahoochee  River. 

at  West  Point,  Ga 

3  :W0 

26.86 

Dec.  30, 1901 

10  (1810-05) 

(16) 

Wabash  River, 

at  Lojcansport,  Ind 

3  103 

17.99 

Mar.  87,  1904 

21  (1885-05) 

(2) 

Klamatti  River, 

at  Keno.  Ore 

3  150 

2.68 

June,  1904 

7  (1904-10) 

(6) 

Link  River, 

at  Klamath  Falls,  Ore. . . 

3  110 

2.90 

Mar.,  1904 

7  (1904-10) 

(6t 

Verdigris  River. 

at  Liberty,  Kans 

3  0(i7 

16.45 

July  8,  1904 

10  (1895-04) 

(2) 

Shenandoah  River, 

at  Uillville,  W.  Va 

2  995 

46.65 

Oct.,  1896 

12  (189.5-06) 

•  17) 

Catawba  River, 

near  Rock  Hill,  S.  C 

2  987 

50.50 

May  23,  1901 

9  (1895-a3) 

(34) 

Hudson  River, 

at  Glens  Falls,  N.  Y 

2  700 

£5.36 

Mar.  28,  1913 

15  (1899-13) 

(37) 

Saline  River. 

at  Beverly,  Kans 

2  730 

5.86 

June,  1896 

9  (1895-03) 
13  (1898-10) 

(19) 

New  River.                           i 
at  Radford,  Va \' 

2  725   -J 

63.78 
63.37 

Oct.,  19fK)  ( 
May,  1901  (' 

(21(-() 

Savannah  River,                 j 

near     Calhoun     Falls,  r 

S.  C ) 

2  712 

27.76 

Feb.  14.  1900 

„  1  (189*5-1900/ 
**  ♦      &  1903)    1 

(16) 

Kennebec  River. 

bet.  Forks  &  Waterville. 

2  7(HJ 

48.56 

Dec.  16,  1901 

14  (189.3-06) 

(I5i 

Wisconsin  River, 

near  Merrdl.  Wis 

2  630 

8.02 

Sept.  16,  1903 

4  (1902-05) 

(18) 

Sanpamon  River. 

at  Rivertoii,  111 

2  560 

7.50 

Oct.,  1911 

4  (1908-11)   . 

(4) 

Elkhom  River, 

near  Norfolk,  Neb 

2  470 

3.24 

May  30,  1903 

8  (1896-03) 

(14) 

Chemung  River, 

at    Chemung.  N.  Y 

2  440 

21.52 

Mar.  28,  1913 

11   (190.3-13) 

(:«•) 

Ocmulgee  River, 

at  Macon,  Ga 

2  425 

20.97 

Mar.  1,  1902 

13  (1893-05) 

(16) 

Menominee  River, 

near   Iron    Mountain, 

.Mich 

2  415 

4.87 

May,  1904 

4  (1902-05) 

(18) 

Genesee  River, 

at  Rochester,  N.  Y 

2  365 

17.42 

Mar.  28,  1913 

22  (1892-13) 

(37) 

Kern  River. 

at  Bakersfleld,  Cal 

2  345 

4.05 

June,  1906 

19  (189&-11) 

(7) 
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TABLE  37.— (Continued.) 


6 

a 

'  03 

CS  p.<I> 

S  ^ 

•fi      b 

stream  and  locality. 

fee 

C  3 

Q 

.S  "-a 

Date  of  flood. 

Number  of 
years  observed. 

Authority. 

Androscoggin  River, 

at  Rumford  Falls,  Me... . 

2  320 

23.81 

Apr.  22,  1895 

13  (1893-04) 

(15) 

N.  Fork  Feather  River, 

at  Big  Bt^nd,  Cal 

1  940 

56.34 

Mar.  19,  1907 

6  (1905-10) 

(8) 

American  River, 

at  Fair  Oaks,  Cal 

1  910 

55.00 

Mar.,  1907 

9  (1904-12) 

(8) 

W.     Branch     Penobscot 

River,  at  Millinocket,  Me. 

1  880 

12.90 

Apr.  1,  1903 

9  (1901-09) 

(10) 

Kings  River. 

near  Sanger,  Cal 

1  740 

25.25 

Jan.,  1901 

18  (1895-12) 

(7) 

Kiskiminetas  River, 

at  Avonmore,  Pa 

1  720 

39.10 

Mar.,  1908 

5  (1907-11) 

(22) 

Allegheny  River, 

at  Red  House,  N.  Y 

1  640 

25.00 

Mar.  2,  1910 

8  (1904-11) 

((1879-82)") 

..}  (189.5-01)  [ 

'*'^       and      r 

[(1907-13)  J 

(22) 

San  Joaquin  River,           ( 
at  Hamptonville,  Cal. .  f 

1  637 

36.53 

Jan.,  1881 

(7) 

Oostanaula  River,              ( 
at  Resaca,  Ga f 

1  614 

14.88 

Mar.  17,  1899 

1     (1896-    ) 

7-^  190]  and  V 

1     1905)      ) 

(16) 

Kennebec  Kiver, 

at  Forks,  Me 

1  570 

12.67 

Dec.  16,  1901 

6  (1901-06) 

(15) 

S.  Fork  Shenandoah  River. 

near  Front  Roval,  Va.. . . 

1  570 

48.92 

Mar.,  1902 

8  (1899-06) 

(ir) 

Chattahoochee  River, 

at  Oakdale.  Ga 

1  560 

31.28 

Dec.  30.  1901 

10  (1895-04) 

(16) 

Catawba  River, 

at  Catawba,  N.  C 

1  535 

61.89 

Ma^'  23,  1901 

10  (1896-05) 

(34) 

Tuolumne  River, 

at  Lagrange,  Cal 

1  500 

35.07 

Jan.,  1911 

18  (1895-12) 

(7) 

S.  Branch    Potomac) 

i  (1894-5)    ) 
8^  (1899-01)  y 

River,  near  Springfield,  V 

1  440 

17.81 

Mar.,  1900 

(17) 

W.  Va i 

i  (1904-06)  \ 

Genesne  River, 

at  Mt.  Morris,  N.  Y 

1  410 

12.52 

Mar.  27,  1913 

22  (1892-13) 

(37) 

Cheat  River, 

at  -Morgantown,  W.  Va. . 

1  380 

30.29 

Jan.,  1911 

13  (1899-11) 

(22) 

Tygart  Valley  River, 

at  Feltermao,  W.  Va 

1  327 

26.36 

Jan  ,  1911 

5  (1907-11) 

(22) 

Youghiogheny  River, 

at  Connellsville,  Pa 

1  330 

27.50 

June,  1910 

4  (19(J8-11) 

(23) 

Chagres  River, 

at  Gatun,  Panama 

1  320 

93.9 

Dec.  28,  1909 

20  (1894-13) 

(32) 

Mohawk  River, 

at  LitMe  Falls,  N.  Y 

1  306 

26.65 

Mar.  27,  1913 

16  (1898-13) 

(37) 

Cache  Creek, 

at  Yolo,  Cal 

1  230 

16.34 

Feb.,  1909 

10  (1903-13) 

(8) 

Yuba  River, 

near  Smartsville,  Cal 

1  220 

90.91 

Jan.,  1909 

10  (iao:i-13) 

(8) 

Raquette  River, 

at  Massena  Springs,  N.  Y. 

1  170 

9.40 

May.  1909 

8  (1904-11) 

(5) 

E.    Branch    Penobscot 

River,  at  Grindstone,  Me. 

1  100 

23.36 

Sept.  29.  1909 

8  (1902-09) 

(10) 

Merced  River, 

near  Merced  Falls,  Cal.. 

1  090 

34.13 

Jan.,  1911 

11   (1901-11) 

(7) 

French  Creek, 

at  Carlton,  Pa 

1  070 

22.93 

Mar.  1910 

4  (1908-11) 

(22) 

Sacandaga  River. 

at  Hadley,  N.  Y 

1  060 

27.36 

Mar.  28,  1913 

7  (1907-13) 

(37) 
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Mr. 
Kuichling. 


_o 

-03 

«a£ 

(B_ 

o«  as 

Stream  auJ  locality. 

Q 

Maximum  dis 

in  cubic  fee 

second  per  squ 

Date  of  flood. 

Number  of 
years  observed. 

Authority. 

Scioto  River, 

at  Columbus,  0 

1  047 

80.82 

Mar.  25,  1913 

Indefinite. 

(39) 

N.  Fork  Shenandoah  River. 

near  Riverton,  Va 

1  037 

20.86 

Apr.,  1901 

8  (1899-06) 

(17) 

Flint  River. 

near  Woodbury,  Ga 

988 

30.62 

Feb.  28, 1902 

6  (1900-05) 

(16) 

Truckee  River, 

near  State  line,  Cal 

955 

16.02 

Mar..  1907 

14  (1899-12) 

(6) 

Stanislaus  River, 

at  Kiiicrht's  Ferry,  Cal.. . 

935 

61.18 

Mar.,  1907 

10  (1903-12) 

(7) 

Clarion  River. 

at  Clarion.  Pa 

910 

43.20 

Mar.,  1S05 

27  (1885-11) 

(22) 

Schoharie  Creek, 

at  Fort  Hunter,  N.  Y 

909.3 

44.56 

Mar.  27.  1913 

16  (1898-13) 

(37) 

Schoharie  Creek, 

at  Fori  Hunter,  N.  Y.... 

900.0 

55.11 

Mar.  21.  1901 

16  (1898-13) 

(37) 

Youtrhiotjheny  River, 

below  Confluence.  Pa 

874 

52.63 

Aug.  21.  1888 

32  (1874-05) 

(1) 

Dead  River, 

near  The  Forks,  Me 

870 

20.74 

May,  1904 

5  (1902-06) 

(15) 

Minnesota  River, 

above  Whetstone  River, 

Minn 

846 

0.11 

Mar..  1903 

6  (1899-04) 

(25) 

Kettle  River. 

near  Sandstone,  Minn... . 

825 

7.15 

May,  1912 

4  (1909-12) 

(25) 

Passaic  River. 

at  Dundee,  N.  J 

823 

38.16 

Oct.  10,  1903 

95  (1810-^)5) 

(24) 

Raritan  Kiver. 

at  Bound  Brook,  N.  J... . 

806 

64.52 

Sept.  24. 1882 

96  '1810-05) 

(1) 

Putah  Creek. 

at  Winters,  Cal 

805 

37.27 

Mar.,  1907 

8  (1905-12) 

(8) 

North  River, 

at  Port  Republic,  Va 

804 

29.69 

Sept.,  1896 

5  (1895-99) 

(17) 

Hudson  River, 

at  North  Creek,  N.  Y. . . . 

804 

35.08 

Mar.  28,  1913 

7  (1907-13) 

(37) 

Chapies  River. 

at  Bohio.  Panama 

779 

115.5 

Dec.  27,  1909 

20  (1894-13) 

(32) 

Broad  River. 

near  Carlton,  Ga 

762 

38.22 

Feb.  28,  1902 

9  (1897-05) 

(16) 

West  Fork  River. 

at  Enterprise,  W.  Va 

744 

23.67 

.Jan.,  1911 

5  (1907-11) 

(22) 

Bisr  Muddy  River, 

near  Cambon,  III 

735 

14.97 

May,  1911 

4  (1908-11) 

(4) 

Santa  Ynez  River,              ( 
near  Lompoc,  Cal f 

725 

28.14 

Mar.,  1911 

.    1  (1906-08)  ( 
^   1  (1910-12)  f 

(0) 

Raquette  River, 

at  Piercefield,  N.  Y 

723 

8.13 

May.  1911 

4  (1908-11) 

(5) 

Little  Tennessee  River, 

at  .ludson,  N  C 

675 

85.3 

Dec.,  1901 

15  (1896-10) 

(21) 

Monoeacy  River, 

near  Frederick.  Md 

660 

31 .00 

Mar.,  1902 

11   (1896-06) 

(17) 

Mokelumne  River, 

near  Clements,  Cal 

642 

20.0] 

•Ian.,  1911 

8  (1905-12) 

(7) 

MoCloud  River, 

near  Gregory,  Cal 

608 

68.26 

Mar.,  1904 

7  (1902-08) 

(8) 

Hoosic  Kiver. 

at  Johnsonville,  N.  Y 

605 

38.01 

Mar.  28,  1918 

11   (li»(i:i-13) 

(37) 

Etowah  River, 

at  Canton,  Ga 

604 

28.30 

Dec.  29, 1901 

9  (1896-04) 

(16) 
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Mr 

XAJBI^J 

i    41  — 

-{Uontt7iuea.) 

Euichling. 

a 

,       4J 

1)       S 

b  «  ^ 

2  ttffl 

d  0) 

Xi       u 

?S 

O  ji  c3 

Stream  and  locality. 

53i 

to  a)  3 

.S  o-o 

Date  of  flood. 

Number  of 
years  observed. 

Authority. 

Stony  Creek  River. 

near  Kruto,  Cal 

601 

48.75 

Feb.,  1909 

12  (1901-12) 

(8) 

Tugaloo  River, 

near  Madison,  S.  C 

593 

36.86 

July  1,  1905 

8  (18984)5) 

(Ifi) 

Conevvango  Creek, 

' 

at  Frewsburg,  N.  Y 

550 

20.95 

Jan.,  1911 

3  (1910-11) 

(22) 

Santa  Catariua  River, 

at  Monterey,  Mex 

544 

590.00 

Aug.  27,  1909 

Indefinite. 

(35) 

Coosawattee  River, 

at  Carters,  Ga 

.531 

31.92 

May  21,  1901 

10  (1896-05) 

(16) 

Cosumnes  River, 

at  Michigan  Bar,  Cal 

.524 

42.75 

Jan.,  1911 

6  (1907-12) 

(") 

Truckee  River,                    1 
at  Tahoe.  Cal j 

519 

2.60 

July,  1907 

,,    \  (1895  and  1 
^■^    ■(    1900-12)    ( 

(6) 

Olentangy  River. 

at  Columbus,  0 

514 

70.00 

Mar.  25.  1913 

Indefinite. 

(39) 

N.  Fork  Feather  River, 

below  Pratt ville,  Cal 

506 

19.47 

Mar.,  1907 

6  (1905-10) 

(8) 

Deerfield  River, 

at  Shelburne  Falls,  Mass. 

501 

42.51 

Apr.  15.  1909 

4  (1907-10) 

(12) 

Cache  Creek, 

at  Lower  Lake,  Cal 

500 

8.68 

Feb  ,  1909 

12  (1901-12) 

(H) 

Ausable  River, 

at  Ausable  Forks,  N.  Y . . 

487 

45.17 

Mar.  27,  1913 

(37) 

Cattaraugus  Creek. 

at  Versailles,  N.  Y 

467 

53.53 

Mar.  25,  1913 

(37) 

Tionesta  Creek, 

at  Nebraska  Pa 

451 

20.40 

Jan.,  1911 

2  (1910-11) 

(22) 

Cas^elman  River, 

at  Confluence,  Pa 

448 

43.89 

Mar.,  1907 

7  (1905-11) 

(23) 

Battenkill. 

at  Greenwich,  N.  Y 

444 

21.65 

Mar.  28,  1913 

3  (1911-13) 

(37) 

Whetstone  River,               ( 
at  Bigstone,  S.  D j" 

441 

3.95 

Apr.,  1910 

a    \  (1899-04)  (. 
^    )  (1910-13)  i 

(25) 

Apalachee  River, 

near  Buckhead,  Ga 

440 

15.19 

Mar.  1,  1902 

5  (1901-05) 

(16) 

Youghiogheny  River, 

at  Confluence,  Pa 

435 

52.07 

Mar.,  1907 

7  (1905-11) 

(32) 

Chagres    River, 

at  Alhajuela,  Panama. . . 

437 

398.1 

Dec.  36,  1909 

20  (1894-13) 

(32) 

S.  Fork  Sangamon  River, 

at  Taylorville,  111 

427 

9.70 

Sept.,  1911 

4  (1908-11) 

(4) 

Rio  Mora, 

at  Weber,  N.  M 

422 

fi5.70 

Sept.  29,  1904 

(2) 

Mahoning  Creek, 

at  Furnace  Bridge,  Pa. . . 

-112 

30.51 

Feb.,  1910 

3  (1910-11) 

i         (23) 

Hiwassee  River, 

at  Murphy.  N.  C 

410 

54.. 54 

Mar.  19,  1899 

9  (1897-05) 

;       (lt>) 

N.  Branch  Potomac  River 

1 

at  Piedmont,  W.  Va 

410 

32. 8( 

Feb.,  1902 

8  (1899-(.H)) 

(17) 

Tygart  Valley  River, 

at  Belington,  W.  Va 

403 

40.88 

July,  1907 

5  (1907-11) 

(22) 

Mohave  River, 

at  Victorville,  Cal 

400 

33.53 

Mar.,  1903 

7  (1899-05) 

(R) 

Pacolet  River, 

at  Spartansburg,  S.  C... 

'<         400 

88. 9( 

June  6,  1903 

(19) 

Calaveras  River, 

at  Jenny  Lind.  Cal 

395 

176.20 

Jan.,  1911 

6  (1907-13) 

(7) 

Middle  Oconee  River, 

near  Athens,  Ga 

395 

49.52 

Feb.  28,  1902 

2  (1901-02) 

(16) 
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Mr. 
Kuicbling. 


g 

0) 

v£ 

J  ft® 

St  roam  and  locality. 

.2  y  3 

=5i  cr 
5  on 

K  -  C 

a.z  0 

CO 

Date  of  Hood. 

Number  of 
years  observed . 

Authority. 

Black  Lick  Creek. 

at  Black  Lick,  Pa 

886 

50.82 

Mar..  1905 

8  (1904-11) 

(22) 

E.  Fork  Carson  River.       ( 
nearGardnerville.  Nev.  i" 

381 

8.69 

Feb..  1904 

...    \  1890-91  1 
'"    )  19(K)-10  f 

(6) 

Ponipton  River. 

at  Two  Briiiges,  N.  J 

380 

61.60 

Oct.  10.  1903 

(1) 

Rondout  Creek. 

at  Rosendale,  N.  Y 

380 

.51.34 

Apr.  26.  1910 

12  (1901-12) 

(9) 

Esopus  Creek, 

at  Mt.  Marion.  N.  Y 

378 

65. :w 

Apr.  26.  1910 

6  (1 '.107- 12) 

(9) 

W.  Canada  ('reek, 

at  Trenton  Falls,  N.  Y  . . 

376 

06.54 

Dec.  15.  1901 

16  (1898-13) 

(37) 

W.  Canada  Creek, 

at  Trenton  Falls,  N.  Y  . . 

376 

69.15 

Mar.  28.  1913 

10  (1898-13) 

(87) 

W.  Canada  Creek, 

at  Hinckley.  N.  Y 

372 

104.57 

Apr.  21,  1869 

45  (1869-13) 

(37) 

Carrabassett  River, 

at  N.  Anson,  Me 

340 

40.21 

May,  1904 

5  (1902-06) 

(15) 

Silver  Creek, 

near  Lebanon,  111 

m& 

16.64 

May,  1908 

4  (1908-11) 

(4) 

San  Luis  Rev  River. 

near  Pala,  Cal 

318 

40.88 

Mar.,  1906 

8  (190:«1) 

(6) 

Oil  Creek. 

at  Rouseville.  Pa 

302 

27.71 

Mar.,  1910 

2  (1910-11) 

(22) 

Antietam  Creek. 

near  Sharpsburg.  Md 

29.T 

23.17 

Feb.,  1902 

9  (1897-05) 

(17) 

Youiihioerheny  River. 

at  Friendsville,  JId 

294 

27.76 

Mar..  1904 

6  (1899-04) 

(32) 

Brokenstraw  Creek. 

at  Youngsville,  Pa 

290 

24.50 

Mar,,  1910 

2  (1910-11) 

(22) 

Mscataquis  River, 

at  Foxcroft,  Me 

286 

77.62 

Sept.  29,  1909 

S  (l'.H)2-09) 

(10) 

Crooked  Creek, 

at  Hileman's  Farm,  Pa. 

279 

43.37 

Sept.,  1911 

2  (1910-11) 

(22) 

Nottely  River, 

at  Ranger,  N.  C 

272 

20.81 

Feb.  28,  1902 

5  (1901-05) 

(16) 

Miller  Creek. 

near  Lovella,  Ore 

270 

24.93 

Feb.,  1907 

9  (1904-12) 

(6) 

Tule  River. 

near  Portersville,  Cal... 

266 

2((.41 

Dec.  1909 

12  (1901-12) 

(7) 

Bear  River, 

at  Van  Trent,  Cal 

263 

98.10 

Mar..  1907 

9  (1904-12) 

(8) 

Salmon  River, 

at  Pulaski,  N.  Y 

260 

41.65 

Mar.  27.  1913 

16  (1898-1913) 

(87) 

Cahokia  Creek, 

near  Poag,  Til 

259 

13.90 

Oct..  1911 

3  (1909-11) 

(4) 

East  Canada  Creek, 

at  Dolceville,  N.  Y 

256 

54.30 

Mar.  27,  1913 

16  (1898-13) 

(37) 

Susan  River. 

at  Susanville,  Cal 

2.56 

7. as 

Mar.,  1903 

0  (1900-05) 

(6) 

South  River. 

at  Port  Republic,  Va 

246 

37.40 

Sept.,  189<; 

5  (189.5-99) 

(17) 

Cobbosspoontee  Stream. 

at  Gardiner,  Me 

240 

13.65 

Mar.,  19(« 

17  (1890-0()) 

(15) 

Esopus  Creek, 

at  Olivebridge,  N.  Y 

239 

64.39 

Apr.  20,  1910 

7  (19(r>-12) 

(9) 

Toccoa  River. 

near  Blueridge,  Ga 

231 

53.20 

Aug.  23,  1901 

6  (1898-03) 

(16) 

Alcovy  River, 

near  Covington,  Ga 

228 

9.. 52 

Feb.  28,  1902 

4  (1901-04) 

(16) 
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TABLE  37.— (Continued.) 


stream  aud  locality. 


San  Gabriel  River, 

near  Azusa,  Cal 

Sapella  River, 

near  Lns  Alamos,  N.  M. . 
Arroyo  Seco, 

near  Soledad,  Cal 

N.  Branch   French  Creek, 

at  Kimmeytown,  Pa 

Catskiil  Creek, 

atS.  Cairo,  N.  Y 

Santa  Ynez  River,  J 

near    Santa    Barbara,  > 

Cal ( 

Fishkill  Creek, 

at  Glenham,  N.  Y 

Tallulah  River,  [ 

at  Tallulah  Falls,  Ga. .  ) 
Santa  Ana  River, 

near  Mentone,  Cal 

E.  Branch  Fish  Creek, 

at  Taberg,  N.  Y 

Kinzua  Creek, 

at  Dewdrop,  Fa 

Ramapo  River, 

at  Pompton,  N.J 

Rio  Mora, 

below  Mora,  N.  M 

Turtle  Creek, 

at  East  Pittsburgh,  Pa. . . 
Oriskany  Creek, 

at  Oriskany,  N.  Y 

Devil's  Creek, 

near  Viele,  la 

Santa  Ysabel  Creek, 

near  Esconitido,  Cal 

Laurel  Hill  Creek 

at  Conrtuence,  Pa   

Rockan  ay  River, 

at  Boonton,  N.J 

Lewistown  Reservoir, 

Outlet,  Ohio 

Onondaga  Creek, 

at  Sjracuse.  N.  Y 

E.  Branch  Kish  Creek, 

at  Point  Rock,  N.  Y 

Little  Stony  Creek, 

near  Lodoga,  Cal 

Wanaque  River, 

at  Pompton,  N.J 

Putah  Creek, 

near  Guenoc,  Cal 

Butte  Creek, 

near  Butte  Valley,  Cal. . 
Loramie  Reservoir  Outlet 

Ohio 

W.  Fork  Carson  River, 

at  VVood  fords,  Cal 

Pequannock  River, 

at  Macopin,  N.  J 


a 


222 
221 
215 
212 
210 
207 

198 
191 

182 

169 

162 

160 

159 

146 

114 

143 

128 

126 

118 

111 

108 

104.3 

102 

101 

91 

73 

72 

70 

62 


^  a)  c 
S  0,« 


56.31 
36.67 
61.86 
43.35 
100.00 
45.65 

69.19 
40.63 

26.97 
65.09 
19.94 
65.88 
139.70 
64.21 
51.0 
1  300.0 
50.78 
40.00 
48.85 
57.66 
30.00 
80.54 
69.22 
83.61 
198.90 
22.47 
97.22 
22.43 
90.84 


Date  of  flood. 


Jan.,  1910 
Sept.  29,  1904 
Mar.,  1911 
Jan.,  1911 
Spring,  1901 
Jan.,  1907 

Mar.  1,  1902 
Dec.  29.  1901 

Apr.,  1903 
Mar.  27.  1913 

Mar.,  1910 
Sept.  22,  1882 
Sept.  29,  1904 

Mar.,  1904 
Dec.  16,  1901 
June  10,  1905 

Jan.,  1909 

Mar.,  1907 
Oct.  10,  1903 
Mar.  25,  1913 
Mar.  25,  1913 

Fall,  1897 

Feb.,  1909 
Oct.  10,  1910 

Mar.,  1904 

Jan.,  1909 
Mar.  25,  1913 

May,  1906 
Oct.  10,  1903 


Number  of 
years  observed. 


19  (1894-12) 

13  (1901-12) 

2  (1910-11) 

„    j  19f>4-07  I 
"   1  1911-12 f 

3  (1901-03) 

.) (1900-01) I 
*  I  (1904-05)  f 

11  (1902-12) 

16  (1898-13) 

2  (1910-11) 


Indefinite. 

7  (1898-04) 

7  (1906-12) 

7  (1905-11) 

Indefinite. 
Indefinite. 
Indefinite. 

5  (1908-12) 
Indefinite. 

8  (1904-06) 

6  (1905-10) 
Indefinite. 

12  (1900-11) 
Indefinite. 


Authority. 


(6) 

(2) 

(6) 
(22) 
(2r) 

(6) 

(21) 
(16) 

(6) 
(37) 
(22) 
(24) 

(2) 
(26) 
(27) 

(1) 

(6) 
(22) 
(24) 
(38) 
(37) 
(27) 

(8)' 
(24) 

(8) 

(8) 
(38) 

(6) 
(20) 
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Mr, 
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H 

^S§ 

ii 

Stream  and  locality. 

•S.E§ 
1     S 

Date  of  tlood. 

Number  of 
years  observed. 

Authority. 

N.  Fork  Cottonwood  Creek, 

at  Ono,  Cal 

.52 

77.70 

Feb..  1909 

6  (1907-12) 

(8) 

Kosk  Creek, 

near  Henderson,  Cal 

51.9 

44.32 

Apr,.  1911 

2  (1910-11) 

(8) 

Six  Mile  Creek, 

at  Ithaca,  N.  Y 

46.0 

185.0 

June  21,  1905 

Indefinite. 

0) 

Elkhoin  Creek, 

at  Keystone,  W.  Va 

44.0 

1  363.0 

June  22,  1901 

Indefinite. 

(34) 

Basic  Creek, 

at  Freehold,  N.  Y 

41.0 

81.22 

Spring,  1901 

Indefinite. 

(27) 

Whippany  River, 

at  Whippauy,  N.J 

m.o 

84.20 

Feb.  6,  1896 

Indefinite. 

(24) 

Bear  (irass  Creek, 

at  [ji  luisville.  Ky 

27.5 

100.0 

Feb.  22,  1908 

Indefinite. 

(40) 

Peciuonriock  River, 

near  Bridgeport,  Conn.. 

25.0 

157.0 

July  29,  1905 

Indefinite. 

(1) 

Pinal  Creek, 

at  Globe,  Ariz 

25.0 

560. 

Aug.  17,  1904 

Indefinite. 

(2) 

Cane  Creek, 

at  Rakersville,  N.  C 

22.0 

1  341. 

May  20,  1901 

Indefinite. 

(34) 

Willow  Creek, 

near  Heppner,  Ore 

20.0 

1  800. 

June  14,  1903 

Indefinite. 

(19) 

Goodyear  Creek. 

at  (Joodyear  Bar,  Cal 

12.2 

96.72 

Jan.  30,  1911 

Indefinite. 

(3) 

Mill  Brook. 

at  Sherburne,  N.  Y 

9.4 

241.0 

Sept.  4,  1905 

Indefinite. 

(1)      ■ 

Camp  Branch, 

at  Ensley,  Ala 

7.43 

68.77 

June.  1909 

2  (1909-10) 

(11) 

Mill  Brook, 

at  Sherburne,  N.  Y 

5.0 

262.0 

Sept.  4.  1905 

Indefinite. 

(1) 

Reels  Creek, 

near  Deerfleld,  N.  Y 

4.42 

66.92 

June  21 .  19(J3 

4  (1901-04) 

(28) 

Venison  Branch, 

near  Mulga,  Ala 

3.87 

.5:3.49 

June,  1909 

2  (1909-10) 

(11) 

Kstanzuela  River. 

near  Monterey.  Mex 

3.50 

825.0 

Aug.  28,  1909 

Indefinite. 

(35) 

Starch  Factory  Creek, 

near  New  Hartford,  N.Y. 

3.40 

151.6 

July  11,  1905 

3  (1903-05) 

(29) 

Rio  Grancie. 

near  Culebra.  Panama. . 

2.36 

161.0 

May  2.5,  1911 

Indefinite. 

(32) 

Cherryvale  Creek, 

at  C'hei  ryvale,  Kans 

Budlong  Creek, 

2.00 

930.0 

Indefinite. 

(31) 

near  Utica,  N.  Y 

1.18 

120.40 

Mar.  2.5,  1904 

Indefinite. 

(2) 

Beacon  Brook. 

near  Fishkill.  N.  Y 

0.25 

3  200.00 

July  14.  1897 

18  (1896-13) 

(27) 

TI.     European  Streams. 

Elbe  River. 

at  Altengamm,  Germany 

Danube  River,                     1 

at  Vienna,  Austria —  l' 

60  600 

2.15 

Indefinite. 

(55) 

39  212 

8.86 

J     July  and     ( 
1  August,   1897  (■ 

Indefinite. 

(50) 

Po  River. 

at  Ponte  Lagosiuro, 

(Italy) 

27  027 

9.10 

Indefinite. 

(52) 

Elbe  River, 

atTorgau,  Saxony 

Elbe  River, 

22  f>40 

6.73 

Indefinite. 

(55) 

at  Tetschen,  Saxony — 

19  711 

7.98 

Sept.,  1890 

Indefinite. 

(50) 
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a 

S  <v 

5^2 

!>•— < 

^■s* 

Stream  and  locality. 

Drainage  ai 
square  m 

m  *>  j3 

Map 

eS—  o 

Date  of  flood. 

Number  of 
years  observed. 

Authority. 

Seine  River, 

at  Paris,  France 

16  859 

5.24 

Jan.  28.  1910 

Indefinite. 

(51) 

Weser  River,                       { 

14  640    1 

11.10 

Jan.,  1841 

Indefinite.  \ 

(41) 

at  Baden,  Germany...  i 

10.08 

Mar.,  1881 

Indefinite.  \ 

Moldau  River, 

at  Prague,  Austria 

10  404 

13.48 

Sept.,  1890 

Indefinite. 

(50) 

Main  River,                         | 
at      Frankfurt,      Ger-  J- 

\ 

13.00 

Jan.,  1312  / 

9  570  ■{ 

9.85 

Mar.  31,  1845  - 

570 

(57) 

many ) 

1 

9.84 

Nov.  37,  1882  ) 

Moselle  River, 

at  Trier,  Germany 

Weser  River, 

9  200 

17.28 

Indefinite. 

(47) 

at  Hoya,  Germany 

8  615 

12.30 

Jan.,  1841 

Indefinite. 

(41) 

Loire  River, 

at     juDction    with     the 

Allier.  France 

6  945 

36.44 

,  1846 

Indefinite. 

(62) 

Weser  River, 

at  Hameln,  Germany 

6  475 

15.01 

Jan.,  1841 

Indefinite. 

(41) 

AUer  River, 

at  Westen,  Germany. . . . 
Weser  River, 

5  881 

10.51 

Indefinite. 

(41) 

below    the     Diemel     at 

Karlshafen,  Germany. 

5  7.30 

15.71 

Jan.,  1841 

Indefinite. 

(41) 

(44) 

Durance  River,                   \ 

5r,4) 

37.08 

Nov  11,  1886 

7  (1882-88) 

at  Bonpas.  France f 

37.04 

,  1843 

Indefinite. 

(63) 

Glommen  River, 

at  Elverum,  Norway. . . . 

5  650 

15.63 

42  (1871-12) 

(60) 

Allier  River, 

at    junction     with     the 

Loire,  France 

5  548 

30.00 

,  1856 

Indefinite. 

(62) 

Aller  River, 

below  junction  with  the 

Leine  River,  Germany. 

5  302 

11.32 

Indefinite. 

(41) 

Little  Elbe  River, 

at  Brandeis,  Germany. . . 

5  052 

5.04 

Sept.,  1890 

Indefinite. 

(50) 

Weser  River, 

above    the    Diemel     at 

Karlshafen,  Germany. 

5  050 

16.44 

Jan.,  1841 

Indefinite. 

(41) 

Segura  River, 

in  Eastern  Spain 

4  830 

10.8 

Indefinite. 

(22) 

Durance  River, 

at  Mirabeau,  France 

4  533 

53.20 

Nov.  11,  1886 

Indefinite. 

(61) 

Allier  River, 

at  Nevers,  France 

4  500 

37.3 

Indefinite. 

(23) 

Vistula  River, 

at  Cracow,  Qalicia 

3  180 

34.7 

,  1813 

Indefinite. 

(55) 

Ems  River, 

below  Meppen, Germany. 

3  173 

8.43 

Dec.  1880 

Indefinite. 

(41) 

Mur  River, 

at  Graz,  Austria 

2  950 

13.0 

Indefinite. 

(55) 

Aller  River, 

above  junction  with  the 

Leine  River,  Germany. 

2  788 

10.45 

Indefinite. 

(41) 

Fulda  River. 

at  MUnden,  Germany... 

2  686 

25.64 

Jan.  18,  1841 

Indefinite. 

(41) 

Fulda  River, 

at  Kassel,  Germany 

2  600 

36.49 

Jan.  18,  1841 

Indefinite. 

(41) 

Rhine  River, 

at  entrance  to  Lake  Con 

stance,  Switzerland . . . 

2  555 

48.4 

Indefinite. 

(55) 
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Stream  ami  locality. 


Leine  River, 

above  junction  with  the 

Aller  River,  Germany. 

Leine  River,  / 

at  Hanover,  Germany,  t" 
Knis  River, 

at  Meppen.  Germanj' 

Rhone  River,  ) 

at    St.   Maurice,   Swit- v 

zerland \ 

GlatzerNeisse  River, 

at     junction     with     the 

Oder,  Germany 

Bober  River, 

at    Sagan,    Silesia.   Ger- 
many  

Oder  River. 

at  Sagan,  Sile.sia 

Moselle  River, 

at  Toul,  France 

San  River, 

Galicia,  Austria 

Eder  River. 

at     junction     with     the 

Fulda,  Germany 

Hase  River, 

at  Meppen,  Germany 

Verdon  River. 

at  junction  with  the  Du- 
rance, France 

Glatzer  Neisse  River, 

Silesia.  Germany 

Ardeche  River, 

at     junction    with     the 

Rhone,  France 

Eder  River, 

at  Felsberg,  Germany.. . 
Dreimel  River. 

at  Karlshafen,  Germany. 
Werre  River,  I 

at  mouth,  Germany...  f 
Eder  River. 

at  Hemfurt,  Germany.. . 
Buech  River. 

at     junction     with     the 

Durance,  France 

Schwalm  River, 

at     junction     with     the 

Eder,  Germany 

Innerste  River,  ( 

at  mouth,  Germany...  \ 
Bober  River, 

near  Mauer,  Silesia 

Fegnitz  River. 

at  Nuremberg,  Germany. 
Orne  River, 

at  Caen.  France 

Oker  River.  i 

near     Braunpch weig,  v 
Germany ) 


2  514 

2  032 

1  963 
1  812 

1  759 

1  640 
1  638 
1  430 
1  420 

1  298 
1  210 

932 
900 

831 

708 

681 
575 


498 
477 

467 
459 
449 
416 


w  a,  3 


g  o-o 


■H5; 


Date  (if  tiood. 


Number  of 
years  observed. 


Authority. 


12.29 

I    12.76 
}    16.25 

9.83J 

(    12.47 

1    17.40 


24.70 

4:^.7 
43.1 
19.77 
64.6 

35.37 
6.16 

62.90 
46.7 

382.48 

8.64 

40.45 
148.14 
(32.18 

58.0 


18.42 
(  15..5:i 
(24.74 

90.8 

:«.l 

19.67 

22.50 


Mar ,  1881 
,  1808 


Dec.  1880 


-.  1897 
-,  1856 


.Inly  2r).  1903 

July  31,  1897 

July  31,  1897 

Oct.  23,  1880 

,  1867 

Jan..  1841 
Dec,  1880 

Nov.  1,  1843 


-,  1827 


Nov.,  IS'.tO 
Feb.,  1799 
Nov.,  ]8'.)0 


Nov.  1,  1843 

Jan.,  1841 
Mar.,  1881 
,  1808 

July,  1897 

Feb.  (i.  19(19 

Oct.,  1880 
(  Mar.  11.   1881  , 
i  and 

July  12,  1898 


Indefinite. 
Indefinite. 
Indefinite. 

Indefinite. 

10  (1890-99) 
Indefinite. 


Indefinite. 


Indefinite. 
Indefinite. 
Indefinite. 

Indefinite. 

Indefinite. 

Indefinite. 

Indefinite. 


(41) 
(41) 
(41) 

(41) 

(44) 

(44) 


(44) 


Indefinite. 

(46) 

Indefinite.    • 

(58) 

Indefinite. 

(47) 

Indefinite. 

(55) 

Indefinite. 

(41) 

Indefinite. 

(41) 

Indefinite. 

.61) 

Indefinite. 

(22) 

Indefinite. 

(63) 

Indefinite. 

(41) 

Indefinite, 
liidelinite. 
liidetiniie. 

(41) 
(41) 
(41) 

Indefinite.    | 

(22) 

Indefinite. 

(61) 

f41) 

:     (41) 

(41) 
j         (59) 
(56)  and  (52) 
I        (62) 
1        (41) 
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a 

.     6 
fc-  a)  c 

r    r/j 

SS  P<£> 

05   QJ 

■O       u 

o« 

^aj* 

Stream  and  locality. 

Jig 
tat. 

M 

lag 

Date  of  flood. 

Number  of 
years  observed. 

Authority. 

Malapane  River, 

at   proposed    dam    site, 

(rGrrQcin  V 

403 

26.3 

Indefinite. 

(32) 

Hotzeoplotz  River, 

at     junction     with     the 

Oder.  Germany 

392 

76.94 

July  21, 1903 

Indefinite. 

(44) 

Ubaye  River, 

at     junction     with     the 

Durance,  France 

361 

127.12 

Nov.  1,  1843 

Indefinite. 

(61) 

Coulon  River, 

at     junction     with     the 

Durance,  France 

353 

100.33 

Nov.  1,  1843 

Indefinite. 

(61) 

Bleone  River, 

at     junction     with     the 

Durance,   France 

351 

115.71 

Nov.  1.  1843 

Indefinite. 

(61) 

Sill  Hiver, 

at  Innsbruck,  Austria. . . 

330 

9.63 

Indeflnile. 

(44) 

Moselle  River, 

at  Epinal,  France 

Asse  River, 

313 

90.46 

Indefinite. 

(47) 

at  junct.   with  the  Du- 

rance, France 

285 

111.53 

Nov.  1,  1843 

Indefinite. 

(61) 

Wupper  River  at  mouth, 

Westphalia,  Germany. . . 
Werre  River, 

240 

90.0 

Indefinite. 

(22) 

at  Herford,  Germany... 

238 

13.80 

Feb.,  1799 

Indefinite. 

(41) 

Wien  River, 

at  Vienna.  Austria 

216 

81.3 

Mar.  23.  1883 

Indefinite. 

(55) 

Ardeche  River, 

at  Vans,  France 

215 

525.63 

,  1890 

Indefinite. 

(63) 

Bober  River, 

at  Rohrlach,  Germany. . 

204.6 

160.1 

July  30,  1897 

Indefinite. 

(48) 

Queis  River, 

at  Lauban,  Germany 

187.4 

161.3 

July  30,  1897 

Indefinite. 

(46) 

Ardeche  River. 

at  Aubenas,  France 

178.0 

694.41 

,  1890 

Indefinite. 

(63) 

Aupa  River, 

near  Slatina,  Bohemia. . 

158.6 

73.46 

Indefinite. 

(22) 

Weisseritz  River, 

Saxony,  (Jermany 

148.0 

69.0 

July  31,  1897 

Indefinite. 

(48)' 

Bega  River, 

near  mouth,  Germany. . . 

147.0 

15.20 

Jan  ,  1881 

Indefinite. 

(41) 

Urtt  River,                          ) 

near  Heimbach,  West-  V 

phalia ) 

145.0 
145.0 

34.7 
24.4 

Before  1897 
,  1909 

Indefinite. 
Indefinite. 

(48) 

(22) 

Dreimel  River, 

at  Marsberg,  Germany. . 

131.0 

65.80 

Nov..  1890 

Indefinite. 

(41) 

Wupner  River, 

at  Barmen,  Germany 

123.0 

83.37 

Nov.  34,  1890 

Indefinite. 

(4(i) 

Queis  River,                          | 
at  Marklissa.  Germany  j 

118.0 

262.7 

AUiJ.  3.  1888 

Indefinite. 

(49) 

118.0 

333.3 

July  3u,  1897 

Indefinite. 

(46) 

Jfiispitz  Creek, 

at  Weirowitz,  Austria. . . 

90.7 

31.0 

Mar..  1888 

Indefinite. 

(54) 

Wupper  River. 

at      Dahihausen,       Ger- 

many...,.   

82.3 

83.3 

Nov.  24,  1890 

Indefinite. 

(48) 

Queis  River, 

at     Greiftenber?,     Ger- 

many   

78.0 

172.0 

July  »).  1897 

Indefinite. 

(48) 
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Mr. 
KuichliDK. 


Stream  and  locality. 


Wilga  Creek, 

near  Cracow,  Galicla. . . . 
Holster«itz  Creek, 

at  Gr.  OIkowitz,  Austria. 
Bargaglino  Creek, 

at  Genoa.  Italy 

Bar^'aiilino  Creek. 

at  Genoa.  Italy 

Eyach  River, 

at     Biilingen,    Wurtem- 

bervr 

Urnascli  River, 

St.  Galleu,  Switzerland. . 
Goklbach, 

at      Arnoldsdorf,      Ger- 
many  

Quels  River. 

near  head,  Germany 

Little  .\upa  River, 

near  head,  Germany 

Fureos  River, 

at  St.  Etienne,  France... 
Barpaglino  Creek. 

abo\e  Genoa,  Italy 

Eyach  River. 

near  Mar^arethausen, 

Wurtemberp 

Dabrowka  Creek, 

near  Sauibor,  Austria... 
Eschbach. 

atRemscheid.  Germany. 
Alfeldbach, 

at  dam  site,  Alsace 


<o  — 


52.1 
36.3 
35.6 
35.6 

34.75 

.so.o 

19.7 
12.34 
11.9 
9.65 

8.8 

7.34 
5.02 
1.74 
1.62 


a:  V  ' 


t) 


.5  o^xs 
gag 

en 


Date  of  flood. 


65.1 
25.3 
485 

421 

356.0 
15:^.03 

268.88 

358.0 

385.63 

478.0 
733.0 

788.8 
253.2 
92.00 
208.0 


Mar..  1S88 

Oct.,  1892 

,/uly  18,  1908 

June  5,  1895 

July  21, 1903 
July  31,  1897 

,  1849 

Oct.,  1893 

June  5,  1895 


Number  of 
years  observed. 


Indefinite. 
Indefinite 
Indefinite. 
Indefinite. 

Indefinite. 
Indefinite. 

Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 

Indefinite, 
indefinite. 
Indefinite. 
Indefinite. 


-Authority. 


(55) 
(54) 
(52)  , 
(52) 

(5.3) 

(44) 

(44) 
(58) 
(22) 
(64) 
(52) 

(53) 
(55) 
(44) 
(45) 


Atlantic  States,  and  is  based  on  the  greatest  observed  discharges  of 
the  Potomac  River  at  Point  of  Rocks,  Md.,  the  New  River  at  Radford, 
Va.,  the  Catawba  River  at  Rock  Hill,  N.  C,  the  Little  Tennessee  River 
at  Jiidson,  N.  C,  Cane  Creek  at  Bakcr.sville,  N.  C,  and  numerous 
other  streams  which  exhibit  somewhat  smaller  rates  of  discharge  than 
the  preceding.     This  new  formula  is 

^  41.(i(620  + J^) 

9max.    —  24  +  Jf  

in  cubic  feet  per  second  per  square  mile,  and  it  may  be  regarded 
as  applicable  to  mountainous  and  hilly  water-sheds  having  areas  of 
not  more  than  10  ()(X)  sq.  miles,  in  the  portion  of  the  countrj-  indicated. 
In  comparison  with  Iszkowskis  data,  as  represented  by  the  foregoing 
liquation  (2),  this  formula  gives  q^^^,  =  771,  242,  GG,  and  44,  respec- 
tively for  M  =  10,  100,  1  000,  and  10  000  sq.  miles.   A  great  difficulty  is 
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Mr.        found  in  estimating  the  discharge  from  cloudbursts  on  basins  of  less 
'"^"  than  50  sq.  miles,  as  both  the  duration  of  the  heavy  rainfall  and  the 
area  covered  by  it  are  indefinite;  hence  it  is  likely  that  a  modification 
of  this  new  fornaula.  will  also  be  required. 


List  of  Authorities  Referred  to  IiN   Table  37. 
I.  References  to  American  Streams. 

Water  Supply  Papers  of  the  United  States  Geological  Survey,  Wash- 
ington, D.  C,  as  follows : 

(1)  Paper  No.  162,  published  in  1906.  (2)  No.  147,  published  in 
1905.  (3)  No.  311,  published  in  1912.  (4)  No.  305,  published  in  1912. 
(5)  No.  304,  published  in  1912.  (6)  No.  300,  published  in  1913.  (7)  No. 
299,  published  in  1912.  (8)  No.  298,  published  in  1912.  (9)  No.  281, 
published  in  1912.  (10)  No.  279,  published  in  1912.  (11)  No.  262, 
published  in  1911.  (12)  No.  261,  published  in  1911.  (13)  No.  260, 
published  in  1911.  (14)  No.  230,  published  in  1909.  (15)  No.  198, 
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CONCRETE  BRIJHJES: 
8()]ME  IMPORTANT  FEATURES   IN  THEIR  DESIGN. 
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Bv  Wilson  Fitch  Smith,  M.  Am.  Soc.  C.  E. 


Wilson  Fitch  Smith,  M.  Am.  Soc.  C.  E — Referring  to  the  authors'    Mr. 
arg-urneiits  in  favor  of  the  three-hinged  arch  and  the  subsequent  dis-  ' 
cussion   of   its  merits,   it  may  be  of   interest  to   recall   the  masterful 
way   ill   which  the  late  George  S.   Morison,  Past-President,  Am.   Soc. 
C.   E.,   used  the  principles  of  arch  design  by   applying  the  theory  of 
the  three  hinges  to  a  masonry  arch  of  long  span. 

In  1900  Mr.  Morison  designed  a  masonry  highway  bridge  of  five 
arches,  each  with  a  span  of  about  180  ft.  The  arches  were  circular 
segments  having  a  rise  of  one-quarter  of  the  span.  The  bridge  was 
80  ft.  wide  and  the  arches  extended  for  its  full  width.  The  arch  ribs 
varied  in  depth  from  5  ft.  at  the  crown  to  7  ft.  at  the  springing 
line,  and  were  to  be  of  limestone  with  voussoirs  of  full  depth  on  the 
faces  of  the  arches.  The  arch  rings  carried  cross-walls  4  ft.  thick, 
spaced  about  15  ft.  apart,  whieli,  in  turn,  carried  full  centered  arches 
supporting  the  floor,  except  at  the  three  center  panels  where  the  span- 
drel was  carried  up  solid  to  the  floor  level.  At  the  crown  joint  and 
springing  line  joints  were  inserted  lead  bearings,  about  1  ft.  wide  at 
the  crown  and  18  in.  wide  at  the  end  joints.  These  plates  were  to 
act  as  hinges,  permitting  an  adjustment  of  the  arch  under  the  dead- 
load  strains,  and  the  joints  were  to  be  filled  with  cement  mortar  after 
the  completion  of  the  bridge. 

In   the  design  of  these  arches   the   usual   method   was   followed  of 

dividing  the  arch  ring  into  short  sections,  considering  the  weight  of 

each  as  acting  in   a  vertical   plane  through  the  center  of  gravity  of 

each   section.      The   weight   of  the   spandrel    arches   and   flooring  was 

*  Continued  from  November.  1913,  Proceedings. 
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Mr.  divided  in  a  similar  manner.  The  strains  were  determined  graphic- 
Smith,  gijy^  ^j^^i  l^y  leaving  voids  of  various  sizes  in  the  concrete  filling  over 
some  of  the  spandrel  arches  and  loading  others  with  pig  iron  embedded 
in  the  concrete,  an  arrangement  of  loads  was  obtained  which  pro- 
duced a  resultant  curve  of  pressure  passing  through  the  center  line  of 
the  arch  ring  at  each  panel  point  under  the  cross-walls  and  at  the 
hinge  joints. 

For  various  conditions  of  live  load,  the  arches  were  considered  as 
fixed  (the  hinge  joints  being  filled  before  admitting  traffic)  and  the 
resultant  lines  of  pressure  lay  well  within  the  middle-third  of  the 
arch  rings,  giving  very  moderate  pressures  for  such  large  spans. 

This  treatment,  in  its  simplicity  and  the  skillful  use  of  the 
three-hinge  theory,  is  an  example  of  the  clear-sighted  manner  in 
which  Mr.  Morison  approached  problems  of  design,  and  shows  the 
attributes  of  the  great  engineer. 
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Discussion.* 


Bv  Messrs.  E.  G.  Clifford  and  Joel  D.  JusTiN.f 


R.  G.  Clifford,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Justin's     Mr. 
attempt  at  furnishing  a  study  of  the  relationship  between  precipitation     '  °'   ' 
and  run-off  which  would  lead  to  certain  formulas  applicable  to  water- 
sheds of  varying  characteristics  is  most  praiseworthy,  and  his  deduc- 
tions apparently  apply  within  fair  limits  to  the  water-sheds  considered. 

In  order  to  note  certain  danger  marks  in  this  mode  of  attack,  the 
writer  wishes  to  call  attention  to  some  of  the  data  in  the  records 
furnished  by  Mr.  Justin,  and  also  to  supplement  his  data  with  some 
from  the  far  Western  States,  where  conditions  are  somewhat  different. 

No  equation,  of  course,  is  correct  unless  all  the  variables  involved 
are  introduced  therein,  but  it  may  be  that  some  of  the  conditions  which 
change  from  year  to  year,  or  from  one  water-shed  to  another,  are  of 
such  minor  importance  that  their  omission  may  not  affect  the  result 
beyond  the  limit  of  accuracy  desired,  and  it  is  this  fact  which  has 
led  the  author  to  omit  from  his  equation  all  but  two  of  the  eight 
variable  conditions  he  mentions,  namely,  slope  of  water-shed  and  mean 
temperature. 

Effect  of  Geology  of  Basin. — There  are  many  cases  where  the 
geology  of  the  basin  has  a  marked  effect  on  the  run-off,  as  on  the 
Pacific  slope,  where  this  element  cannot  be  ignored  in  comparing  one 
water-shed  with  another.  The  lava  beds  along  the  Pacific  Coast,  from 
the  North  Fork  of  the  Feather  River  northward,  are  in  themselves 
huge  regulating  reservoirs,  which  not  only  increase  the  summer  flow, 
but  actually  tend  to  keep  the  total  run-off  for  a  whole  season  near  the 
normal.     For  instance,  the  upper  reaches  of  the  North  Fork  of  the 

*  Continued  from  November.  1913,  Proceedings. 
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Mr.  Fcntlier  River  for  the  season,  1910-11,  gave  a  run-off  of  36  in.  with  a 
'  ^"^  ■  rainfall  of  59  in.,  or  61%,  and  during  the  next  year  19  in.  of  run-off 
was  i)roduced  by  23  in.  of  rainfall,  or  82  per  cent.  An  exponential 
equation  averaging  most  nearly  the  records  for  1905  to  1913  for  this 
water-shed  would  be  R  =  2.2  P^'^  (R  being  the  run-off  and  P  the 
precii)itation). 

Farther  south,  along  the  Sierra  water-sheds,  where  gi-anite  peaks 
have  replaced  the  lava  beds,  the  exponential  varies  up  to  P^'^.  For  the 
South  Fork  of  the  Yuba  River  at  the  Spaulding  Dam,  the  average 
exponent  is  unity,  the  equation  being  R  =  0.74  P. 

Straight-Line  Equations  for  Run-Off.— The  various  water-shed 
data  drawn  on  logarithmic  paper  by  J\lr.  Justin,  having  been  replotted 
by  the  writer  on  natural-scale  co-ordinate  paper,  it  is  found  that  a 
straight-line  equation  of  the  form,  R  ^  a  P  -\-  K,  will  fit  all  of  them 
just  as  well  as  the  logarithmic  curves,  but,  of  course,  the  introduction 
of  two  variables  only  complicates  matters  when  comparing  one  water- 
shed with  another.  It  is  necessary,  however,  to  keep  the  exponent 
below  the  second  power  for  the  majority  of  cases,  for  there  are  a 
limited  number  of  regions  where  the  rainfall  varies  only  20%  above 
or  below  the  normal,  as  indicated  by  the  data  presented.  On  the  Pacific 
slope  the  variation  is  from  40%  below  the  average  to  50%  above,  and 
the  use  of  the  second  power  in  Mr.  Justin's  equation  gives  values  of 
run-off  in  excess  of  the  rainfall  for  the  wetter  years. 

The  very  marked  variation  in  total  run-off  for  different  years  hav- 
ing the  same  rainfall  should  not  be  overlooked. '  The  records  from 
Lake  Cochituate,  with  a  small  water-shed,  show  an  extreme  case,  and 
if  the  run-off  had  been  based  on  the  years,  1865  to  1872,  inclusive, 
a  very  different  constant  would  have  been  used.  Even  the  large  water- 
shed above  the  new  Croton  Dam  furnishes  such  a  variety  of  points 
that  no  two  men  would  be  likely  to  choose  just  the  same  line  as  an 
average,  and  the  years,  1872  to  1880,  inclusive,  wovild  form  the  basis 
for  a  very  different  one.  There  are  many  reasons  for  this  variation  in 
run-off  for  the  same  precipitation.  As  the  author  i^oints  out,  the  ground- 
water conditions  and  inaccuracy  in  true  average  rainfall  are  probably 
important  factors,  but,  in  addition,  there  are  such  modifying  elements 
as  dry  winds  and  relative  packing  of  the  snowfall;  the  former  cutting 
down  the  snow  in  a  remarkably  short  time,  and  the  more  solid  the  snow 
pack,  the  slower  the  melting  and  the  greater  the  percolation. 

The  Mass-Curve. — It  is  with  regard  to  applying  any  formula  to 
monthly  precipitation  on  different  water-sheds  and  thereby  construct- 
ing a  mass-curve  to  determine  the  necessary  storage,  that  the  writer 
feels  that  he  cannot  agree  with  Mr.  Justin.  In  the  first  place,  the 
exponential  equation  applied  to  the  small  monthly  precipitations  will 
not  give  the  same  yearly  total  as  when  applied  to  the  total  yearly 
precipitation,  and  it  seems  probable  that  the  author  intended  merely  to 
proportion  the  monthly  rainfall  to  that  for  the  whole  year  as  computed 
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from  his  lorniuhi.  Now,  although  the  total  nni-oif  for  a  season  for  Mr. 
dilfereiit  water-sheils  may  depend  mainly  on  mean  temperature  and 
s]oi)e,  yet  the  ratio  of  summer  flow  to  winter  flow  may  be  absolutely 
different.  For  instance,  there  are  two  branches  of  the  same  river,  each 
having-  a  water-shed  of  approximately  500  scj.  miles  and  the  same  mean 
temperature,  and  yet  the  summer  and  winter  flows  of  one  have  been, 
respectively,  5(50  and  10  ()()()  cu.  ft.  per  sec,  though  the  second  branch, 
in  the  same  year,  discharged  250  cu.  ft.  per  sec.  in  summer  and 
reached  a  niaxinuini  of  SO  000  cu.  ft.  per  sec.  for  the  same  winter  flood 
as  the  other. 

This  is  undoubtedly  a  i)eculiar  case,  and  is  principally  due  to  the 
geological  formation,  but,  to  some  extent,  it  is  also  due  to  the  fact 
that  there  is  a  greater  proportion  of  one  water-shed  at  the  higher  eleva- 
tion receiving  the  precipitation  in  the  form  of  snow. 

A  study  of  the  actual  and  computed  mass-diagrams  of  the  Croton 
water-shed  is  hardly  a  convincing  argument  in  favor  of  this  mode  of 
determining  the  storage  needed,  unless  a  very  long  time  average  is 
used  and  it  is  feasible  to  build  a  reservoir  large  enough  to  effect  regula- 
tions over  long  dry  periods. 

Considering  the  draft  line  used  for  the  Croton  water-shed,  if  in 
1880  a  dam  had  been  constructed  based  on  the  rainfall  formula,  a 
depletion  of  18  in.  would  have  to  be  provided  for;  and,  if  20  to  30% 
in  excess  were  allowed,  there  would  have  been  a  safety  factor,  over 
actual  conditions  to  date,  of  60%.,  which  would  have  been  rather 
extreme.  ' 

In  a  great  many  power  projects  it  is  either  physically  impossible,  or 
very  uneconomical,  to  store  much  more  water  than  comes  from  the 
average  low  years,  and  in  such  cases  the  essential  feature  is  to  know 
just  how  much  auxiliary  power  is  required  for  the  extreme  years  and 
how  often  they  come.  The  safest  procedure,  if  no  river  data  at  all 
have  been  kept,  is  to  study  the  run-ott'  from  the  nearest  available  water- 
shed, having  a  similar  geological  drainage  basin,  on  which  records 
can  be  obtained,  using  Mr.  Justin's  corrections  for  sloi)e  and  mean 
temperature.  A  percentage  allowance  for  extreme  conditions  can  then 
be  based  on  a  study  of  such  long-time  results  as  given  on  the  Croton 
mass-curve. 

To  obtain  the  storage  needed  for  power  purposes,  the  writer  has 
used  an  empirical  formula  based  on  the  available  data  for  the  South 
Yuba  River,  which,  for  that  particular  water-shed,  checks  remarkably 
well  for  the  8  years  available.  This  formula  has  not  yet  been  applied 
to  any  other  water-shed,  and  so  woidd  be  most  unsafe  to  use  elsewhere. 
The  basis  for  the  formula  is  the  length  of  the  dry  season  and  the 
precipitation.  It  pre-supposes  that  run-off  records  have  been  kept 
carefully  for  at  least  one  year,  the  storage  needed  for  any  other  year 
being  in  this  particular  case-  proportional  to  the  length  of  dry  season 
corrected  inversely  by  one-third  of  the  difference  in  percentage,  from 
the   average  precipitation  of  the   season   immediately   preceding.     By 
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Mr.  using  the  equation,  R  =  0.74  P  (applicable  to  this  river),  the  high 
■  points  on  a  mass-curve  can  be  located,  and  the  low  points  can  be 
plotted  by  means  of  the  storage  computed  for  each  year,  thus  per- 
mitting of  storage  over  long  periods  being  fovind.  The  length  of  dry 
season  is  the  most  indefinite  part  of  the  proceeding,  being  the  time  of 
low  stream  flow,  and  is  found  approximately  by  records  on  other  streams 
with  similar  geological  formation,  or,  if  a  few  years  of  monthly  run- 
off and  precipitation  are  available,  by  plotting  these  together  and 
observing  how  the  low-water  flow  follows  the  last  heavy  rains  and 
picks  up  after  the  fall  or  winter  storms. 
Mr.  Joel  D.  Justin,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — That  great 

caution  is  necessary  in  any  attempt  to  predict  the  quantity  of  run-off 
from  a  water-shed,  all  engineers  are  agreed.  That  it  is  preferable  to 
base  calculations  on  the  actual  run-off,  rather  than  on  estimates  founded 
on  the  rainfall  of  the  water-shed  is  almost  axiomatic.  The  methods 
and  formulas  presented  in  the  paper  are  intended  for  use  on  water- 
sheds where  run-off  data  are  partly  or  totally  lacking. 

Given  such  a  water-shed,  one  of  two  courses  is  open  to  the  engineer 
desiring  to  build  a  storage  reservoir:  First,  he  may  make  a  guess  as 
to  the  run-off,  taking  it  as  a  percentage  of  the  rainfall,  and  being 
guided  as  much  as  possible  by  his  judgment.  Second,  he  may  make  a 
careful  study  of  the  conditions  governing  the  relations  of  run-off  to 
rainfall  on  the  water-shed  and  on  others  having  the  same  general 
characteristics,  and,  as  the  result  of  these  studies,  arrive  at  a  rmi-off 
on  which  he  may  safely  rely. 

The  formula  derived  by  the  writer  is  an  attempt  to  reduce  the 
second  method  to  mathematical  terms.  ,  Caution  and  judgment  are 
necessary,  of  course,  in  using  the  formula,  just  as  they  are  necessary 
in  the  use  of  formulas  for,  say,  the  design  of  a  masonry  dam.  For 
instance,  the  writer  would  not  attempt  to  apply  the  formula  to  the 
streams  of  California  or  Kansas  without  the  possession  of  additional 
data. 

Mr.  Le  Conte  states  that  the  formula  gives  the  long  average  run -oft'. 
This  is  incorrect.  The  formula  gives  equally  well  the  run-off  for  any 
particular  year.  In  order  to  prove  this.  Tables  4  and  5  were  prepared, 
showing  that,  in  nearly  all  years,  the  agreement  between  the  run-off 
computed  by  the  formula  and  that  recorded  was  remarkably  close.  It 
was  even  shown  that  usable  mass-curves  could  be  built  up  by  the  use 
of  the  formula.  Mr.  Le  Conte  points  to  a  case  in  California  where 
for  3  successive  years  there  was  no  run-off.  It  is  probable  that  the 
formula,  if  applied  to  this  water-shed,  would  for  these  3  years  give  such 
a  small  run-off  as  to  be  negligible. 

Even  on  water-sheds  where  run-off  data  are  available,  it  is  necessary 
to  use  them  with  caution,  as  measurements  of  flow  may  be  very  inac- 
curate.    The  whole  subject  is  one  which  does  not  permit  of  precision. 

On  Fig.  21  Mr.  Begg  gives  a  run-off  curve  for  the  rivers  of  Kansas, 
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Mr.  and  states  that  nearly  all  points  fall  on  or  near  this  curve.  This  is  a 
c-ondition  which  is  truly  remarkable.  In  other  parts  of  the  country  the 
discrepancy  between  even  adjoining  water-sheds  is  often  as  great  as 
that  shown  by  him  between  the  run-off  curve  for  all  Kansas  rivers  and 
the  curve  plotted  by  him  for  the  Republican  River  from  the  formula, 

C   =    0.934   S*^'^^^  ~~ir~-      Accordingly,  the  prediction  of  run-off  on  the 

rivers  of  Kansas  should  be  a  very  simple  matter  by  the  use  of 
Mr.  Begg's  curve.  He  states  that  he  has  been  unable  to  derive  a  for- 
mula which  satisfies  the  relations  shown  by  his  curve.  The  writer  pre- 
sents the  following  equation  which  satisfies  very  closely  all  points  on 
this  curve:  C  =  run-off,  in  inches;  R  =  rainfall,  in  inches;  then 
C  =^  0.0037R-.  Fig.  25  shows  the  logarithmic  equation  for  this  curve, 
together  with  the  logarithmic  curve  for  the  Republic;! n  River,  as  com- 
puted by  Mr.  Begg.  It  will  be  noted  that  the  curve  is  of  the  same 
general  form  as  those  presented  in  the  ]japer  for  rivers  in  the  North- 
eastern States,  C  b^ng  in  all  cases  a  function  of  R-. 

Mr.  Begg  states  that  the  rivers  of  Kansas  have  a  very  much  flatter 
slope  than  any  of  those  of  the  Northeastern  States.  The  slope  of  the 
Genesee  (0.00554)  is  the  flattest  of  any  of  those  considered ;  it  is  about 
one-tenth  of  the  slope  of  some  of  the  steeper  water-sheds  for  which 
data  are  presented.  The  general  equation  holds  good  for  the  Genesee. 
Hence  the  writer  does  not  feel  that  the  mere  fact  that  the  slopes  of 
the  Kansas  rivers  are  less  than  that  of  the  Genesee  is  sufficient  to  make 
the  general  formula  inapplicable  to  Kansas  conditions. 

As  the  writer  has  pointed  out,  he  would  not  apply  this  formula. 

C  =^  0.934  S'^'^^^  ~m'i  ^^  other  sections  of  the  country  without  hav- 
ing available  rainfall  and  run-off  data  with  which  to  check  the  con- 
stant or  to  derive  a  new  one.  In  the  case  of  Kansas,  for  instance,  it 
has  just  been  shown  that  the  curve  presented  by  Mr.  Begg  has  an 
equation  of  the  same  general  form  as  those  presented  by  the  writer.  If 
a  study  of  the  existing  rainfall  and  run-off  data  of  the  region  were 
made,  it  is  probable  that  it  would  be  found  that  a  mere  change  in  the 
coefficient  would  give  practicable  results  for  most  of  the  water-sheds. 
The  writer  agrees  with  Mr.  Clifford  that  no  equation  is  correct  un- 
less all  the  variables  involved  are  introduced.  In  the  writer's  study, 
the  slope  of  the  water-shed  and  the  mean  annual  temperature  seemed 
to  be  the  factors  which  had  the  greatest  influence  in  determining  the 
manner  in  which  the  relation  between  rainfall  and  run-off  varied  from 
one  water-shed  to  another.  Furthermore,  these  factors  were  capable 
of  mathematical  expression,  whereas  others,  such  as  the  geology  of  the 
drainage  basis,  were  not.  Hence  these  factors  were  used  in  determin- 
ing the  general  formula.  The  effect  of  other  factors,  such  as  character 
of  vegetation,  extent  of  forest  covering,  prevailing  winds,  relative 
humidity,  ba.rometric  pressure,  etc.,  seems  to  be  well  within  the  limit  of 
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iH'c-uracy  of  the  existing  data.  At  least  this  is  the  case  with  the  (h-ain-  Mr. 
age  basins  of  the  East.  The  writer  regrets  that  he  is  not  familiar  with 
the  water-sheds  of  the  Pacific  Coast;  but  is  it  not  possible  that  other 
factors  as  well  as  the  diiference  in  the  geology  of  basins  might  account 
for  the  discrepancy  shown  by  JMr.  Clilford  ^  Diiference  in  slope  and 
mean  annual  tempei'ature  most  certainly  would  account  for  a.  large 
part  of  it. 

It  is  true  that  in  many  cases  the  relations  existing  between  i*ainfall 
and  run-oif  on  a  particular  water-shed  may  be  expressed  by  a  straight- 
line  equation,  but  this  method  makes  every  river  a  law  unto  itself,  and, 
as  Mr.  Clifford  states,  "the  introduction  of  two  variables  only  com- 
l>licates  matters  when  comparing  one  water-shed  with  another." 

With  regard  to  the  early  records  on  the  Croton  and  Lake  Cochituate 
water-sheds,  their  accuracy  is  questionable.  On  the  former,  in  the 
early  days,  there  was  only  one  rainfall  station,  but  in  recent  years  there 
have  been  five  or  six. 

In  the  construction  of  the  mass-curv^es  presented,  it  was  not  the 
writer's  intention  to  claim  that  monthly  run-off  could  be  predicted 
liy  using  his  formula,  but  merely  to  show  that  in  spite  of  discrepancies 
from  month  to  month,  a  usable  mass-curve  could  be  built  up  by  this 
means. 

In  the  case  considered  by  Mr.  Clifford,  where  storage  is  to  be  over  a 
few  dry  months  only,  the  method  does  not  apply  with  the  same  force; 
but  where  the  proposition  is  a  big  one  and  storage  over  dry  years  is 
considered,  the  method  will  give,  as  previously  shown,  practicable  results. 

With  regard  to  the  Croton  water-shed,  the  greatest  deficiency  shown 
by  the  computed  mass-curve  is  18  in.,  the  actual  present  ^torage  on  the 
water-shed  is  16  in.  In  the  past  the  actual  draft  has  been  somewhat 
less  than  that  assumed;  but  this  16  in.  of  storage  has  been  found  to 
be  so  close  to  the  danger  line  that  New  York  City  has  several  times 
lieen  threatened  with  a  water  famine. 

Greater  storage  could  not  be  secured  economically,  and  this  factor, 
together  with  the  constantly  increasing  draft,  led  to  tlie  installation  of 
the  Catskill  supply  at  a  cost  of  $161  000  000.  Accordingly,  the  writer 
believes  that  the  actual  conditions  check  pretty  well  with  the  informa- 
tion that  might  have  been  obtained  from  a  study  of  the  mass-curve  pre- 
sented. 

Any  estimate  of  flow  on  a  water-shed  on  which  run-off  data  are  non- 
existent is  at  best  a  scientific  guess.  The  better  the  methods  used,  the 
better  the  prospect  of  approximating  the  actual  run-off.  Engineers 
should  get  away  from  the  old-fashioned  method  of  guessing  run-off  as 
a  certain  percentage  of  the  rainfall  because  the  particular  water-shed 
happens  to  look  somewhat  like  one  w^hich  sometimes  gave  the  percent- 
age of  run-off  guessed  at.  They  should  attempt  to  predict  run-off  by  a 
careful  study  of  all  the  data  available  from  surrounding  water-sheds. 
It  was  as  an  aid  in  such  a  study  that  the  present  formula  was  derived. 
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THE  EFFECT  OF  SATURATION  ON  THE  STRENGTH 
OF  CONCRETE. 

Discussion.* 


By  W.  K.  Hatt,  M.  Am.  Soc.  C.  E. 


W.  K.  Hatt,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  interested  Mr. 
ill  and  appreciates  Professor  Van  Ornum's  experimental  inquiry.  An 
intelligent  use  of  materials  must  be  promoted  by  a  knowledge  of 
their  underlying  properties  and  essential  nature.  This  knowledge  is 
more  likely  to  be  gained  by  investigations  of  the  character  described 
in  this  paper  than  by  elaborate  and  extensive  empirical  tests,  mechani- 
cally planned  and  performed,  which  add  to  the  work  of  the  compiler 
and  to  the  accumulation  of  debris  that  is  carried  along  in  textbooks 
and  handbooks  from  one  generation  to  another. 

The  writer  believes  that,  in  this  and  also  in  a  former  paper.f 
Professor  Van  Omum  has  failed  to  do  justice  to  his  tests,  in  that 
he  has  chosen  not  to  accept  the  standards  imposed  by  most  experi- 
menters upon  themselves  with  respect  to  completeness  of  publication 
of  the  data.  Every  one  knows  that  different  persons  may  derive  con- 
flicting conclusions  from  the  same  data  when  the  full  circumstances 
are  known.  In  the  case  of  this  paper,  we  must  accept  or  reject  de- 
ductions in  respect  to  an  important  fundamental  matter  on  the  basis 
of  a  single  diagram.  The  writer  does  not  desire  to  be  understood  as 
saying  that  the  diagram,  with  its  oxporiinental  points  and  c\irve.  is 
not  the  only  expression  of  a  law  to  be  obtained  from  the  data  which 
are  not  published,  but  he  expresses  the  wish  that  he,  with  others, 
might  review  the  experimental  facts  independently.     Much  could  also 


*  Continued  from  November,  1913,  Praceedingn. 

+  •■  The  Fatigue  of  Concrete,"  TransactOms,  Am.  Soc.  C.  E..  Vol.  LVIII,  p.  204. 
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Mr.    be  learned  from  a  report   of  the  measurements   of   deformations   and 
*''  ■  sets.     Only  a  partial  view  is  obtained  from  the  compressive  strength 
alone. 

Tn  1906-07  the  writer  conducted  an  investigation  on  the  effect  of 
the  time  element  in  loading  reinforced  concrete  beams.*  Table  2, 
from  that  source,  shows  a  constantly  increasing  deflection  under  con- 
tinued load  applied  to  such  beams,  and  also  that  a.  repeated  application 
of  load  produces  permanent  deflection  and  set  without  affecting  the 
subsequent  maximum  load  carried  by  the  beam.  In  the  writer's 
view,  these  facts  expressed  a  plasticity  in  concrete. 

1\\I)LE  -J. — Di:fle(tion  of  Reinforced  Concrete  Bea:ms  Under 
Repeated  Loadings, 

Deflections  and  Set,  in  Inches. 


.£•3 
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1 
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1 
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0.100 
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1 
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0.290 

0.090 

0.490 

0.36 

0.21 

*  Two  moDihs. 

Ill  these  cases  the  results  could  hardly  be  explained  by  the  effect 
of  water  in  softening  the  concrete,  as  reported  by  Professor  Van 
Ornuin.  The  beams  were  exposed  outdoors,  were  protected  from  rain 
by  a  platform,  and  were  tested  under  repetitive  loads  in  the  laboratory. 

Tn  arriving  at  a  final  view,  some  help  is  obtained  from  the  behavior 
of  other  materials.  The  writer  has  noted  an  analogy  between  the 
behavior  of  concrete  and  wood  with  respect  to  the  effects  of  certain 
conditions  of  loading. 

In  case  of  any  material,  one  should  know  tlie  effect  of  the  following 
elements  on  the  strength  and  deformation,  both  elastic  and  plastic: 

(1).  Time-rate  of  application   of  stress,  including  impact  loading 

and   long-continued   steady   loads; 
(2).  Moisture  conditions; 
(.'5).  Temi)erature  of  material  under  (1). 

♦"Notes  on  the  Effect  of  Time  Element  in  Loading  Reinforced  Concrete  Beams," 
Transactions,  Am.  Soc.  for  Testing  Materials,  Vol.  VII,  1907. 
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(1).  Wood  exhibits  ;iii  iiu'reasiiiff  deformation  and  set   under  loads    Mr. 
which  are  continued  over  periods  of  days  and  weeks,  and  tlie  final  load     *   ■ 
is  not  affected  by  precedent  sets.     Mr.  ]I.  ]).  Tiemanii  has  investigated 
this   matter   exhaustively.*     Portland    cement   concrete   also   possesses 
this  jiroperty. 

As  the  speed  of  apidieation  of  the  load  is  increased,  wood  exhibits 
a  higher  elastic  limit,  which,  imder  impact,  may  be  double  the  static 
elastic  limit.  It  is  evidently  affected  by  the  time-rate  of  the  applica- 
tion of  loading.  No  data  are  known  to  the  writer  to  determine  the 
effect  of  speed  of  loading  on  concrete. 

The  final  strength  of  both  wood  and  concrete  appears  to  be  un- 
affected by  precedent  plastic  changes  which  produce  set. 

(2).  Wood  also  becomes  more  i)lastic  when  the  wood  substance  con- 
tains more  water.  Tt  is  strong  and  stiff  when  dry,  and  weak  and 
flexible  when  wet.  Omitting  the  difference  of  the  chemical  action 
proceeding  in  concrete  when  in  water,  it  appears  from  Professor 
Van  Ornum's  paper  that  concrete  becomes  weak  when  saturated  with 
water.  His  deformation  measurements,  not  reported,  might  show 
whether  or  not  the  modulus  of  elasticity  was  correspondingly  decreased. 

After  wood  is  dried  out  and  the  excess  moisture  is  removed,  it 
nearly  resumes  its  original  properties.  Professor  Van  Ornuin  sug- 
gests that  concrete  would  regain  something  more  than  its  original 
strength  if  dried  out  after  being  completely  saturated. 

(3).  No  data  are  known  to  the  writer  to  show  conclusively  the 
effect  of  temperature  on  the  strength  and  deformation  of  either  wood 
or  concrete. 

The  foregoing  discussion  indicates  that  the  binding  substance  in 
wood  and  concrete  exhibits  marked  plasticity,  not  alone  under  long- 
continued  loadings  at  low  stress,  and  that  this  substance  is  temporarily 
affected  by  the  absorption  of  water. 

Leaving  the  field  of  the  writer's  knowledge,  he  would  take  the 
liberty  of  l-eferring  to  the  views  of  others  who  consider  the  hardening 
of  concrete  as  a.  phenomenon  of  colloidal  action,  and  to  the  statement 
of  those  wise  in  the  knowledge  of  wood  substance  that  a  colloidal 
material  binds  wood  structure  together.  If  this  is  so,  we  might 
expect,  from  the  properties  of  colloids,  that  concrete  and  wood  would 
show  the  noticed  plasticity  under  long-continued  loadings,  the  noticed 
effect  of  moisture  on  the  strength ;  both  should  show  a  difference 
of  behavior  under  quickly  applied  loads;  and  their  strength  should 
also  be  affected  by  temperature— being  more  brittle  at  low  tempera- 
tures.   The  writer  may  be  pardoned  for  sketching  in  this  uncertain  field. 

'  ♦  A  renort  of  part  of  his  investipations  will  be  found  in  Travsactionx.  Am.  Soc.  for 
Testing  Materials.  Vol.  IX  (ItXiO).  p.  .5:^4.  "Some  Results  of  Dead  Load  Bending  Tests  of 
Timber  by  Means  of  a  Recording  Defleotometer  ";  and  Vol.  VIII  (1008),  p.  .541.  •'  The  Effect 
of  the  Speed  of  Testing  upon  the  Strength  of  Wood  and  the  Standardization  of  Tests 
for  Speed." 


y 


2344     DISCISSION  :  SAlLliATlON  AND  STKEXGTH  OF  CONCRETE      L  l*iipers. 

Mr.  Do  not  the  author's  results  bear  out  the  common  view  of  workers 

**  ■  in  concrete  that  some  part  of  the  hardening  of  the  concrete  floor  of 
a  building  under  construction  when  exposed  to  the  drying  conditions 
of  the  atmosphere  is  due  to  this  "drying  out",  irrespective  of  tempera- 
ture? The  writer  has  noticed  the  rapid  gain  in  strength  of  concrete 
specimens  shipped  to  the  laboratory  in  tin  forms  after  the  latter  had 
been  removed.  Specimens  of  concrete  taken  from  building  failures 
also  gain  strength  rapidly  when  exposed  to  the  air  of  the  laboratory. 
This  is  no  doubt  due  to  hastened  chemical  action  consequent  on  the 
increased  temperature,  but  it  also  may  be  the  process  of  drying  out 
analogous  to  that  prevailing  in  wooden  beams.  Professor  Van  Ornum 
coincides  in  this  common  view  in  his  statement : 

"In  fact,  the  failures  which  have  occurred  are  generally  a  result 
of  several  such  contributing  causes.  The  writer  believes  that  the  con- 
siderable weakening  produced  by  the  saturation  of  dry  concrete  has 
invariably  been  a  contributing  factor  in  all  those  instances  in  which 
there  was  an  active  wetting  of  dry  or  partly  dry  concrete  when  sub- 
jected to  essential  stresses." 
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MEASUREMENT    OF    THE 

FLOW    OF    STREAMS 

J^Y  APrUOVEU  FORMS  OF  WEIRS 

WITH  NEW  FORMULAS  AND  DIAGRAMS. 

Discussion.* 


By  ^Ikssrs.  E.  a.  Moritz,  Allen  IIazen,  Clarence  T.  Johnston, 
AND  E.  B.  "Robinson. 


E.  A.  -MuRiTz,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter). — In  making    Mr. 
analyses    of   all    the    data    and   preparing   this   paper   the    author   has  '^''''■"^• 
performed   a  monimiental  task   which,  no  doubt,  will  receive  the  cor- 
dial appreciation  of  all  hydraulic  engineers. 

The  author  stat&s  that  "the  method  of  calculating  the  discharge 
over  a  weir  should  be  the  simplest  that  can  be  found ;  in  other  words, 
it  should  give  the  most  accurate  results  with  the  smallest  amount 
of  work",  and  he  advocates  the  sharp-crested  weir  without  end  con- 
tractions as  most  nearly  fulfilling  these  requirements.  The  writer 
agrees  with  the  statement  in  so  far  as  the  accuracy  of  the  results  is 
concerned,  provided  the  height  of  the  weir  crest  is  properly  determined 
each  time  a  measurement  is  made  or  the  approach  channel  is  kept 
free  of  silt;  but  either  of  these  requirements  necessitates  consider- 
able care  and  effort,  so  that  the  author's  statement  is  open  to  serious 
question.  The  writer  has  in  mind  an  irrigation  project,  tj^ical  of 
many,  on  which  the  use  of  the  sharp-crested  weir  without  end  con- 
tractions would  be  practically  imjiossible  on  account  of  the  large  quan- 
tities of  silt  carried  at  certain  seasons  of  the  year,  which  would  necessi- 

*  This  discussion  (of  the  paper  by  Richard  R  Lyman.  A8-<oc.  M.  Am.  Soc.  C.  E.,  published 
in  the  September.  1913,  Proceedings,  and  presented  at  the  meeting  of  November  19th.  1913). 
is  printed  in  Proccedinps.  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 
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Mr.  tate  either  cleaning  out  the  approach  channel  at  frequent  intervals 
Moritz.  ^j.  (^igtermining  the  height  of  the  crest  at  each  measurement.  Either 
alternative  is  impracticable,  as  any  one  knows  who  is  familiar  with 
irrigation  projects  having  from  1  000  to  2  000  or  more  measuring 
weirs.  This  example  is  selected  because  the  aiithor  evidently  had  in 
mind  the  use  of  the  weir  which  he  advocates  for  the  measurement  of 
irrigation  water,  for  he  says :  "the  sharp-crested  weir  without  end  con- 
tractions can  certainly  be  used  to  best  advantage  in  all  irrigation 
projects". 

For  this  purpose  the  Cippoletti  weir  offers  a  simple,  convenient, 
and  accurate  method,  and  is  used  probably  more  than  any  other  type. 
The  construction  of  the  Cippoletti  weir  is  fully  as  simple  as  the  sup- 
pressed weir,  if  not  more  so,  notwithstanding  the  author's  statements 
in  this  regard.  In  most  cases  a  pool  of  sufficient  size  can  be  excavated 
above  the  weir  to  avoid  any  but  negligible  velocities  of  approach,  and 
one  or  two  good  cleanings  of  the  pool  during  a  season  will  generally 
suffice.  For  this  weir,  tables  or  diagrams  can  be  prepared  which  will 
give  at  a  glance  the  discharge  for  any  measured  head,  or,  as  is  fre- 
quently necessary,  the  head  can  be  read  which  will  give  any  required 
discharge.  Fig.  46  represents  such  a  diagram  for  Cippoletti  weirs, 
and  Fig.  47*  is  for  contracted  and  suppressed  weirs  with  vertical 
sides  (Francis'  formula).  The  importance  of  simplicity  in  this  regard 
cannot  be  exaggerated,  on  account  of  practical  considerations.  The 
measurements  and  care  required  for  the  accurate  use  of  the  author's 
diagrams  vitiate  to  a  large  extent  their  practicability,  although  they 
should  be  exceedingly  useful  for  the  more  scientific  works. 

For  contracted  weirs,  the  discharge  given  by  the  diagram,  Fig.  47, 
may  be  in  error  4%  or  more,  if  the  head  is  greater  than  one- third  of 
the  length  of  the  crest.  The  discliarge  over  suppressed  weirs  is  given 
directly  by  the  upper  and  lower  scales.  To  obtain  the  corresponding 
discharge  over  a  contracted  weir,  subtract  the  value  read  from  the  cvirve 

5 

marked  "  Value  of  0.6(36  H^ ,  using  the  upper  or  lower  scale,  as  in- 
dicated. 

It  may  be  insisted  that  the  use  of  the  Cippoletti  weir  obtains  sim- 
plicity at  too  great  a  sacrifice  of  accuracy.  In  regard  to  this,  there 
is  considerable  evidence  in  recorded  experiments  that  both  Cippoletti 
and  fully  contracted  weirs  give  results  within  an  error  of  from  2  to 
4%  when  the  head  is  not  greater  than  one-third  of  the  crest  length, 
which  condition  can  readily  be  obtained.  Of  the  two,  the  Cippoletti 
weir  gives  the  more  accurate  results.  The  quantities  in  these  experi- 
ments were  measured  volumetrieally,  thus  avoiding  any  possible  error 
due  to  the  use  of  a  calibrated  measuring  device  for  determining  them, 

*  Francis  formula  for  contracted  rectangular  weirs,  Q  =  3.83  /f^  (L  —  0.3  H).  maybe 
written  Q  =  3.33  L  H^  —  0.666  H^,  or  Q  =  (Discharge  over  suppressed  weir)  —  0.666  H^ 
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Mr.     such  as  the  "standard  weir"  used  in  the  Cornell  experiments,  of  which 
Montz.  ^j^g  author  says  "the  results  it  gives  can  be  accepted  as  accurate  to 
within  2  or  3  per  cent." 

In  the  writer's  opinion,  there  is  no  better  practical  device,  at  present 
available,  than  the  Cippoletti  weir  for  measuring  the  quantities  en- 
countered in  the  majority  of  irrigation  laterals. 
The  author  says : 

"For  finding  the  discharge  over  a  weir,  the  diagram  has  two  ad- 
vantages over  the  formula:  First,  it  gives  results  without  computation; 
secondly,  results  obtained  by  the  diagram  do  not  appear  to  contain 
an  accuracy  which  is  not  warranted." 

This  is  true,  not  only  for  weir  discharges,  but  also  for  most  other 
hydraulic  computations  involving  the  use  of  more  or  less  complicated 
formulas. 

Concerning  the  question  of  discharge  over  broad-crested  weirs,  the 
writer  would  like  to  obtain  some  additional  light.  What  is  said  in 
the  following  is  not  offered  in  a  spirit  of  criticism,  but  the  writer  has 
had  occasion  to  use  the  results  of  the  Cornell  experiments  for  calcu- 
lating discharges  over  broad-crested  weirs,  and  has  found  that  the 
results  deduced  therefrom  by  different  persons  do  not  always  agree; 
in  fact,  the  disagreement  is  so  great  in  certain  cases  that  an  explanation 
seems  to  be  required.  Three  sets  of  results  from  these  experiments 
have  now  been  published :  by  Mr.  Lyman,  by  Gardner  S.  Williams, 
M.  Am.  Soc.  C.  E.,*  and  by  E.  E.  Horton,  M.  Am.  Soc.  C.  E.f 

The  writer  has  selected  at  random  several  types  of  the  broad- 
crested  weir  on  which  experiments  were  made,  and  has  set  down  the 
comparative  figures  given  by  the  three  investigators  for  the  discharge 
for  corresponding  heads.  The  results  are  shown  in  Table  68.  The 
figures  represent  the  factors  by  which  the  results  computed  from  Bazin's 
formula  for  sharp-crested  weirs  without  end  contractions  must  be 
multiplied  in  order  to  obtain  the  discharge  over  the  particular  broad- 
crested  weir;  these  figures  are  given  directly  by  Messrs.  Williams  and 
Horton.  To  obtain  the  corresponding  figures  from  the  author's  dia- 
grams, the  writer  read  the  discharges  from  the  diagrams  (Plates  XC 
and  LXXXV),  and  divided  these  by  the  corresponding  figures,  as  cal- 
culated by  Bazin's  formula. 

Model  ZZZ7/7.— For  the  author's  Model  XXXIII  the  figures  in 
Table  68  show  a  substantial  agreement,  although  for  a  head  of  0.5  ft., 
Messrs.  Horton  and  Williams  disagree  by  about  3%  and  Mr.  Lyman 
practically  agrees  with  Mr.  Williams.  For  a  head  of  3.5  ft.  no  two 
agree,  the  maximum  difference  being  between  Messrs.  Horton  and 
Lyman  and  amounting  to  about  2  per  cent. 

*  "American  Civil  Engineers'  Poeliet  Book,"  p.  860,  and  elsewliere. 

+  Water  Supply  Paper,  No.  200  (revision  of  Water  Supply  Paper,  No.  150)  of  the  U.  S. 
Geological  Survey. 
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Mr.  Model  XXX. — In  Model  XXX  there  is  a  close  agreement  between 

Moritz.  ^j-pgg,.g  'Williams  and  Lyman,  but.  for  a  head  of  4  ft.,  Mr.  Horton  differs 
from  both  by  about  6%,  the  differences  being  less  for  heads  smaller 
than  4  ft. 

TABLE  68. — Factors  by  Which  the  Results  Computed  from  Bazin's 
Formula  for  Sharp-Crested  Weirs  Without  End  Contractions 
Must  be  Multiplied  in  Order  to  Obtain  the  Discharge  over 
Broad-Crested  Weirs. 


Model. 


Author. 


Head  on  Weir,  in  Feet. 


0.5       1.0       1.5      3.0       3.5       3.0       3.5       4.0 


XXXIII. 


XXX. 


Williams.. 
Horton  . . . 
Lyman  ... 

Williams.. 
Horton  . . . 
Lyman  . . . 

Williams.. 
Horton  . . . 
Lyman  . . . 


XLIIIaadXLIIIa....  1  Williams.. 

Flat  top V  Horton  , 

h  -  16.a9  ft \   Lyman  . 


XLVl 

Flat  top. . . 
b  =  3.17  ft. 


XLI 1  Williams. 

Flat  top V  Horton  . . 

6  =  1.65  ft \  Lyman  . . 


0.971 
0.941 
0.967 

0.S68 
0.947 
0.967 

0.797 
0.793 
0.785 

0.783 
0.790 
0.7»5 

0.819 
0.806 
0.785 


1.040 
1.039 
1.033 

1.008 
1.000 
0.985 

0.813 
0.795 
0.795 

0.793 
0.790 
0.803 

0.879 
0.808 
0.835 


1.083 

l.((87 
1.067 

1.033 
1.036 
1.030 

0.821 
0.796 
0.792 

0.797 
0.793 
0.801 

0.910 
0.878 
0.891 


1.105 
1.109 
1.114 

1.041 
1.063 
1.040 

0.831 
0.815 
0.823 

0.795 
0.793 
0.792 

0.925 
0.906 
0.933 


1.118 
1.118 
1.180 

1.013 
1.085 
1.048 

0.816 
0.844 
0.853 

0.789 
0.793 

0.780 

0.933 
0.985 
0.965 


1.138 
1.130 
1 .  143 

1.044 
1.096 
1.045 

0.813 
0.870 
0.866 

0.784 
0.791 
0.786 

0.938 

1.00 

1.00 


1.136 
1.137 
1.153 

1.045 
1.108 
1.050 

0.810 

0.90 

0.887 

0.780 
0.791 
0.793 

0.943 

1.00 

1.009 


1.144 
1.123 
1.140 

1.046 
1.110 
1.043 

0.808 
0.93 
0.898 

0.777 
0.789 
0.788 

0.947 

1.00 

0.995 


.Model  XLVI. — The  greatest  variation  is  found  in  Model  XLVI, 
having  a  flat-top  crest  3.17  ft.  wide,  where  the  difference  between 
Messrs.  Williams  and  Horton  for  a  4-ft.  head  amounts  to  about  13%, 
the  differences  decreasing  as  the  head  decreases.  Messrs.  Horton  and 
Lyman  agree  much  better,  but  they  also  show  quite  large  differences. 

Models  XLIII  and  XLIIIa.— For  Models  XLIII  and  XLIIIa, 
having  a  flat-top  crest  with  a  width  of  16.29  ft.,  all  three  investigators 
are  in  substantial  agreement,  the  differences  for  any  head  being  very 
small. 

Model  XLI. — For  the  narrow  flat-top  crests  the  disagreements  be- 
come very  large.  In  Model  XLI,  with  a  width  of  1.65  ft.,  the  maximum 
disagreement  is  between  Messrs.  Williams  and  Horton  for  a  head 
of  1  ft.,  the  difference  being  about  8%,  and  the  disagreement  between 
Messrs.  Williams  and  Lyman  for  a  head  of  3.5  ft.  is  nearly  as  large. 

If  differences  in  the  interpretations  of  the  experiments  running 
as  high  as  13%  are  justifiable,  the  writer  wishes  to  ask  what  degree 
of  accuracy  may  be  expected  in  pra.ctice  in  calculating  the  discharge 
over  a  broad-crested  weir,  or  in  designing  a  weir  to  produce  a  given 
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discharged     No  doubt  others  who  liave  occasion  to  use  these  results     Mr. 
would  bo  jrlad  to  liavo  iufonnatiou  ou  this  point,  and  it  is  hoped  that 
the  autlior   will  be   able  to  explain   the  discrepancies   above  noted   so 
that   the    results    of   these   experiments    may   be   used    with    a    greater 
df'grec  of  confidence  tlian  now  sccnis  warranted. 

Allen  Hazen,  M.  Am.  See.  C.  E.  (by  letter). — The  Society  is  in-  mi. 
debted  to  ^Ir.  Lyman  for  an  extremely  interesting  and  ingenious  com-  '^^'^'^ 
parison  of  the  most  important  weir  measurements  made  by  various 
expcn-imenters  up  to  the  present  time.  Plate  LXXXI,*  showing  the 
percentage  variation  of  all  the  different  experiments,  gives  a  more 
concise  view  of  the  whole  subject  than  is  to  be  obtained  elsewhere. 
Plate  LXXX,*  showing  the  discharge  over  weirs,  is  most  ingenious, 
and  may  be  accepted  as  an  authoritative  compilation  of  the  best  exist- 
ing data.  The  methods  of  plotting  by  which  small  differences  are 
shown  on  a  larger  scale  is  to  be  taken  as  by  no  means  the  least  of  the 
good  things  in  the  paper. 

Notwithstanding  the  use  of  exponential  formulas  and  the  author's 
statements  in  regard  to  them,  the  writer  believes  that  there  are  still 
advantages  in  the  use  of  a  formula  which  can  be  solved  with  an  or- 
dinary Mannheim  slide-rule,  where  the  conditions  permit  a  reasonable 
accuracy  to  be  so  obtained.  In  the  case  of  weirs,  this  can  be  done, 
because  the  discharge  over  weirs  follows  more  or  less  closely  the  1.5 
power  of  the  head,  and  the  1.5  power  can  be  obtained  rapidly  and 
accurately  with  the  slide-rule. 

There  is  one  fundamental  proposition  in  regard  to  weirs  that  the 
writer  has  used  for  years  and  believes  to  be  correct,  which  does  not 
enter  into  the  analysis  of  the  data  used  by  the  author.  This  is:  that 
two  weirs  of  different  size  but  of  the  same  relative  proportion  in  all 
their  parts,  that  is  to  say,  wdth  the  same  ratio  between  the  height  of 
the  weir,  the  depth  of  water  over  the  weir,  and  the  distance  back  from 
the  weir  that  the  head  is  measured,  and  with  crests  (if  not  standard 
sharp-edged  crests)  of  the  same  proportionate  dimensions,  will  always 
give  discharges  in  proportion  to  the  1.5  power  of  the  heads.  In  other 
words,  such  similar  weirs  of  different  sizes  will  have  the  same  value 
of  C  in  the  formula,  Q  =  C  h^-^.  As  far  as  the  writer  knows,  the 
only  evidence  of  substantial  divergence  of  experimental  results  from 
this  relation  is  in  the  case  of  a  few  experiments  with  very  low  heads. 
It  may  be  that  the  viscosity  of  water  in  these  cases  is  a  disturbing 
clement  and  accounts  for  these  divergencies.  We  know,  from  data 
on  the  flow  of  water  in  pipes,  that  the  viscosity  of  water  has  only  to  be 
reckoned  with  at  low  velocities,  and  disappears  rapidly  and  completely 
as  the  velocities  are  increased.  If  these  divergencies  with  low  heads 
are  really  due  to  the  viscosity,  no  appreciable  effect  from  it  is  to  be 
*  Proceedinqs,  Am.  Soc.  C.  E.,  September,  1913. 
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Mr.     anticipated  at  the  higher  heads  for  which  calculations  are  most  fre- 
Hazen.  0.014.S 

(pientlv  made.       The  fraction,  - — ,  in    the  Bazin  formula,  and  the 

h 

arbitrary  addition  of  0.007,  in  the  Fteley  and  Stearns  formula,  are 
the  practical  indications  of  these  divergencies  at  low  heads.  Except 
for  this  feature,  both  the  Bazin  and  the  Fteley  and  Stearns  formulas 
are  based  on  the  above  stated  proposition  as  applied  to  a  standard  weir. 

If  the  proposition  is  accepted  that  weirs  which,  in  all  respects,  are 
proportional  to  each  other  will  have  the  same  coefficients,  then  the 
distance  back  from  the  weir  at  which  the  head  is  measured  should 
also  be  in  proportion  to  the  height  of  the  weir.  Using  an  arbitrary 
distance  of  15  ft.  seems  to  be  illogical;  and  for  very  small  weirs  most 
inconvenient.  Following  Fteley  and  Stearns'  statement,  the  minimum 
distance  for  such  measurement  is  to  be  taken  as  2.5  times  the  height 
of  the  weir.  As  both  convenience  and  accuracy  will  be  favored  by 
as  short  a  distance  as  is  permissible,  the  writer  suggests  that  it  would 
be  better  to  measure  the  head  in  all  cases  at  a  distance  back  from 
the  weir  equal  to  2.5  times  the  height  of  the  weir. 

Francis,  in  deducing  a  formula  from  his  experiments,  used  an  arbi- 
trary method  of  allowing  for  the  velocity  of  approach,  which  he  stated 
was  probably  below  the  truth.  As  the  velocities  to  be  allowed  for  in 
his  experiments  were  always  low,  the  influence  of  this  error  on  the 
formula  which  he  deduced  was  not  great.  Afterward,  Fteley  and 
Stearns  proposed  a  method  of  allowing  for  the  velocity  of  approach 
which  was  based  on  their  own  carefully  made  experiments  on  this  par- 
ticular point.  They  pointed  out  that,  if  the  Francis  results  were  recom- 
puted with  the  allowance  which  their  experiments  indicated  to  be  proper, 
the  results  obtained  were  practically  identical  with  their  own.  In 
other  words,  the  experimental  results  of  Francis  and  of  Fteley  and 
Stearns  were  completely  in  accord. 

The  Bazin  formula  differs  from  these  two  in  making  a  much  greater 
allowance  for  the  deviations  at  low  heads,  and  in  providing  a  more 
convenient  means  for  taking  into  account  the  velocity  of  approach. 
The  allowance  in  it  for  deviations  at  low  heads  is  much  greater  than 
is  indicated  by  Fteley  and  Stearns'  experiments,  the  latter  seeming 
to  have  been  more  exhaustive  on  this  point  than  were  those  of  Bazin. 
Between  these  two  formulas,  that  of  Fteley  and  Stearns  would  seem  to 
deserve  preference  for  general  use,  were  it  not  for  the  cumbersome 
and  inconvenient  method  of  allowing  for  the  velocity  of  approach. 

The  deviations  at  low  heads  can  better  be  considered  as  a  separate 
matter.  Considering  the  relative  ease  with  which  experiments  to 
determine  the  discharge  at  low  heads  can  be  carried  out,  it  is  surpris- 
ing how  little  exact  knowledge  exists  as  to  these  quantities,  and  the 
influence  on  them  of  the  temperature  and  the  character  and  exact 
shape  of  the  lip. 


Papers.!      DISCUSSIOX  ON    W  K 1 1;  MEASUREMENT  OF  STREAM  FLOW     2353 

It  may  be  that  the  desire  to  produc;e  a  t'orinula  uliii-h  would  account     Mr. 
for  the  results  at  low  heads  as  well  as  at  high  ones  has  led  to  greater  *^*'^^"- 
complexity  than  is  really  necessary  in  a  formula  to  be  used  only  for 
higher   heads.      To   see   if    it   would    not   be   possible    to   find    one    of 
more    simple    form,    which    would    account    for    the    data,   a    num- 
ber   of    formulas    were    tried    by     the    writer.       The    general    form, 

Q^=(k--\-a       j  h^-^,   was  selected   as   woilliy   of   t'urtliei'  study.      From 

Fteley  and  Stearns'  experiments,  the  approximate  value  of  a  was  found 

to  be  0.;V.  then  Q  ^  (k  +  0.5       j  //'•■'*.  in  wliicli  the  value  of  k  remains 

to  be  determined.  The  values  of  k  in  the  formula,  in  order  to  account 
for  the  various  experiments  of  Francis,  and  of  Fteley  and  Steams, 
with  weirs  without  end  contractions  and  with  heads  of  more  than 
0.3  ft.,  were  found  by  approximate  slide-i'ule  calculations,  and  these 
results  are  shown  in  Fig.  48. 

In  the  experimental  results  of  Fteley  and  Stearns  used  to  show 
the  effect  of  different  heights  of  weir,  the  absolute  quantities  are  not 
given.  In  each  of  these  cases  the  first  experiment,  that  is,  the  one 
with  the  highest  weir,  was  used  to  compute  the  quantity  of  water 
for  all  the  experiments  in  that  series,  and  from  this  quantity  the  values 
of  k  for  the  remaining  experiments  in  that  series  were  computed. 

On  Fig.  48  have  also  been  plotted  some  values  of  k  corresponding 
to  the  exact  solutions  of  the  Fteley  and  Stearns  and  Bazin  formulas, 
for  conditions  which  are  indicated.  There  is  also  drawn  a  straight 
line  corresponding  to  the  value  of  k  which  best  represents  all  the 
exiierinicntal  data,  and  also  lines  showing  1%  errors  or  variations 
in  quantity  of  discharge  from  the  line  drawn.  This  method  of  plotting 
is  somewhat  similar  to  that  used  by  Mr.  Lyman,  to  whom  acknowledge- 
ment is  made. 

It  is  seen  I'rom   all   this   tbat   the  formula.  <J  ={'.'>. -27    •    O.o    '\  h^-\ 

accounts  for  all  the  Francis  results,  and  nearly  all  the  Fteley  and 
Steams  results  where  the  head  exceeded  0,3  ft.,  within  1%,  and  it 
seems  to  serve  quite  as  well  in  this  particular  as  any  formula  that 
has  been  proposed. 

The  Bazin  formula  indicates  a  much  wider  divergence  between 
the  coefficients  with  high  heads  and  low  heads,  and  in  this  respect 
is  not  supported  by  the  Fteley  and  Stearns  experiments. 

This  simplified  formula,  which  produces  results  that  differ  but 
slightly  from  those  obtained  by  the  Fteley  and  Stearns  formula  when 
velocity  of  approach  is  allowed  for,  has  the  great  advantage  over  it 
that  it  can  be  easily  solved  on  a  slide-rule,  automatically  allows  for 
the  velocity  of  approach,  and  accounts  for  all  the  experimental  results 
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with  heads  {greater  than  0.3  ft.  as  -well  as  the  original  formula.  As  Mr. 
compared  with  a  diagram  like  Mr.  Lyman's,  it  has  the  advantage  of 
allowing  results  of  all  needful  accuracy  to  be  taken  off  for  inter- 
mediate values  of  p  and  h  for  which  interpolation  in  even  so  good  a 
diagram  as  that  of  the  author  may  sometimes  lead  to  greater  errors 
than  are  desirable. 

Clarknce  T.  Johnston,  jM.  Am,  Soc.  C.  E.  (by  letter). — It  is  for-  Mr. 
tunate  that  a  man  qualified  to  discuss  the  measurement  of  flowing 
water  has  undertaken  a  study  of  this  subject.  Mr.  Lyman  has  brought 
together  the  available  material  relating  to  the  actual  measurement  of 
water  flowing  over  weirs  of  various  kinds,  and  the  diagram.s  and  for- 
mulas he  has  presented  must  be  very  helpful  to  the  Engineering  Pro- 
fession. 

His  investigations  have  led  him  to  recommend  the  rectangular  weir 
without  end  contractions,  and  he  advises  legislation  which  will  make 
this  form  of  weir  a  standard.  This  would  seem  advisable,  assuming 
that  weirs  can  be  used  wherever  flowing  water  is  to  be  measured.  The 
streams  of  Utah  and  the  rivers  and  many  of  the  ditches  and  canals 
of  the  West  have  sufficient  fall  to  make  weirs  generally  feasible.  In 
many  places,  however,  the  fall  is  insufficient,  and  there,  the  measuring 
flume,  which  is  rated  by  actual  current-meter  gaugings,  must  be  used. 
Those  who  have  used  weirs  extensively  know  how  difficult  it  is  to  main- 
tain them  so  that  they  furnish  uniformly  correct  results  at  all  times. 
It  might  be  possible,  in  some  cas&s,  to  place  the  weir  in  a  channel  run- 
ning parallel  to  the  canal  or  natural  stream  and  have  gates  which 
would  enable  those  in  charge  to  divert  the  water  over  the  weir  only 
when  measurements  were  being  made.  This  would  avoid  some  of  the 
troubles  that  generally  arise.  Under  these  conditions,  the  structure 
in  which  the  weir  is  placed  can  be  inspected,  and  those  in  charge  can 
ascertain  whether  or  not  water  may  pass  around  or  under  it.  They 
can  clean  the  channel  prior  to  the  beginning  of  any  test,  thus  main- 
taining a  constant  height  of  the  crest  of  the  weir  above  the  bed  of 
the  waterway.  The  natural  channel  upstream  from  the  weir  will  not 
be  changed  greatly  by  erosion,  if  water  runs  through  it  only  at  in- 
tervals. It  would  seem  that,  in  establishing  a  legal  measuring  device, 
precautions  should  be  talicn  so  that  such  device  may  have  general  ap- 
plication and  so  that,  wherever  it  is  used,  engineers  would  have 
general  confidence  in  the  results  obtained. 

Plate  J>XXX,*  and  those  following,  relating  to  the  discharge  of 
various  kinds  of  weirs  when  the  head  and  the  height  of  the  crest  are 
known,  are  the  most  sa.tisfactory  diagrams  of  the  kind  thus  far  pub- 
lished. 

*  Proceedings^  Am.  Soc.  C.  E.,  September,  1913. 
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Plates  LXXXVIa  and  LXXXVI6,*  together  with  the  text  describ- 
ing them,  deserve  special  mention.  The  text,  even  with  the  examples 
given,  does  not  show  the  basic  theory  of  the  method  used.  It  is  possible 
that  Mr.  Lyman  feels  that  the  underlying  theory  is  so  elementary  that 
a  discussion  thereof  is  not  advisable.  Under  such  an  assumption, 
however,  his  numerical  examples  and  some  descriptive  matter  might 
have  been  eliminated. 

He  takes  for  his  general  equation,  Q  =  m/i",  which,  when  reduced 
to  logarithmic  form  is  log.  Q  =  n  log.  h  -\-  log.  m.  The  latter  equation, 
when  plotted  on  rectangiilar  axes,  represents  a  straight  line,  as  he 
mentions.  Certain  measurements  have  been  made  in  practice,  which 
establish  points  referred  to  these  axes  in  terms  of  log.  Q  and  log.  h. 
Approximate  values  of  m  and  n  are  known,  so  that  it  is  possible  to 
substitute  these  values  in  the  foregoing  equation,  and  this  Mr.  Lyman 
calls  the  "trial"  formula.  When  the  actual  measurements  are  con- 
sidered it  is  found  that,  for  any  value  of  log.  h,  the  discrepancy  between 
the  measured  and  computed  values  of  log.  Q  is  very  small.  In  order 
to  show  the  discrepancies,  the  values  plotted  for  log.  Q  must  be  shown 
on  a  very  large  scale.  This  is  almost  impossible.  In  addition,  the 
lines  lie  so  close  to  the  axis  of  log.  Q  that  the  intersections  with  that 
axis  are  hard  to  locate.  Mr.  Lyman  says:  "Hence,  the  differences  in 
the  values  of  log.  Q  cannot  be  shown  with  sufficient  accuracy  on  a 
drawing  of  reasonable  size  when  rectangular  axes  are  used."  This 
is  an  accurate  statement  of  the  situation,  except  that  there  is  no  ap- 
parent reason  for  using  axes  which  are  not  rectangular,  and  it  would 
seem  to  one  who  has  not  given  extended  study  to  the  problem  that  Mr. 
Lyman  continues  to  use  rectangular  axes. 

Referring  to  Fig.  49,  the  logarithmic  equation  has  been  plotted 
on  the  rectangular  axes,  log.  h  and  log.  Q.  The  equation  takes  the  form 

log.  Q  =  "^ log.  h  -\-  h (I) 

The  scale  to  which  the  values  of  log.  h  and  log.  Q  are  plotted,  may 
be  fixed  to  suit  the  problem  under  consideration.  In  Fig.  49,  AB 
represents  the  line  established  by  the  "trial"  formula.  It  is  imprac- 
ticable to  plot  values  of  log.  Q  to  the  fourth  decimal  place,  measuring 
from  the  axis  of  log.  h.  If  this  were  feasible,  the  values,  a  and  h, 
would  be  shown  on  the  same  scale  and  for  any  values,  k,  h',  etc.,  for 
log.  h  and  ;S',  S' ,  etc.,  for  log.  Q,  the  location  of  the  line  showing  the 
relation  of  log.  h  and  log.  Q,  as  measured,  could  be  established.  In- 
stead, we  subtract  the  values  of  log.  Q  as  measured  from  those  com- 
puted for  various  values  of  log.  li.  This  gives  ils  s,  s',  etc.  These  are 
shown  on  Fig.  49,  and  they  might  be  laid  off  from  the  line  representing 
the  "trial"  formula  as  before,  if  it  were  not  for  the  objections  stated. 

*  Prowedings,  Am.  Soc.  C.  E.,  September,  1913. 
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Jnsteatl  of  laying  oif  these  differences  from  that  line,  we  will  lay  them  Mr. 
off  from  the  line  log.  Q  =  b,  as  shown  in  the  diagram.  This  locates 
the  line,  EF.  This  line  is  actually  located  by  drawing  a  straight  line 
in  such  a  way  as  to  approximate  a  number  of  the  points  established 
by  the  measurements.  Two  points,  however,  fix  the  line,  and  it  is 
always  possible  to  select  two  points  on  the  line  after  it  is  drawn,  re- 
gardless of  how  many  measurements  it  may  represent.  The  equation 
of  the  line,  EF,  is: 

s'  ■ —  s  ,        .        ,        k'  s  —  k  s' 
log.  Q  =  T-. ;:  log.  h  +  h-\-  -^, — (II) 


k'  —  k 
when  referred  to  the  same  rectangular  axes 


k'  —  k 


log.  7i=-C 


Fig.  49. 


The   equation   desired    represents   the  line.    CD.     Referring  to   the 
diagram,  it  will  be  seen  that  this  line  passes  through  the  points,  the 

9  =  ^' 


co-ordinates  of  wliich  are  log. 


,„„     Q=Ji±±k- 


+  6  -f  s',  log.  h  =  k'. 


k  -\-  h  -\-  N,  log.  k  =  k,  and 
The  equation  of  a  straight 


line  through  these  two  points  is 

'a  +  6        s' 

-I 

k' 


^        /ct  +  b        s'  —  .s  \  , 
log.(?=(-^+-^,-^)log. 


h 


k'  s  —  k  s' 
k'  —  k 


(III) 


Now,  in  examining  Equations  T,  II,  and  III,  we  find  that  the  tan- 
gent of  the  angle  between  the  line  represented  by  Equation  III  and  the 
axis  of  log.  h  is  the  sum  of  the  tangents  of  the  other  two  lines,  and 
that  in  both  Equations  II  and  III  the  intercepts  on  the  axis  of  log.  Q 
are  the  same.  Therefore,  to  find  the  equation  of  the  line  representing 
the  measurements,   CD,  we  first  obtain  Equation   II   representing  the 
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Mr.       line,  EF.     Add  the  tangents  shown  by  the  equation  for  the  line,  AB, 

''"*'*°'^-  and  the  line,   EF,  and   we  have  the  tangent   in   Equation   III.     We 

preserve  the  intercept  as  shown  by  Equation  II  for  Equation  III. 

Kegardless  of  how  small  the  differences  may  be  between  computed 
and  observed  quantities,  such  differences  may  be  laid  off  as  shown  on 
such  a  scale  as  will  enable  them  to  be  read  to  any  desired  number  of 
decimal  places.  The  line  or  lines  thios  established  enable  us  to  write 
the  equation  of  the  desired  line  at  once.  It  is  possible  that,  in  plotting 
the  points  established  by  observation,  they  may  be  found  to  assume, 
approximately,  a  curve.  The  lines,  such  as  EF,  may  then  be  drawn 
as  tangents  to  this  curve,  and  when  the  corresponding  equation  of  line, 
CD,  is  found,  the  latter  line  is  tangent  to  a  new  curve  at  the  corre- 
sponding value  of  log.  h. 

Mr.  Lyman's  method  will  be  found  useful  in  plotting  observations 
in  many  kinds  of  engineering  work.  It  has  enabled  him  to  present 
weir  formulas  covering  a  wide  range  of  experiment.  His  equations  and 
diagrams  doubtless  will  furnish  the  hydraulic  engineer  with  better 
tools  than  liave  hitherto  been  provided. 

Mr.  R.  B.  Robinson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer 

heartily  agrees  with  Professor  Lyman — and  believes  that  every  Western 
engineer  will — that  a  legalized  standard  device  and  regulations  to 
govern  the  measurement  of  water  in  flowing  streams  are  very  much 
needed,  and  that  such  device  and  regulations  should  be  of  the  simplest 
possible  form  and  construction  consistent  with  correct  and  practical 
resvilts.  He  would  also  go  further,  and  say  that  the  device  and  regula- 
tions should  be  designated  by  Federal  statute,  in  order  to  avoid  possible 
complications  owing  to  different  State  localities  on  the  same  stream. 

If  this  comment  may  serve  to  add  in  any  way  toward  the  ac- 
complishment of  Professor  Lyman's  aims,  as  set  forth  in  his  paper,  it 
will  have  answered  the  purpose  for  which  it  is  written. 


Robinsoi 
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William  B.  Landreth,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer,  Mr. 
who  lias  had  experience  on  stadia  topographical  work,  some  of  which  he 
has  described,!  has  read  Mr.  Follett's  paper  with  much  interest.  The 
surveys  made  in  1900  by  the  New  York  State  Engineer's  Department 
for  the  Barge  Canal,  were  of  the  same  general  character  as  those 
described  by  Mr.  Follett. 

The  writer  had  charge  of  the  New  York  Barge  Canal  Surveys  from 
Herkimer  to  near  Clyde  (114  miles),  on  the  Oswego  and  Oneida 
Rivers,  and  for  the  Cicero  Cut-ofF. 

The  base  line  was  measured  with  a  100-ft.  steel  tape  under  uniform 
tension,  corrected  for  temperature,  and  the  leveling  was  done  by  du- 
i)licate  lines  run  forward  and  back,  using  ordinary  Wye-levels  and  New 
York  or  Philadelphia  rods,  with  an  allowable  error  of  0.05  ft.  V^^il^s 
between  points.  The  topography  was  taken  by  stadia  for  2-ft.  contours, 
and  plotted  on  scales  of  1  in.  in  3  000  or  1  in  1  500.  Wash-drill  bor- 
ing-s  were  made  at  short  intervals  along  both  land  and  stream  lines,  and 
cross-sections  of  streams  and  lakes  were  made  by  soundings.  The  totals 
of  the  various  classes  of  work  performed  and  the  cost  thereof  are 
shown  in  Tables  18  and  19. 


♦This  discussion  (of  the  paper  by  W.  W.  Follett.  M.  Am.  Soc.  C.  E  ,  published  in  the 
October,  1913,  Proceedings,  and  present«»d  at  the  meetinsr  of  December,  3d.  1913).  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 

+  Transactions.  Am.  Soc.  C.  E..  Vol.  XXXI V,  p.  2HI,  and  Vol.  XLIV.  p.  92. 
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Tlio  character  of  the  country  and  the  cost  of  taking  the  topography 
varied  greatly  in  different  localities.  Along  the  Erie  Canal,  from 
Herkimer  to  Grove  Spring,  the  country  was  mostly  cleared  farm  lands, 
with  a  large  number  of  buildings  in  the  villages  and  cities.  The  terri- 
tory on  the  Cicero  Cut-off,  and  between  the  mouth  of  Crusoe  Creek 
and  the  western  end  of  the  Division,  was  open,  cultivated  land,  but  the 
Seneca  and  Oneida  Rivers  were  generally  bordered  by  woods  or  swamps. 
Work  in  the  Montezuma  Marshes  was  slow,  owing  to  high  reeds  and 
soft  ground. 


TABLE  18.— New  York  Barge  Canal,  JMiddle  Division,  1900. 
Statement  of  Field  and  Map  Work,  Totals. 


Length 

of 
transit 

line, 
in  miles. 

a. 

O  OJ 

■o 

$  aj  fl 

Stadia  'Work. 

6XT3 

a  a 
X  0 

M 

Map 

Work. 

Location. 

CO 

0 

< 

02 

aj 

25.84 

53.27 
13.54 

25.84 
53!  27 

'2!89 

80.80 

141 !65 

18.90 

'5!t8 

8.26 
1.69 
16.23 
6.52 
1.35 
0.39 

5  286.4 

1  083.5 

10  385.3 

4  172.8 

863.4 

249.6 

3.1 

2.7 
1.8 
1.2 
2.2 
6.4 

lis'. 

722. 

'68! 
80. 

36 
4 

28 
10 
6 
2 

1—1  500 

1—3  001) 

i   IK  III 

;  III  III 

i  UM) 

-!  nno 

Totals,  Middle,  Division. . 
Herkimer-Utica  Line 

92.65 
12.43 

82.00 
12.43 

246.53 
35.47 

34.44 
2.20 

22  041.0 
1410.6 

2.9 
8.0 

988. 

86 
14 

i— i'ax) 

105.08 

94.43 

282.00 

36.64 

23  451.6 

100 

TABLE  19. — Cost  of  Field  Work,  Exclusive  of  Head  Office, 


Class  of  work. 


Transit  line 

Duplicate  levels 

Single  levels 

Stadia  work 

Soundings 


Cost  per  mile. 


529.11 
25.70 

8.82 


Cost  per 
square  mile. 


$175.45 


Cost  per  mile 
of  stream. 


$26.86 


Accuracy  and  Cost  of  the  Work. — The  running  error  on  the  tran- 
sit lines,  as  determined  by  Polaris  observations,  was  as  follows,  obser- 
vations being  taken  about  5i  miles  apart: 

Line  "A",  Utica  to  Grove  Spring: 

Maximum   running   error 9'  25" 

Minimum         "  "     5'  56" 

Average  (of  4)  running  error 7'  37" 


Pnpi'i 
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Lino    "I!".   Tliroc   Rivers    t^J    a   Mile   Eapt   of   Clyde: 

M;i.\inuini    nimiiiif^'    error 12'  IW 

Miiiiiiuiiii  "  "     U'   00" 

Averiifre  (of  9)  runninj?  error 5'  08" 

Line  "('",   Ilerkiiner  to  Utieti : 

Mnxiimiin    ruiiniiif''   error S'  ;>0" 

Minimum         "  '•     6'  00" 

Avenip"  ••  ••     r  15" 

On  the  leveliuy,  the  limiting  value  of  C  in  the  equation  error, 
C  \/miles  between  benches,  was  0.050.  and  the  actual  values  were  as 
follows : 

Between  lltrkimer  and  East  Line  uf  Oneida  County: 

1. — Between  Benches:  oistam-e,  in  Miles. 

a — Maximum   value  of   C  =  0.016  0.40 

?>— .Minimum       "         "     "  =  0.001  0.99 

f— Average  "         ^-     "  =  0.005  12.56 

2. — From   Origin:  Miles  from  Oipin. 

a— Maximum    value   of    C  =  0.0078  4.71 

/;-— Minimum       "         "     '*  =  0.0000  8.14 

r— Average  "         "     "  =  0.0027  12.56 

B(>tween  East  Line  of  Oneida  County  and  (irove  Si)ring: 
1. — Between    Benches:  Distance,  in  Miles, 

fl— l\Liximum    value   of    C  =  0.031  0.9 

6— Minimum       "         "     "  =  0.0034  6.03 

c— Average  •         '■     "  =  0.013  25.74 

2. — From    Origin:  Miles  from  Origin, 

a— Maximum   value  of  C  =  0.030                   0.90 

?>— Minimum       "  "  "  =  0.001                  11.00 

r— Average           "  "  "  =  0.008                  25.74 

Between  Phamix  and  Clyde: 

1. — Between  Benches :  Distance,  in  Mill's, 
a— Maximum    value    of    C  =  0.034  l.Sl 

/>— Minimum       "         "     "  =  0.000  2.84 

r— Average  =^  O.OO'.i  51.40 

2. — From  Origin:  Miles  from  Onirin. 

n — ^faximum    value  of  (J  =  0.042                    6.77 

/.—Minimum       "  "  ''  =  0.007                  51.40 

r— Average           "  "  "  =  0.015                  51.40 

AlxMit  lialf  the  levels  on  the  line  between  Plwnix  and  Clyde  were 
run  over  ver>'  soft   groun<l  and   through   swamps. 
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Twenty-threte  stadia  circuits  run  by  Party  A  give  a  fair  example 
of  the  results  obtained  in  the  stadia  work,  as  follows : 

Average  lengrth   of   circuits !  .  5  214  ft. 

"         number  of  stations  occupied .".  .  7 

''         viniuing    error    in    azimuth.  ....*.■;: v.  ; .  1'  21" 

"       .        "  "         "  "         per    angle....  11.4" 

'^      ,  error  in  elevation 0.19  ft. 

"    .  "       "    circuit     1 1  214  ft. 

Maximum  "       "         "   ./" ...;..  . ,., ......     -823  " 

Minimum"      '"'      '^    '''" '"'V:''.  .:V:V":'.'.  ?^:V:^'. .  2  424  " 

The  cost  per  acre  was  84  cents,  for  transit  line,  duplicate  levels, 
stadia  work,  soundings,  map  ■  work,  superintendence,  and  purchase  of 
supplies,  but  exclusive  of  the  cost  of  borings. 

The  field  work  on  the  Cicero  Cut-off,  a  cross-country  line  13.54  miles 
long,  covering  4  TOO  acres,  cost  27  cents  per  acre,  exclusive  of  cost 
of  instruments,  equipments,  or  borings,  but  including  the  reduction  of 
all  field  notes  ready  for  plotting. 

The  total  cost  of  borings,  including  cost  of  outfit,  superintendence, 
and  a  storehouse,  was  $10  672.41  for  14  874  ft.  penetrated,  or  72  cents- 
per  ft. 

The  cost  of  the  map  work  was  $121.60  per  sq.  mile. 

Undoubtedly,  the  number  of  stadia  shots  per  square  mile  is  a  prin- 
cipal factor  in  determining  the  cost  of  stadia  surveys,  as  shown  by 
Table  20.  " 

TABLE  20.        .si.,H.>:,UL     .\ 


Barge  Canal,  Middle  Division. 


Area,  in  square  niilps 
Shots  per  square  mile 
Cost     •' 


13.00 
2  217,00 
S5257.54 


11.60 
1  210.00 
$214.69 


4.20 
461,00. 
$76.39' 


11.20 

9IK),00 

$161.36 


Varying  conditions  of  woods,  hills,  streams,  houses,  etc.,  make  it 
very  difficult  to  predict  the  cost  of  stadia  work,  but  the  foregoing  data 
may  serve  as  a  guide  to  engineers  contemplating  work  of  similar  mag- 
nitude^'- '     ■ 

In  1901,  th<>  writer  had  charge  of  running  a  line  of  spirit  levels  to 
connect  the  various  lines  previovisly  run  by  the  U.  S^.Deep  Waterway 
Commission,  or  the  1900  Barge  Canal  Survey,  to  furnish  continuous 
li*ieg<of^  bench-mark  elevktions  along  the  proposed'  Barge'  Cto&lbetween 
Albany  and  Buffalo.  Syra'Cuse  a'nd ' OsxvegOy  and  froni'Albany  to'White- 


''•'P*"'-!  DiscrssioN  ()\    roi-oiinAi'iiicAi.  sri{\i:Ys  THio 

hall  ill  llie  hejui  «it'  Lnkc  ( 'h:iini)l;iiii,  aixi  on  those  portions  of  the  Erie        Mr. 
(  anal  iiot  covered  hy  the  lormer  survevs.  ,  , 

Ilia  report  thereon  was  published  in  the  1901  Anijual  Report  of  the 
State  Engineer.  Edward  A.  Bond,  M.  Am.  Soc.  C.  E.  In  order  to 
make  the  results  availnlilc,  tho  following  extracts  are  taken  fyom  the 
State  Rei)ort:  '''''^• 

''Work  in  the  field  was  begun  at  the  old  grist  mill  bench  mark  at 
(»reenbnsh  .March  1.  1001.  and  completed  to  Herkimer  June  20th. 
Cheek  lines  between  the  Barge  (^anal  benches  on  the  Seneca  River  and 
the  old  benches  on  the  Erie  Canal  were  run  at  Syracuse,  Peru,  Weeds- 
port  and  Montezuma  between  June  20th  and  July  7th.  From  July  7th 
to  August  17th  a  portion  of  the  party  was  employed  in  the  Albany 
otKce  working  up  the  results  of  the  field  work.  A  single  line  of  levels, 
was  run  on  the  Champlain  Canal  from  Watervliet  to  Whitehall  between 
August  17th  and  September  llth,  and  dui)licate  lines  from  New  Lon- 
don to  Clyde  along  the  Erie  Canal  between  September  KUh  and  De-^ 
eeraber  10th." 

*  4r  *  -:■>  -r  tJ  *  «  * 

''The  party  was  coiistituted  as  follows:  reeordei*,  ijistrument-man, 
two  rodmen.  and  a  bubble  tender.  The  chief  of  the  party  acted  as 
recorder,  or.  instrumentman  as  the  necessities  of  the  case  required."' 

"Instruments,  Rods  and  Appliances. 

"The  instrument  used  was  a  Gurjey  'Y'  level,  purchased  in  1900  for 
the  Barge  Canal  survey.     The  dimension.s  of  the  instrument  were: 

"Focal  length 16A  inches. 

Clear  aperture  of  objective 1}   inches. 

.Magnifying  power   85  diameters 

Value  of  one  division  of  level  biibble 

(measured )    7.04  seconds. 

Value  of  one  division  of  level  bubble 

as  given  by  makers 10        seconds." 

"The  rods  used  were  improved  Gurley  New  York  rods  having 'it 
special  target  and  folding?  disc  plumbing  level.  The  face  of  the  target 
had  a  black  background  with  a  narrow  white  band  along  its  median  hori- 
zontal line.  The  white  bands  were  one-fourth  of  an  inch  wide  at  the 
outer  edges  of  the  target,  iliarrowing  down  to  one-thirty-second  of  an 
inch  at  the  center  of  the  face,  and  allowed  a  closer  setting  of  the  target 
than  the  older  form  of  targets. 

"The  rods  were  divided  into  feet,  tenths  and  hundredths,  and  were 
read  to  thousandths  by  a  vernier  on  the  target.  The  ii)Ot  of  the  rod 
was  a  bronze  casting  terminating  in  a  truncated  pyramid  one-half  an 
inch   square." 

■X-  *  *  *  -vt  ■:■:•  ':■ 

"Steel  i)ins.  twelve  inches  long,  one  inch  square  at  the  top,  tapering 
to  a  point  and  having  a  shoulder  three  inches  long  carrying  &  hardened 
steel  cone  were  used  for  turning  points.  The  pin  was  driven  securely 
in  the  ground  with  .a  mallet,  striking  on  the  head,  and  the  rod  was 
held  on  the  hardened  steel  cone,  care  being  taken  not  to  disturb  the 
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Mr.       pins  in  any  way  until  all  readings  were  taken.     The  level  was  shaded 

Landreth.  .,|.  j,|]  times  by  an  umbrella  when  set  up,  and  a  cloth  bag  when  moving 

from  point  to  point.     A   canvas  wind  breaker,  ten   feet  long  and  five 

feet  high,  was  stretched  between  one  and  one-half  inch  gas  pipes  driven 

firmly  into  the  ground." 

Duplicate  lines  of  levels  were  run  forward  and  backward  and  the 
limit  of  the  error  of  closure  of  the  two  runnings  was  0.020  ft.  Vdistance 
in  miles  between  benches,  from  Albany  to  Herkimer,  and  0.016  ft. 
\/distajice  in  miles  between  benches,  on  all  other  lines  along  the  Erie 
Canal. 

''Procedure  of  Work. 

"Starting  from  a  bench  or  turning  point,  the  instrumentnum  paced 
along  the  towpath  from  'JOO  to  250  feet  and  set  up  the  level,  protecting 
it  by  the  umbrella  and  wind  shield  as  occasion  required. 

"Rodman  No.  1  remained  at  the  bench  and  rodman  No.  2,  starting 
at  the  same  bench,  paced  to  and  beyond  the  instrument  till  he  reached 
a  i)oint  as  many  paces  beyond  the  instrument  as  the  instrument  was 
from  rod  No.  1,  at  which  point  he  drove  the  steel  pin. 

"Having  carefully  leveled  the  instrument,  the  leveler  .set  the  target 
on  rod  No.  1  as  a  backsight,  and  then,  avoiding  botii  haste  and  delay, 
turned  the  telescope  to  rod  No.  2,  and  set  the  target  as  a  foresight.  The 
bubble  tender  kept  the  bubble  constantly  in  the  middle  of  the  tub? 
by  slight  pressure  of  the  fingers  on  the  leveling  plate  of  the  instrument. 
To  balance  errors  due  to  defective  vision  of  the  bubble  tender  or  differ- 
ences in  the  light  on  the  bubble,  the  bubble  tender  moved  around  the 
tripod  when  the  telescope  was   turned. 

"The  recorder  remained  with  rodman  No.  1  until  both  he  and  the 
rotlmau  had  read,  recorded  and  cheeked  the  rod  reading,  when  he 
walked  rapidly  to  pin  No.  2,  checking  the  paced  distances  on  the  way. 
The  recorder  then  read,  recorded,  and  checked  the  reading  of  target 
No.  2  and  signaled  'all  right'  to  the  instrumentman,  who  rejjeated  the 
signal  to  rodman  No.  1,  when  they  both  moved  forward.  Rodman  No.  1. 
going  to  rod  No.  2,  read,  recorded,  compiited  and  compared  results 
with  rodman  No.  2  and  the  recorder,  the  leveler  having  at  the  same  time 
paced  up  to  point  No.  2  to  check  the  pacing  and  then  paced  past  point 
No.  2  the  proper  distance  and  set  up  the  instrument.  Rodman  No.  1 
paced  up  to  the  instrument  from  point  No.  2  and  then  an  equal  distance 
beyond  it  and  drove  steel  pin  and  set  target.  Thus  this  alternation 
occurred:  First  set  up,  rod  No.  1  on  backsight  is  set  first  and  rod 
No.  2  on  foresight  is  set  last;  on  second  set  up,  rod  No.  1  on  fore- 
sight is  set  first  and  rod  No.  2  on  backsight  is  set  last." 

■X-  W  *  *  -K-  *  -!r  *  * 

"The  length  of  line  run  each  day  depended  almost  entirely  on  thp 
wind  and  the  condition  of  the  atmosphere,  and  work  was  stopped 
when  it  was  found  that  three  or  more  readings  were  necessary  in  order 
to  obtain  two  readings  within  two-thousandths  foot  of  each  other.  The 
best  results  were  obtained  by  sights  of  from  200  to  225  feet.  The 
progress  records  for  the  various  portions  of  the  survey  are  given  in 
Table  No.  2.* 


*  Rearranged  and  reproduced  herewith  as  Table  31. 
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Local  i.  "II. 


Mr. 
L'tndreth 


(treenbush-Herkinier 
Grove  Spring-Clvde. 

Tie  Lines 

Oswego  Canal 

Champlain  Canal 


Days  iu 
field. 


4 
5 
19i 


Miles  of 
.single  line. 


.^13. 03 
199. IH 
la.  50 
Hi.  (10 
73.26 


Mi'.es  of 

finished 

line. 


Miles  of 

single  line 

pnr  day. 


Cost,  per  mile, 
for  field  work 
of  fl  n  i  s  h  e  d 
line. 


a5.4.S 
74.93 


3.16 

3.49 
3.12 
3.32 
3.H 


$87.70 
:J0.90 
28.00 
19.38 
IJ.l^' 


''Accuracy  of  the  Work. 

"Table  No.  8*  has  been  prepared  to  show  the  differences  between 
the  east  and  west  lines  of  this  survey.  In  that  table  column  1  gives 
the  serial  number  of  the  bench  mark;  column  2  the  distance  of  the 
second  bench  noted  in  column  1,  in  milCvS  from  (ireenbnsh;  colnmn.s 
."5.  4.  and  5.  the  difference  between  the  bench  marks  as  given  by  the  west 
line,  the  east  line  and  the  mean  thereof;  column  (3  shows  the  partial 
exees.ses  obtained  by  subtracting-  the  difference  of  elevations  as  de- 
termined by  the  west  line  from  those  determined  by  the  east  line; 
column  7  shows  the  total  exces.s  up  to  that  bench  mark,  the  total  excess 
being  the  algebraic  sum  of  all  of  the  preceding  partial  excesses.  In  col- 
umns t)  and  7  the  ])lus  sign  denotes  that  the  east  line  is  above  the  west 
line,  and  the  minus  sign  the  reverse.  Columns  8  and  9  give  the  value 
of  'C  in  the  equation  error  =  C  V^^il^^  between  benches,  between  suc- 
cessive benches  and  from  the  Greenbush  bench  respectively. 

"Dividing  the  line  from  Greenbush  to  Buffalo  into  circuits  accord- 
ing to  the  individual  surveys  and  taking  the  values  of  '("  from  column 
8,  as  calculated  between  successive  bench  marks,  as  being  the  .severest 
test  of  the  accuracy'  of  the  work,  we  have  the  following  table :+ 

TABLE  22.— Results  of  Levels,  1900  a.\d  1901. 


11 

3S 

1 

Length.  ' 

in                                     Location 
miles. 

Allowable 

value  of 

•C.' 

Maximum. 
•'C.  ' 

Times 

zero 

occurred. 

1 

0.020 

O.Olfi 
0.016 

0.045 
0.016 
0.049 
0.038 

43 

2 
3 

4 
5 
6 

12..')»>       Herkimer-East  line  Oneida  County. . . 
25.74       East   line    Oneida  Count v    to    Orove 

1        Spring 

74.93       Grove  Spring  to  culvert  east  of  Clyde. 
56.7         Culvert  east  of  Clyde  to  Rochester  . . . 
94.19       Rochester  lo  Buffalo :...... 

0.051) 

0.050 
0.010 
0.050 
0.050 

2 

I)*' 
10 
6 

'11     ■'■  ■ 

*  Minimum  =  0.001. 


Taking  by  ihemselves  tlie  separate  circuits  given  in  Table  22,  and 
comparing  their  east  and  west  lines,  shows  their  divergence,  as  i)i 
Table  2:1. 


*  Not  reproduced  in  this  discussion. 

t  This  refers  to  Table  No.  ti  of  the  original  report:  the  greater  part  of  it  is  reprmluced 
herewith  as  Table  22. 
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TABLE  ;23. — Div^rgekce  of.  .  Lines   of    Cmcuixs. 


^l.iu  T'.-.   Circuit. 

JVlaximum  divergence,  in  feet. 

Times  zero  occurred. 

1 

3 

4 
5 
t> 

0.067 
0.014 
0.050 
0.063 
0.193 
0.135 

15 
4 
4 
4 
2 
9 

For  the  line  from  Albany  to  Buffalo.  354  miles  long-,  the  total  di- 
vergence was  0.276  —  C  =  0.014. 

"Lines  Ee-Eun. 

"'The  lengths  of  the  lines  re-run  varied  somewhat  on  the  various 
surveys,  owing  mainly  to  their  having  been  run  in  different  seasons 
of  the  year,  and  during  the  work  of  1901,  the  amounts  re-run  were: 
Between  Greenbush  and  Herkimer,  26  per  cent.;  between  Grove  Spring 
and  Clyde,  30  per  cent,  of  the  total  length  of  east  and  west  accepted 
lines." 

"The  men  employed  on  the  Barge  Canal  lines  were  taken  from  the 
State  Civil  Service  list,  and  had  no  special  training  in  accurate  level- 
ing, though  the  men  employed  in  1901  nearly  all  had  experience  in 
similar  work  in  1900. 

"The  instruments  used  were  the  regular  engineer's  levels  with  sensi- 
tive bubbles,  but  could  in  no  sense  be  called  'precise  levels',  as  the 
term  is  used  in  Government  reports. 

■"The  results  are  those  obtained  by  men  of  average  ability  and  care- 
fulness working  under  rigid  instructions  with  instruments  such  as  may 
be  obtained  from  any  reputable  maker,  and  it  should  be  distinctly  under- 
stood that  no  claim  is  made  that  the  lines  run  are  'precise  levels'  in 
the  technical  sense  of  the  term. 

"The  methods  of  work  were  almost  identical  with  the  later  methods 
of  the  JJ.  S.  Coast  Survey  and  of  the  LT.  S.  Geological  Survey  but  the 
levels  tised  were  inferior  to  the  precise  levels  used  by  the  latter 
in  the  optical  power  of  the  telescope,  in  weight  and  solidity  and  of  a 
much  lower  cost.  The  results  are  those  obtained  with  an  average 
leveling  party  working  at  a  good  rate. 

"Experience  gained  on  the  Barge  Canal  surveys  shows  the  necessity 
of  certain  precautions  to  secure  a  uniform  degree  of  accuracy.  Among 
them  may  be  cited  the  following: 

"1.  Before  testing  the  instrument  adjustments  it  should  be  set  in 
the  shade  and  allowed  to  remain  a  few  moments,  in  order  to  allow  all 
of  its  parts  to  come  to  the  same  temperature. 

"2.  During  bright  sunlight  the  line  of  sights  should  not  be  near  the 
ground,  or  a  fence,  stone  wall  or  building,  to  avoid  the  action  of  the 
heat  radiated  from  them. 

'*3.  After  the  target  is  set  and  clamped  another  careful  observa- 
tion should  be  made  of  the  contact  of  the  rod  with  the  turiiing  point, 
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the  plunibinj.:-  of  the  rod  and  the  centering  of  the  instrument  bubble       Mr. 
before  the  final  acceptance  of  the  target  setting.  Landrpth. 

'•4.  During  windy  weather  the  instrument  should  not  be  set  up  in 
dr>'  sand  or  dust,  as  the  vibration  of  the  tripod  legs  causes  fine  par- 
ticles to  settle  under  them,  raising  the  instrument. 

"5.  After  the  instrument  is  leveled  the  observer  and  bubble  tender 
should  stand  near  it  as  little  as  possible,  owing  to  the  effect  of  the  heat 
of  their  bodies  in  changing  the  temi)erature  of  parts  of  the  instrument. 
They  should,  as  far  as  possible,  place  their  bodies  so  that  their  breath 
will  not  be  blown  upon  the  instrument. 

"The  essentials  for  obtaining  good  results  are:  A, good  instrument 
with  a  sensitive  bubble,  kept  in  perfect  adjustment;  equal  back  sights 
and  for^  sights;  protection  of  the  instrument  from  the  direct  rays  of  the 
sun  at  all  times;  cessation  of  work  when  bad  air  or  wind  does  not 
allow  two  settings  of  the  target  on  the  same  point  within  0.0012  of  a 
foot.  The  chief  of  the  party  should  be  a  careful,  patient  man,  who 
should  early  learn  when  to  stop  work,  and  his  guide  should  be  accuracy 
first,  speed  second.''  ,     .    ■,, 

W.  N.  Bbow.n,  .M.  Am.  Soc,  C.  E.  (by  letter). —Mr.  Follett  advances  m,-. 
certain  views  concerning  the  accuracy  of  the  stadia,  and  its  limitationti.  '*''*■"• 
Although  they  may  be  true  as  applied  to  this  special  piece  of  work 
and  the  methods  therein  used,  they  are  certaiply,  far.  at  variance  with 
the  writ.er's  experience,  and  are  not  applicable  to  stadia  work  in  gen- 
eral. The  author  fails  to  appreciate  the  accuracy  with  which  stadia 
measurements  are  being  made.  Under  the  heading  "Use  and  Abuse 
of  Stadia'',  Mr.  Follett  states: 

■'In  any  work  where  a  variation  of  1  or  '2  m.  in  the  relative  location 
I  if  points  near  together,  or  5  or  6  m.  in  that  of  those  which  are 
iiuiterial  distances  apart,  can  be  tolerated,  the  stadia  offers  a  most 
nijiid  and  handy  method  of  work." 

If  .Mr.  Follett  had  said  feet,  instead  of  meters,  lie  would  have  been 
much  nearer  the  accuracy  attainable  in  stadia  measurements.  The 
source  of  his  error  is  in  the  type  of  rod  used.  His  results  were  prob- 
ably as  good  as  could  be  obtaine<l  with  that  rod,  whether  (/  -f-  c)  and 
stadia  factor  corrections  were  applied  or  not.  That  the  rod  was  not 
capable  of  clo.se  reading  is  indicated  in  his  statement:  ''As  the  nearest 
that  the  stadia  interval  can  usually  be  read,  at  distances  of  al)out 
200  m.  or  more,  is  to  the  centimeter,  which  means  a  meter  in  distance". 
During  the  past  year  the  writer  lias  had  a  number  of  topographic  field 
parties  under  his  direction  on  the  Topographic  Survey  of  Cincinnati. 
(Area  100  sq,  miles,  scale  of  map,  400  ft.  to  1  in.)  In  carr>-ing  out 
this  work  apjuoximately  1  650  miles  of  stadia  traverse  have  been  run- 
in  street  location  and  across  country — filling  in  tojKjgraphy.  This 
traverse  was  controlled  by  triangulation,  so  that  the  accuracy  of  the 
stadia  measurements  was  always  imder  observation  and  determined 
by  each  dosun-  on  control  points.  One  of  the  •specifications  for  this 
work  was : 
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Mr.  "All    horizontal    (listniiees    between    well-defined   points   must    scale 

Brown,  correct  to  within  the  smallest  distance  Avhich  it  is  possible  to  plot 
on  the  map.  This  distance  is  1/80  of  an  inch,  representing  5  ft.  on 
the  ground." 

This  did  not  apply  to  short  distances  alone,  but  to  distances  between 
points  anywhere  on  the  map.  That  this  condition  was  met  is  shown  by 
numerous  tests  to  which  the  map  has  been  subjected  by  the  Depart- 
ment of  Sewerage  Investigation,  City  of  Cincinnati,  before  acceptance 
of  the  work  from  the  contractors  (the  work  was  done  by  contract). 

On  this  work,  rods  3  in.  wide  and  12  ft.  long,  divided  to  feet, 
tenths,  and  hundredths  of  a  foot,  were  used,  It  was  found  that,  up 
to  200  ft.,  the  intercept  could  be  read  to  the  nearest  half  division  on 
the  rod;  representing  i  ft.  in  distance;  and,  up  to  600  ft.,  the  intercept 
could  be  read  to  the  nearest  division  on  the  rod  representing  1  ft.  in 
the  distance.  The  leiigth  of  sight  was  kept  less  than  600  ft.,  as  far  as 
possible,  especially  on  long  traverse  lines. 

When  reading  distances  to  the  nearest  foot,  instead  of  the  nearest 
meter  or  two,  the  necessity  of  applying  corrections  for  stadia  factor 
and  (/  +  (■),  which  often  amount  to  as  mucli  as  2  ft.  in  100  ft.  of 
measured  distance,  becomes  apparent.  "".     ' 

Although  the  need  of  rod  levels  is  not  so  apparent  on  level  ground, 
it  is  nearly  impossible  for  a.  rodman  to  hold  the  rod  truly  vertical  on 
a  steep  slope,  as  a  very  slight  inclination  either  way  will  change  the 
intercept  on  the  rod  one  or  two  hundredths,  thus  introducing  a  cor- 
responding error  of  1  or  2  ft.  It  certainly  seems  advisable  to  have 
such  levels,  so  that  they  may  be  used  when  necessars'. 

It  is  seldom  that  one  finds  an  instrument  in  which  th<^  ratio  of 
the  distance  intercepted  on  the  rod  to  the  distance  being  measured 
is  exactly  1  to  100.  Out  of  eleven  stadia  instruments  used  on  the 
Cincinnati  work,  three  had  the  wires  placed  so  accurately  that  this 
ratio  was  true  up  to  800  ft.  The  eight  remaining  ones  required  cor- 
rections varying  from  0.75  to  3  ft.  per  100  ft.  of  distance.  They  were 
a  fairly  representative  group  of  instruments:  Seven  were  by  Bausch 
and  Lomb,  three  by  W.  and  L.  E.  Gurley,  and  one  by  Young  and  Sons. 

It  would  seem  that  the  condition  of  a  number  of  instruments  with- 
out stadia  factor,  as  found  by  Mr.  Follett,  is  exceptional.  The  question 
naturally  arises :  Was  this  not  partly  due  to  the  fact  that  his  rods  were 
not  adapted  to  close  or  nearly  exact  reading,  and  may  not  some  of  his 
''variation  of  1  or  2  m.  in  the  relative  location  of  points  near  together", 
be  undetected  stadia  factor  crying  for  recognition? 

Far  from  agreeing  with  Mr.  Follett  that  the  stadia  is  too  inaccurate 
for  satisfactory  use  in  the  better  class  of  land  surveys  and  in  city  and 
town  surveys  (meaning  topographic  surveys;  for  manifestly  it  is  not 
applicable  in  city  land  surveys  where  land  is  so  valuable  that  discrepan- 
cies in  distance  of  0.1  ft.  are  of  serious  moment),  it  is  the  writer's  belief 
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tlmt.  tho  stiulia  can  be  used  without  any  injury  to  the  accuracy  of  the  Mr. 
results,  wlierever  these  results  are  to  be  plotted  on  a  scale  of  50  ft.  '^'■*>""- 
Id  1  in.  <'!•  smaller  scales.  In  other  words,  the  errors  of  plotting  on 
a  scale  of  .">()  ft.  to  1  in.  are  just  about  ecjual  to  the  errors  of  stadia 
nieasurenicnts  when  proi)erly  carried  out,  and  the  necessary  corrections 
for  stadia  factor,  focal  length,  etc..  are  applied.  Of  course,  with  stadia 
ns  well  as  with  any  other  metiiod,  there  must  be  proper  primary  control. 
Relative  to  cost,  Mr.  Follett  gives  $39  per  s(i.  mile,  adding  that  this 
■*is  not  properly  comparable  with  contour  surveys  which  cover  all 
the  ground  with  eipial  thorougluiess.  Such  may  cost  two  or  three  times 
a-  much  per  scpiare  mile  as  did  this  and  still  be  economically  done". 
The  writer  is  afraid  that  this  is  misleading  and  will  cause  many 
an  engineer  to  underestimate  greatly  the  cost  of  topographic  surveying, 
if  he  uses  even  ten  times  this  cost  as  a  ma:ximum.  There  are  so  many 
conditions  affecting  the  costs  of  topography  that  it  is  dangerous  indeed 
to  hazard  even  a  guess  until  the  individual  conditions  are  very  thor- 
oughly examined.     The  elemental  conditions  affecting  costs  are: 

(a)   The  scale  on  which  the  map  is  to  be  plotted; 

(h)   The  degree  of  accuracy  to  be  maintained; 

(c)   The    phy.sical    conditions    of    the    area,    affecting   cost    l)otii    of 

control  and  topography,  such   ns  (|uaiitity   of  l)rush,   steepness 

of  slope,  and  inaccessibility; 
(rf)   The  amount  of  culture,  and  of  traffic  interference,  the  latter 

being  especially  important  in  considering  city  worl<. 

It  is  the  writers  opinion  that  topography  may  cost  from  $30  to 
$1  500,  or  even  $2  000,  per  sq.  mile,  dejjending  on  these  varying  condi- 
tions, and  still  be  most  economically  executed. 
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CHARLES  ARTHIR  HA<iJl  E.  M    Am.   Soc.  C.  E.* 


DiKO  Junk  26th,  1911. 


Charles  Arthur  Hague  uas  born  at  Newton,  Mass.,  on  October  9th, 
1849. 

He  was  in  the  employ  of  the  Clapp  and  Jones  Manufaoturinsr  Com- 
pany at  Hudson,  N.  Y.,  as  a  Draftsman  and  Designer,  from  1872  to 
1875,  when  he  resigned  to  become  Mechanical  Engineer  and  Drafts- 
man on  steam  engines  and  boilers  for  the  Frank  Douglas  Machinery 
Company,  of  Chicago. 

In  1876,  Mr.  Hague  became  Master  Mechanic  for  the  Furst  and 
Bradley  Manufacturing  Company,  and  while  in  that  position  he  pat- 
ented many  improvements  on  plows  and  other  implements,  besides 
designing  and  ei'ecting  numerous  special  machines.  From  1884  to 
1887,  he  was  Superintendent  for  the  E.  P.  Allis  Company,  of  Mil- 
waukee, Wis. 

After  one  year  with  the  Knowles  Steam  Pump  Company,  of  New 
York  City,  he  became  Mechanical  Engineer  for  the  H.  E.  Worthington 
Company,  which  position  he  held  until  1895.  From  that  time  until 
his  death,  he  was  engaged  in  consulting  practice  in  New  York  City. 

Mr.  Hague  was  the  author  of  a  treatise  entitled  "Pumping  Engines 
for  Water  W^orks."  He  was  a  member  of  the  American  Society  of 
Mechanical  Engineers,  the  American  Water  Works  Association,  and 
the  New  England  Water  Works  Association. 

Mr.  Hague  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  February  od.  1892. 


(^EORfiE  WILLIAM  LEE,  Assoc.  M.  Am.  Soc.  C.  E.f 


Died  January  6th,  1911. 


George  William  Lee  was  born  on  June  10th,  1875,  at  New  Haven, 
Conn.  He  was  the  son  of  George  W.  and  Harriet  (Chappel)  Lee,  of 
East  Lynn,  Conn.,  where  for  five  generations  their  ancestors  had  lived. 
He  was  educated  at  the  Bordentown  Military  Institute,  Worcester 
Academy,  and  Worcester  Polytechnic  Institute. 


*  Memoir  prepared  by  Geoige  A.  (Jrrok,  M.  Am.  Soo.  C.  E. 
+  Memoir  prepared  by  William  R.  Hill.  M.  Am.  Soc.  C.  K. 
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Mr.  Lee's  whole  life  was  devoted  to  his  Profession,  even  during 
his  school  vacations,  for  in  the  summer  of  1894  he  was  engaged  on 
surveys  near  Winchester,  Conn.;  in  1895  on  surveys  for  the  improve- 
ment of  the  water  supply  of  Athol,  Mass.;  and  in  1896  on  surveys 
for  a  sewerage  system  for  Hyde  Park,  Mass.,  and  a  water  supply  for 
Billerica,  Mass. 

In  1897  he  finished  his  course  at  the  Polytechnic,  and  was  then 
engaged  by  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  and  placed 
in  charge  of  a  party  making  surveys  for  the  Subway  in  New  York  City, 
after  which  he  was  with  a  corps  of  engineers,  U.  8.  A.,  on  surveys 
for  military  roads  in  Porto  Rico. 

In  August,  1901,  Mr.  Lee  was  engaged  as  Engineer  for  iSundstrom 
and  Stratton,  General  Contractors,  and  remained  with  this  firm  until 
his  death,  at  which  time  he  was  Chief  Engineer.  He  showed  marked 
ability  in  designing  plant  and  directing  the  construction  of  majiy 
structures.  While  thus  engaged  the  most  important  work  under  his 
supervision  was  on  the  JSTew  York  Ce«itral  and  Hudson  River  Railroad, 
in  constructing  the  Oak  Grove  and  DeWitt  Yards,  double-tracking  the 
Fall  Brook  Division  and  the  Peekskill  Tunnel  on  the  main  line,  the 
Chateaugay  Branch  of  the  Delaware  and  Hudson  Company,  and  Con- 
tract ISTo.  3  of  the  New  York  State  Barge  Canal,  at  Fort  Miller,  N.  Y. 
His  devotion  to  his  work  won  the  admiration  of  all  with  whom  he  came 
in  contact. 

He  is  survived  by  his  wife,  Rhoda  Hoyt  Lee,  and  two  daughters, 
Harriet  E.  and  Dorothy  C.  Lee. 

Mr.  Lee  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  March  4th,  1902,  and  an  Associate  Member  on  January- 
2d,  1907. 
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